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PREFACE 


ALTiioueii no changes of so imporhint a character as those whicli 
(listingirshed tlie VTIth Edition of this book from the editions 
that ha( preceded it have been necessitated, yet a thorough and 
complet? revision of the entire text has ])een made, and everj’thing 
of impo’bince to Microscopy wliich has transpired in the interval 
has beei noted. Tliis applies to the theory of the niicro.scope as 
^\^11 as 'o its use. 

. We have adopted a classifiwition of microscopes tlrat we hoi)e 
may be of value to many in the purchase of a stand, especially as we 
also poht out with pleasure the great and su<‘ce.ssful efforts which 
Eriglisl:, Continental, and American makers have made within the 
last fe\^ years to supply good and useful microscopes at a greatly 
redueef price. 

Inviluable aid and suggestion have Ix^en given me by my friend 
Mr. E M. Nelson, ex-President of The Koy.\l Microscopical 
Society, to whom my thanks are due. Mr. Arthur Bolles 
Lee lus rendered unique service in the section dealing wuth the 
Prepantion and Mounting of Objects ; and to Prof. E. Crookshank 
1 am indebted for valuable and useful helj*. In the matter of th(* 
Application of tlie ^licroscupe to Ceological Investigation the 
Rev. Prof. T. Bonnew F.Il.S.. has been, foitunately, my valued co- 
adjuto'. On the sulqeets of Micro -cry.stallisation, Polaristition, and 
Molecnlar Coalescence, I have received tlie expert advice and help 
of Mr. W, J. Pope, E.l.tt. F.C.S,, ti:c.. Chemist to the Goldsmiths’ 
Techiical Institute, who.se large jwactical knowledge of this depart- 
ment ')f chemistry is widely known. 

For tile valu(‘d lielp of Prof. A. W. Bennkit. M.A., B.8c., 
lA'ctu.-er on Botany at 81. Thomas's Hosyiital, and of Prof. F. 
Jeffiey Bell, M.A., Professor of Comparative .\natoniy and 
Ziiolo^'v. King’s College, London, I liave. as in the former Editions 
to iirike mv appreciative acknowledgments. 

It is ho[H.‘d tliut this Editi<in may, as its predecessors have done, 
^irovCjof pi'acticid lu‘l[i to many in understanding the scientific u>e 
\>f the micn^scope. 

W. 11. DALLINGER. 

LiNDos: M.\uch 1901. 


KiiiiviTM.— i’.'iict' clovciitti liik“ fniiB tilt' Isottmii. rwi.i 'Plato IV.’ not UI. 



PEEFACE 

TO 

THE SEVENTH EDITION 


The use of tlie Microseopej :is an losti'miieiit of seieiitific Tesearcli 
aud as a moans of affording [>]easuve and re(Teative instiuotioUj ha;' 
heoonie so widespread, and tlie iiistriimenti is now so frequent-V found 
in an expensive form (■apahl(' of yielding in skilled liaivls gotwl 
optical results, that it is eniinently desiralde that a treatise should 
be within the reach of the student and the tiro alike, whirl wonl<l 
provide both with the elements of the theoi y and pi'iiiciples hvolved 
in the construction of the instrument itself, the natni'e of iti; latest 
ap})liances, and the projier coniditions on which they can ’>e em- 
ployed wdth the V>est resnlts. Beyond this it sliould provide an 
outline of the latest and best modes of pre[>aring, examining, aud 
mounting objects, and glance, with this ptir[)Cisr in vic‘W, at ^ hat is 
easily a<‘ce.ssi})Ie for tJie i'equireimaHs of t lie amateur in the entii'e 
organic and inorganic kingdoms. 

This need has hern for many years met hy this V)o<ik, and 
its six ])i’ecedingeditions liave been an extrejncdygratilying evi<lence 
of the industry and erudition (d’ its Ant lloi'. Broin the heginning 
it opened the light path, and afforded excellent aid to the earnest 
amateur and the careful student. 

Ihit the Microscope in its very liighe.st fomi has })ecoin<‘ — so far 
at least as objectives (T the most [HTfect (‘oiistruction and greatest 
useful magnifying [Kiwer are i>oiu*erne<l— so common tliat a much 
more accurate account of tlie tlieoretii'al basis of the instrijment 
itself and of the ojitical apparatus employed witli it to obtaip tia» 
liest results with ‘ high [xiwers ’ is a want very widely felt. 

The advances in the mathematical optics involved in the con 
struction ol the most jicrfect form of the present Mici'oscope liavi- 
been vi.'ry rapid during the last twenty years ; and the ]ir ogress in 
the principles of practical {'oustrtiction and the application of tlienrv 
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has, even since the last edition of this hook was published, been sf) 
marked aa to produce a revolution in tlie instrument itself and in its 
applic^ation . Tlie new dispensation was dimly indicated in the last 
edition ; but it has effected so radical a change in all that apper- 
tains to Microscopy that a thorough revision of the treatment of 
this treatise w’as required. The great j win ci pies involved in the 
use of the ?iew o]>jectives ainl tlie interiwetation of the images pre- 
sented by their means, arc distinct and unique ; and unless these he 
clearly understood the intelligent use of the finest optical ap|>liaiices 
now produced Ijy inatlieinatical and pj’actical optics cannot l>e 
brought about. They have not rendered the use of the instrument 
more difHcult — they have rather simplified its employment, provided 
ihe operator understand tlie general nature and conditions on 
whicli lus Micro.scope should he used. If the modern Micro.scope be, 
as a mechanical instrument witli its accompanying optical apparatus, 
as g(K)d as it can ))e, a critical image — a picture of the object having 
the most delicately l)eautirul chai’actei’ — is atfainahle witli Mow 
powers’ and Miigli powers’ alike. Microsc-opists are no longer 
divisible into those who work witli Miigh jxiweis’ and those who 
work with Mow pow(-rs.’ Xo one can woik jiroperly with either 
if he does not niulei-staiid the tiieory of their construction and the 
pi-inciples upon wliich to inteiqirct the I'esiilts of tlieir employment. 
If he i: familiar witli these the employment of any range of magni- 
fying jxiwer is simply a question of cai'e, expci'iment, and practice; 
tin* principles ap[ilicahle to flic one are inv<ilved in the other. Thus, 
for example, a proper understanding of the nature and mode of 
oi>tical action of a ‘ si Ji-stage condenser ’ is as essential for the very 
finest results in the use of a 1-inch oiiject-glass as in the use of a 
2 mm. witli X.A. IMO nr the 2 0 mm. with X.A. DfiO, while it 
gives advantages nnt nthevwise realisiMe if tlie right Mass of con- 
denser used in the rigid wav he eiii pin veil ^^■itll the older inch 
or ^’Mh inch achromatic' oljectives, and esjaa-ially the 
and .,\,th inch obje(‘tives nf Powell and Lealand, of X.A. 1'50. 
Without ('omparing tlu' value of tlie respective lenses, the best 
possible residts in every case u ill dejieiid U}Kin a knowledge of the 
nature of the instrument, tlu‘ <jualily of the (‘onden'^. required by 
it, and its employment iqmti rigid principles. 

’Tliis is but om^ instance mil of tbe whole rangi' of manipulation 
Mu i\l.icTos<;*o])y to wbii'b the siine principles apply. 

In its presmd form, therefore, a treatise of this sort, preserving 
tlie original idea of its Author ami ranging from tlie theory and 
construction of the MicTOS(‘ope and its essential apparatus, embracing 
n di,seus.sion of all tlieir prineijuil forms, and tbe right use of each, and 
passing to a eonsideration of tbe best metluvls ot prej'aration and 
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iiiounting of ol>ie(‘ts, ami a review of the whole Animal, Vegeteble, 
and luorgaiiie Kingdoms speeially suited for microscopic purposes, 
must he essentially a cyclopa'dic work. This was far more i)Ossible 
to one mail when Dr. Carpenter began liis work than it was even 
when he issued Ins last edition. But it is practically 'imiossible 
now. It is with ]\Iicro.sco[)y a.s with every department of sc-ientific 
must de-iiend upon the speciali.st foi' accurate knowleilge. 

Til the following pages i liave been most geuerou.sly aided. In 
no <lp|iartnient, not even that in which for twenty years 1 have 
been specially at work, Imve I acted without the cordial intere.st, 
.suggestion, and enlightenment aftbi'ded I py kindred or similar workers. 
In every .set'tion experts liave gi\en me their unstinted help. 
To preseiw e the character of the l)(X)k, however, and give it homo- 
ireneity, it was essential that all should pass through one miinl and 
he so presented, work for many years has familiarised me, 

more or less, with ev ery (le[>artment of 3Iicro.scopy, ami with the 
great majority of branches to which it is iqpplied. T have therefoi*!^ 
given a common flinn, for which I take tlie sole responsibility, 
to the entire treatise. The subject might have hemi carritMl over 
ten .such volumes as this ; hut we were of necessity limited a.s 
to .spai'e. and the specific aim has been to give sucli a condensed 
view' of the whole range of subjects as would make tliis tieatisi- 
at once a practical and a suggestiv'e one. 

The first five chapters of tlie last edition are i epresente<l in this 
edition hv seven chapters ; the whole matter of these seven chapters 
lias been re-written, and two of tliem are on sulvjects not treated in 
any former eilitiou. These seven chapters repik^sent the experience 
of a lifetime, confirmed ami ai<led by tlie adv ice and practical help 
of some of the most experienced men in the world, and tliev may l>e 
read hv any one familial* w itli tlm use of algebraic .symbols and the 
practice of tlie rule of thiee. Mdiey are not in any sen.se abstruse, 
and they aie everywheie practical. 

In the second chapter, on The Princi]>les'aud Theory of Vision 
with the Compound Microscope, so much has been done <luring the 
past twenty years by Dr. Ahue, of Jena, tliat my first ih^siie was to 
induce him to summarise, tor this treatise, the results of his twenty 
years of unremitting ami marvel Imisly productive laliour. Hut the 
state of lii.s lieulth ami his many obligations forlvide this; and at 
length it liecame apparent that if this most desirable (>n<l wert* to 
he secured, 1 must re-study with this object all the monographs of 
tins author. I suimiiarisedthem, not without anxietv ; hut that was 
speedily removed, for Dr. Abbe, with great generosity, cuusfaited to 
examine my results, and has been goo<l enough to write tliat lu* ha.*' 
^read [my] clear expo.sitions with tlie greatest interest;’ ;iml. after 
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^vonls whi(;li sliow Ins cordial I'riendliiiess, lie says : ‘ I find the whole 
. . . inueli more adeijuate to tiie jiiir^ioses of the Ixxik than I should 
liave been able to writi* it. ... 1 feel tlie gi-eatest satisfaction in 
seeing m}' \'ie\vs rejiresented in the book so extensively and intein 
sively.’ 

Tliese words are more tlian generous ; but I quote them here 
in order that the reader may be assured of the accuracy and 
etliciency of the account given in the following pages of the invalid 
able demonstrations, theories, and ex[danations presented by I)r. 
Aubk on the optical indnciples and practice iqioii which tlie recent 
improvement in the construction of microscojiical lens systems has 
.scj much depended. 

• It will not lie supposed that I implicitly coinch le witli evcry 
iletail. Dr. Abbe is too sincere a lover of imlepemleiit judgment 
to even desire 1;liis. Ihit it was important that his views as such 
slum hi be found in an accessilile English form ; in that form I have 
endeavoured to present them ; and in the main there can be lu) 
doubt whatever tliat these teiichiiigs are ahsidutcly incident with 
fact and ex[>erience. In details, as may appear liere and there iii 
tliese pages, especially wlu-re it liecomes a ({uestion ofjiractiee, i may 
differ as to luetluMl, and even inter[)retathin. frnni this distiiiguishe<l 
ma.stei'in Matliemati(‘al Optics. Ihit our difhu'ences in no way affect 
the gi'iMt }>]'inci})lcs lie lias enunciated or the coiiiprp]ieMsi\'e theory 
of microscopical vision lie has with such keen insight laid down. 

In preparing the remainder of the seven new chaptei's of this 
liook I have sought and. without hesitancy, obtained advice and 
the advantage of the.*support of niy own judgment and exjierience 
from maiiv coiiq)etent men of science, ^\']lo have shown a sincere 
interest in mv work and have aided me in my endeavours. But 
first on the list 1 must [ilace my friend 3Ir. E. 31. Xelsox. Our 
lines of expei-ieiiee witli the 3Iieroseope have run parallel for many 
years, altlioiigh the sulijeets ofoiir study have lx*en wholly different ; 
but tlie advantages of his suggestion, eonliniiatioii, and hel}) have 
Ix'OU of constant and iiiestimal)le value to me. lie jdaced Ids kiiow' 
ledge, instruments, and experitmee at my disposd. fully and witlumt 
limit or <*on<litio)i ; and his exee[>tioiial skill in Photo-micrograjOiy 
has enabled me to add much to the value of this book. 

To Count C.\STi{AC.\XE I am imlebted for ^■al liable suggestions 
reggrtling tlie Diatomaeea*. to he used at my diseivtioii : to Dr. 
VAX llEeucK 1 am also under miieh obligation f<'r Ids courtesy in 
jireparing Plate XI, of this hook, giving some of Ids photo-ndero' 
graplde work with the new object-glass of '!•') mm. X.A. I'GO. 
The full description of tins plate i.'' given, wit li some critical remarks, 
in the (lenoi'al Doseiaption of IMates. To the lati' and deeply 



X 


PREl-ACE TO THE SEVENTH EDITION 


lameiiteil Dr. H. D. JIrady, E.K.S., 1 am luuler ol)lig.ation for 
valuable snggestious I'egardiiig llie Foraioinifera. 

From j)i', Hudson I have rec*eived cordial aid in dealing with 
Ids special subject, the Kotitei-iV ; and to Mr. Alheht Michael 1 am 
under equal obligation foi' his assistance in regard to the Aciirina. 

Mr. VV. T, 8uFroLK gave me Ids most welcome judgment and 
ad^ ici‘ regartling m)- chapter on Mounting, and 1 received also tho 
suggestions of Air. A. C'oLE with much pleasure and advantage. 

I have received help fi'om Dr. A. Hill, of Downing (College, 
Cambridge, and from Professor J. X. Lanoley, c)f Trinity College, 
Cambridge — I'rom hotli of wlioin s])ccial processes of preparation 
for histological work wne s(‘Ut. 

Air. Eraxk Crisp, wit!) chfn .icieiistic geiiei'o.sity, aided me much' 
by suggestions of special and practical value ; and Air. John AIayali.. 
jun., the ]irt‘sent Secretary of the. Ko^al Microscopical Society, lias 
been untiring in his willingness to furnish the aid which his intiucnce 
was aide to s<‘eiu'e. 

To Professoi* VV, Hicks, P.lhS., Principal of Firth College, 
Slietfield, 1 am indebted hn the revision of sjtecial sheets ; so also J 
owe acknowledgments to Dr. Hexry CutTON Sokhv, F.R.S., ami to 
Dr. CiUJVES, as well as to others, wliose suggestions, advice, or con- 
lirmation of my Judgments liave been much esteemed ; and pi-ominent 
amongst llieseare Pi ‘o lessor Alfred AV. Dennett. D.Sc., and Professor 
F. Jeffpev Dell, Al.A., whose constant advice in their departments 
o{ Diology 1 have receivial througla.iiit ; wliile in A1 icvo-geologieal 
subjects 1 have ])t‘en aided hv the .suggestions ami experience of 
Profe.s.sor J. WiiEAR.SON Hyland, D.Sc. » 

It will he ol>seiA'ed that every eiidi'avour has been made to 
bring each of tiie many .subjects discussed in thisl)aok into conformity 
with tlie most weent knowledge of e.xpei'ts. Alany of tlie seiHons, 
ill tact, have lieen wholly rewritten and illustrated from new ami 
original sources ; this may be seen in the sections on the Hi.story 
as well as the Construction and Use of the Alicroscope ami its appli- 
ances, as also in those on Diatomaceie. Desrniils, Sa jirophy tes, 
Dacteria, Rotifeia, Acarina, and in tlie eha] iters on AHcroscopic 
Deidogv am! Alfjieraiogv, To tlie .s.ime end nineteen new plates 
have been [)i'epai’e<! and .TOO ;iddition;d woodcuts, manv of udiich 
are also new, and for the use of tlie majority of those which av»> 
not so, I am indebted to the Editors and Secretary of the Uuyal 
Aiicroscoj lira I ScKT'ety , 

There certainly never was a time when the Alicroseopi- wa.s so. 
generally use<l as it now is. Wltli manv, as ali eailv stated, it is simply 
an instrument employed for elegant and instructive relaxation and 
amusement. For tliis there can be notldngbut commendation, but it is 
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desirable tliat even this end slionld he song] it intidligently. Tlie socbd 
influence of tlie. Microscope as an insfj'iiment employed for recreation 
and pleasure will be greater in proportion as a knowledge of the 
general principles on which the instrument is constructed are known, 
and as the principles of visual interpretation are understood. The 
interests of tliese have been s 2 )ecially considered in the following 
pages; hut sucli an employment of the Microscope, if intelligently 
pursued, often loads to moi’e or less of steady endeavour on the pai-t 
of amateurs to understand the instrumeiit and use it to a purpose, 
in some special work, however modest. This is tlie reason of the 
great inci*ease of ' (Nubs ’ and Societies of various kinds, not only in 
London arnl in the provinces, Ijiit throughout America ; and these 
* are doing nio.st valuable work. Their value consists not merely in the 
con.staiit accumulation of new details concerning mmute vegetable 
ami animal life, and the minul^e details of larger forms, but in the 
constant improvement of tlie quality of tlie entire Microscojie on its 
o[)tical and media nical sides. It is hugely to Amateur Alicroscopy 
liiat fJie ile.sire and motlce for tlie great improvements in object-glasses 
and eye-pieces for the last twenty years are due. The men who have 
compfired the qualities of respective lenses, anti have liad .specific ideas 
as to how the.se couhl becaane }i 0 .s,se.ssed of .still higiier qualities, have 
licen comparatively larely tlio.sv who liave einplovct] l:he Miciuseope 
for professional ami eiliicational purposes, Tliev liave tlie lathei- 
simply /ised — employetl in tlie execution of tlieir profes.sioual work 
— the be.st with wliidt the iiractieal ojitician could siqiidv them. 
It has been by aiuateur niicroscopi.sts that the ojtticians liu’ve been 
incite! 1 to tlie production of new and improve<l objectives. But it 
is the men wlio work in oiii' biological and me'lical scbools that, 
ultimately reap the immense ad\'antage— not only of greatly im- 
] amoved, but in tlie mid of greatly dieapemal, obj(*(*t'glasses. It is 
on this account to the advantage of all tliat the amateur micro- 
seopi.st shotild have within his reach a haudliook dealing with the 
principles of liis instrument and hi.s subject. 

To the medical student, and even t<i the histologist and patho- 
logist, a treatise which <leals sjteeilically with flie Microscope, its 
principles, ami fbeir application in practice, cannot fail, one may 
venture to lio^x^s to he of .sel•^■iee. 

This Usik is a practir.il atteiiqil — the result of large experience 
and study— to meet this want iii its latest form; and 1 sincerely 
de.sire tliat it may prove useful to iiianv. 


Lo.sdon : 1891, 


W. 11. DALLINCIER. 
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EXPLANATION OP PLATES 


FRONTISPIECE 

Fig, 1. X 0 Horizontal and Uansversc section of an orbitolite. 

Fig. 2. An imperfect or uncritical image of the minute hairs on the lining 
membrane of the extreniity of the proboscis of the blow-tly ;< i>10 diaras., taken 
with a Zeiss apochromatic j-inch objective of dtd N.A. x it projection eye-piece ; 
but it was illuminated by a cone of small angle, viz. of OT X.A,. and illustrates 
the unadvisability of small cones for illumination. 

The first obvious feature in the picture is the doubling of the hairs which 
are out of focus ; but the important difference lies in the bright line with a 
dark edge round the hairs which are precisely in focus. This is a diffraction 
effect which is always present round the outlines of every object illuminated 
by a cone of insufficient angle. Experiment shows that this diffraction line 
always ceases to be visible when the aperture of the illuminating cone is equal 
to about two-tliirds the aperture of the objective used: but it will become 
again distinctly apparent when the aperture of the cone is reduced less tlian 
half tliat of the objective. 

Fig. d. X .^Iffdiams. A correct or critical image of tlie minute hairs on the 
lining membrane of the extremity of the bluw-tlv's proboscis. In tljis picture 
the focus lias been adjusted for the long centi'al hair. It will be observed that 
this hair is very fine and spinous ; it has not the ring socket which is common 
to many hair.s on insects, but grows from a very delicate membrane, which in 
the balsam mount is transparent. This photograph wa.s taken with a Zeiss 
apochromatic j of 'ffo N.A. x d projection eye-piece. The illumination was 
that of a large solid axial cone of X.A. from an achromatic condemser, the 
source of light being focussed on the object. 

Fig. 4. yection of cerebellum of a lamb, x 77 diams., by apochromatic Linch 

N.A. Tliis preparation was courteously supplied to the present Editor by Dr. 
Hill, whose imbedding and staining processes for these ti.csues it beantifuJly 
illustrates. 

Fig. b. Amiihipleura pelluciila x LStiO diams., by apochromatic I lA N.A. 
illuminated by a very oblique pencil in one azimuth along the valve. 

Fig. <). A liair of Folyxenus lagurus, a M'ell-known and e.xcellent test object 
for me<lium powers x 4!'0 diams. by apocliromatic ] -ffb N.A. 

Fig, 7. A small ves^el in the Idadoer of a frog, prepared with nitrate of 
silver stain, allowing endothelium cells, x 4tl diams,, by Zeiss A. *2 N.A. This 
object has been photographed for the purpose of ex]H).xiiig the fallacy which 
underlies the generally accepted statement that ‘ low-angled ' glasses are the 
inn.st suitable for histological purposes. The supposition that it is so has 
been founded on tile fact that the penetration of a lens varies inversely as its 
aperture; therefore, it is .said, a • low-aiigled ' glass is to be preferred to a 
wide-ungled one, because ‘depth of focus,' whicb is >upposed to enable one to 
sec into tis.sues, is the end in view. 

On carefully examining this figure it will be noticed tliat it is almost 
impossible to trace tlio outline of any jiarticular endotheliuin-cell because its 
image is confused with that of the lower side of the pipe. In a monocular 
microscopical image a perspective view does not exist ; it is better, therefore, to 
iiso a wiile-angled lens, and so obtain a clear view of a thin plane at one time, 
and educate the mind to appreciate solidify by means of foeal adjustment. It 
will be udmitted that unless one approaclios fig. 7 wiili :i preconceived idea of 
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what an endothelium- cell is like, the knowledge gained of it will be small 
indeed. 

Fig. <S repL'eseuts the same stinctui'e, 138 diains., by an apochromatic 
h ’Co N.A. Here only the upper surface of the pipe is seen, so that the ont- 
fine of the endothelinm-eells can be clearly traced. The circular elastic tissue 
is also displayed. Tliere is, moreover, an increased sharpness over the whole 
picture, due to the greater aperture of the objective. 

PLATE I 

Fiff. 1. The inside of a valve of Pleurosigma angnlatmn, showing a 
‘postage-stamp’ fracture, x 1750 diams., with an apochromatic 1-4 N.A. by 
ilr. T. F, Smith, and illustrating his view of the nature of the Pleurosigma 
valve. 

Fig. 2. The outside of a valve of Pleurosigma angulatum, showing a dif- 
ferent form of structure, x 1750 diams., witli an apochromatic 1‘4 N.A. by 
Mr. T. F. Smith, These two photo-micrographs demonstrate the existence of at 
least two layers in the angulatum. 

Fi<^ 3. Coscinodisciis asteromphalns, x 110 diams., witli an apochromatic 
1 inch -3 N.A. 

Fig. 4. A portion of the preceding, x 2000 diams., to show the lace work 
inside tire arcolations. This lacework is believed to be a perforated structure, 
!i.s a fracture passes through the markings. In the central nreolation there 
are forty-six smaller perforations surrounded by a crown of fifteen larger ones.' 
Photographed with an apochromatic ^ 1-4 N.A. 

Fig. 5. Aulacodiscus Xittonii, x 270, by an apochromatic 1-inch '3 N.A. 

Fig. 0. A small portion in the centre of an Aulacodiscus Sturtii, x 2000, 
by an apochromatic 1’4 N.A. Broadly speaking, the difference between the 
Coscinodisci and the Anlaeodisci lies in the fact that in the former the 
secondary structure is inside the primary, while in the latter it is exterior to it. 
This detinition, however, is not strictly accurate, as it is believed that the tine 
perforated structure covers the entire \alve, it being only optically hidden by 
the primary structure. 

The whole of these demonstrations were photographed for the present 
Editor by iii.s friend E. M. Nel-^on, E3(i., and have been reproduced from the 
negatives by a process of photo printing. 

PLATE ir. (Facing p. 274]r 

.\UEANCEMENT oF THE MICHOSCOUE WITH A STAND FoH THE MICHDMETKK 

EYE -PIECE, TO SKCUKE STEADINESS AND ACt CHACY IN MHASUKEMENT 

PLATP: III. (Facing p, 2si;) 

ARRANGEMENT Oh IKK IMICKOSL'OFE AND ACCESSORIES FOR THE EMPLOY- 
MENT OF THE CAMERA LCCtOA 

PLATE IV. (Facing p. .5311 

THE METHOD OF fSING THE SILVER SIDE REFLECTOR OR PARABOLOID 

PL.ATE V, (Facing p. 1101 

METHOD OF L'SINit DIRECT TRANSMITTED LIGHT WITHOUT THE 
EMPLOYMENT OF THE MIRUoR 

Plates 11. to V. are engraved from photographs, taken at tlu* request of 
the Editor by Mr. E. M. Nelson, from the arranged instruments. 

* A section of this diiitnin will be found in the Ti'finfiftrtiiHiS of tlir Coimfi/ of 
Middles^r JLsh/r// Soric-tii for Pinto I. tig. 2. ’ 
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PLATJ': VL (Facing p. 550) 

SKXUAL «KXKKATHL\ oK VOLVnX. (iLOBATOK. (Aftftr Collll) 

Fig. 1. Sphere of Volaox ahiliatar at the epoch of sexual generation : a. 
.sperm-cell containing cluster of antherozoids ; a*, sperra-cell showing side- 
view of discoidal cluster of antlierozoids ; oL sperm cell whose cluster lias 
l)roken up into its component antlierozoids ; rt\ spemi-eell partly emptied hy 
the escape of its atUherozoids ; hb, fiask-shaped gerin-cells showing great 
increase in size without subdivision ; //-, 6'', germ-cells with large vacuoles in 
their interior ; gcrni-ocll whose shape has changed to the globular. 

Fig. 2. Sexual cell, o, distinguishable from sterile cells, 5, by its larger 
size. 

Fig. Gei’iii-cell, with antlien)idfi swarming over its endochronie. 

Fig. 4, Fertilised germ-cell, or ()(ispliere. with dense enveloi>e. 

Fig. 5. Sperin-ccdl, with its contained cluster of antherozoids, more 
enlarged. 

Figs. <). 7. Tjibei'ated antherozoids. witli their flagella. 

PLATE VH. (Facing p. 55:4) 

OSClLLAHIACK-t: AND SCYTOXKMACK.t: 

Fig, 1. Liinfjbjja Lieb. x 100. 

Fig. 2. Sjnyulina Jennen. Ktz. x 400. 

Fig, 5, Tohipothrij- drrJiOsa, Ciivm. x 100. 

Fig. 4. Osciliaria insiqfiLs^ Thw. x 400. 

P’ig, 5. 0. FyoUchii, Ktz. x 400, 

Fig, 0. 0. ioivrynnn, Ktz. x 100. 

These tigiiros aic after Coolie. 

PLATE VIII. (Facing p. .>54) 

DF.SMIDlACK-t:. KIVULARIACK.F. AND SCYTONFMACK.F 
Fig. 1. Zygosperm of MicruSterias- (h uitcjUafa, Brcli. (After llalfs.l 
P'ig. 2. Co-siiKtyinvi Brybismnii,'SU^n. (After Cooke.) 

Fig. ;i. Euasiriiin in’cthwfuvi, Brid). (After Ralfs.) 

Fig. 4. Zygo.sperm of .Sfaitrustrum hir-iutnin. Brcb. (.After Kalfs. l 
Fig. .5. .S'. jrociZc, Kalfs, (.After Cooke.) 

Fig. (■>. XonihuUum (uiilyafu-n, Ehyh. (After Ilalfs.) 

Fig. 7. liivuUiyui dura, Kiz, (After Coc»ke.) 

Fig. E. dura. Ktz. < 400. (After Cooke.) 

Fig. 0. Si’ntofU'uui iiutii'as, lUV'h. x 400, (.After Cooke.) 

Fig, 1(1. Siaurastrun; liirsutnni.'Bvvh. (.After Cooke.) 

PLATE IX. (F.acing p. 5^01 

DEsMIDIAOK.I-; 

Fig. 1. J/wvYi.sfmn.s criJj •JucO'O'nsis. Elirb. (After Cooke.) 

Fig. 2. Clostcrinm setm'CioK, Ehrb. (After Cooke.) 

Fig, 5, Dysutiilinin Sicarf-ii. Ag. (After Cooke.) 

Fig. 1 . iVnO/m dn/Oifs. Ehrb. (After Cooke.) 

Fig. 5. P. dujitus, Ehrb. (transverse view). 

Fig. 0. S/it roOwt w comL'u SCI /((. Bivli. (After Cooke.) 

Eig. 7. Docidium Ixicuhan, Breb. (.After Cooke.) 

Eig. 0. GonafoTfUfoit Drebimnui, He Bury, conjugating. (After Cooke.) 

I'LATE X. (Facing p. 5<i:f) 

I'LKUBOSIOM.A ANtiULATl’M 

Tlii.s is a direct photo-inicrograpli, taken by Dr. h. Zeiss, as magnitiod 4000 
diameters. We direct attention specially to it as giving evidtmee of the pre- 
sence (however originated) of the intercostal niarkings. which may be seen 
with considerable clearness on tlic rigltt-hand side of the midrib and in tin- 
middle of tlie vuive. 
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PLATE XL (Facinf? p. 594) 

This plate has a twofold purpose. It is desi^nied, first, to justify the 
opinions held by Dr. Henry van Honrek upon the structure of the valves of 
diatoms, and also to show how the usual microscopical tests prcseiit them- 
selves when eKRiuined with the new objective with X.A, PliO, lately constructed 
by the firm of Zeiss. This objective i.s believed by Dr. van Heiirck to realise 
\vhat he eousider.s the highest results of photographic optics, which in his 
judgment could only be surpassed by finding a new immersion liquid of still 
higher refractive index presenting all the necessary qualities, mid which at the 
same time would not affect the very delicate Hint of which it ismecessary to 
make the front lens of this objective. 1'lns medium he hopes may be some day 
realised. Unfortunately, up to this time, no indication permits us to foresee 
the discovery of ihe liquid desired. 

The following is the way in which Dr. Henry van Hcurck suininarises his 
ideas upon the structure of the valve:— 

1. The valve of diatoms ' is formed by two membranes or thin plates and 
by an intermediate septum. By this he understands a plate pierced with 
openings. The superior membrane, often very delicate, may be destroyed 
in the treatiucnt by acids in the washing, s, by rubbing. Ac, It is possible also 
that it sometimes only exists in a very rudimentary state. The majority of 
the students of diatoms agree in believing that tiiese membranes may be suf- 
ticiently permeable to permit of exchange by endosmose between the contents 
of the valve and the surrounding outer water, but that these meiubranes have no 
real openings so long as the diatom is living and intact. 

'2. When the openings of the septum are ilisi-iosed in alternate rows, tlieu 
they take an hexagonal form. When in perpendicular rows then the openings 
arc square or elongated, 'i'be hexagonal form, whicli is besides so frequent in 
nature, seems to be the typical form of the openings of the septum, and it 
is found most frequently when the valve i.s large, destitute of consolidated 
-sides, and must offer resistance to outside agents. Even in the forms of the 
square openings we see very frequently deviations and returns to thi; hexagonal 
type upon certain parts of tlie valve. It is possible that the .septa may he 
sometimes composed of many layers, placed one abo\ e another, formed sijcces- 
■sively and closely united ; but up to tins time we liavc no ])roof of it, neither 
have we met with any form presenting layers placed one above aiMther. 

yiich, in brief, is the view held by Dr. van lleurck as an interpretation of 
our present knowledge of the structure of the valve of the diatoms. We give 
now a description of the objects represented on llie [date. 

Figs. 1,2,3. AtnjjJiiph uia ;W//a n/rn Kiitz. 1 and 2, val\'p resolved into 
pearl.s. Fig. 2 x2(iDUdiams. Fig. 1 x .SOOO iliams. Fig. 3. Valve resolved 
in -stri/e at about 2.300 diam.-^. 

Fig. 4. AmpkqAcura LimlJic'uiU'ri, Ui'., 2.aO(J diams. 

Fig. 5, J’h iijvuqiao mqptuuuai, in liexagons, x (about) lO.OOu diams. 

Fig. b. LJein x 2000 diams.. illusory pearls whitdi are formed bv the'angW-^ 
of the lie.vagoital cells when tJie focussing is not perfect. 

Fig. 7. The nineteenth band of Nobeit's test ])laU'. This j'hoto- micro- 
graph has been made exceptionally witli the apocbnunatic j', of H N.A, 
The line? being traced upon a cover in crown-glass, the objective N.A, l-i') 
cannot bo used here. 

Fig. Surirclld gemyna, Ehrb, x (about) 1000 diams. 

Fig. 9. Vitr. HcimJAa cy<xs^ine> r't$,]h(\). (Frnstulia saxouica. Kablp >: 2000 
diams. , 

All the photo-micrographs (except fig. 7) liavf- been dune with the new ' - 
inch X.A. TOO of MM. Zeiss. 

These micro-photographs have been produced bv snniiglit in a immochro- 
nniticfonn, the special conipensating eye-piece 12, and the Abbe condeit.svr rd 
N.A. l b. 

' ‘ The Structure of the Vulva ef Diatom-. ’ in h'e,-,;r(L uf (hr ]{rhii>in SOr n-O- 

V. xiii. ISIKI. . . 
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Covers and slides in flint of P72; diatoms in a medium 2'-l. 

Wc are bound, however, to note that the condenser used is not corrected in 
any way ; its aberrations are enormous, Although the highest admiration must 
be expressed for the skill exercised by Dr. van Heurck in these remarkable 
photo-micrographs, and the highest esteem for liis coui tesy to the present Editor 
in supplying them, it must not be forgotten that Dr. \an Heurck was obliged 
to employ an imperfect condenser- a condenser absolutely uncorrected - and 
although we can testify to the high quality and fine corrections of at least one 
of the lenses of N.A. Id}, we are convinced that much of its real perfection 
in image-forming is destroyed by uncorrected sub -stage illumination. Upon 
the coiTection.s and large aplanatic area presented by the condenser and its 
careful and efheient employment depends entirely the nature of the image 
presented by the finest objective ever constructed ; and as the perfection of the 
objective, with a high amplification and a great apertuj'e, is more nearly 
approached, the more dependent are we upon perfect corrections in the con- 
denser to bring out the perfect image-forming power of the objective. Xo 
image formed by such an objective as that possessing N.A. I'OO can be consi- 
dered reliable until a condenser corrected for all aberrations like the objective 
itself is produced ; ivnd so convinced are we of the possible value of this objec- 
tive that we trust its distinguished deviser and maker may be’ soon induced to 
produce the condenser referred to. 

If, then, by the aid of the chemist wc can discover media which will be 
of sufficiently high refractive index, and still tolerant or non-injurious to 
organic tis.sues immersed in it, a new line of investigation may be open to 
histology and pathology.— H, D. 


PLATE XIL (Eaciiig p. .3110* 

AK.u'HNOiDisuus .TAPOMi'Cs. (After R. Eeck) 

The specimens attached to the surface of a seaweed are represented as 
seen under a ^th objective, with Lieberkuhn illuiuination : A, internal 
surface; B, external surface; C, front view, >liL)wing incipient subdivision. 


PLATE XIII. (Facing p. b31| 

RACTKRIA. J^CHIZOMYCETK^, OR FISSION FUNGI 

1. Cocci singly and varying in size. 2, Cocci in chains or rosaries (strepto- 
coccus). Cocci in a mass (st.'iphylococcus). t and 5. Cocci in pairs 
(diplococcus), I}. Cocci in groups of four (merisinopediaj. 7. Cocci in packets 
(sarcina). A, Bacicriitm frrttto, Ik BacUrinm termo x 4000 (Dallinger and 
Drysdale). 10. Dneferii/ug scpficG-moe hiimorrJ',agicii. 11, BaiUrinm pm u’ 
monia cmqx)S(^. 12. Bacillus suhBlis. 1.^. Bacillus inunsciilicus. 14. 
Bacillus iHplithcrid'. 13. Bacillus tyj'hcsus (Eherth). 10. Spirillum undula 
(Cohn). 17. Spirillum volutans (OjIhi). 18. Spirillum c/io/ens As'ui/ifd'. 

lU, Sinrillum Obenneieri (Koch), 20, Spiruchuta plicotilis (Fliigge), 21. 
rihrio ru^nla (Prazmow.=;ki}. 22. Clodoihrix forstcri (Cohn). 23, Cladothix 
dkhotoma (Cohn). 24, Mimas Okcnii (Cohn). 23. .Vomr.s (Cohn). 

26. lihabdomouas rosea (Cohn), 27. Spore- formation [Bacillus alcei). 28. 
Spore-foi uiatioii {Bacillus anihracis), 2ik Spore- founation in bacilli cultivated 
from a rotten melon (Friinkel and Pfeiffer), .‘hb Spore-formation ^in bacilli 
cultivated from earth (Friinkel and Pfeiffer). 31. Involution -form of Creuof/n'i.r 
(J^opf), 32. Invnlutiou-forms of I’ihrio scipcm (Warming). 33. Involution- 
forms of Eihr/o rugula (Wanning). 34, Involution-forms of Closiridium 
jx)l}jimj,va (after Prazmowski). 35. Involution-forms of SpiriUuin cholera; 
Asiaficic. 3ii. Involution-forms of Bncicriinn aciti (Zopf and Hansen). 
37. Spirulina-form of Beggiotoa alba (Zopf), 38, Various thread-fonns of 
Bacterium vicrismoi)cdioidcs (Zopf). 31). False-branching of Cladothriv [Zopi]^ 
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PLATE XIV. {Facing p. (>64) 

PURE-CULTIVATIO^S OF BACTKRIA 

Fig. 1. In the depth of N7itri<’nt (ielatine. A pure-eultivation of Koch'a 
comma-bacillus {Spirillum cholera AmiHca) showing in the track of the 
needle a funnel-shaped area of liquefaction enclosing an air- bubble, and a 
white thread. Similar appearances are produced in cultivations of the comma- 
bacillus of Metchnikoll. 

Fig. 2. (M the surface of Kutrioit Gelatine. A pure-cultivation of Bacilkis 
ti/phosus on the surface of obliquely solidiJied nutrient gelatine. 

Fig. 3. On the surface of Nutric?it Agar-agar. Pure-cultivation of Bacillus 
itulicAis on the surface of obliquely solidified nutrient agar-agar. The growth 
has the colour of red sealing-wax, and a peculiar crinkled appearance. After 
some days it loses its bright colour and becomes purplish, like an old cultiva- 
tion of ilPicrococcies- prodUiiosus. 

Fig. -1. On the surface of Nutrient Agar-agar. A pure-cultivation obtained 
from an abscess {StaiAiylococciis pyogenes aureus). 

Fig. .5. On the surface of Nutrient Agar-agar. A pure-cultivation obtained 
from green pus (iJaeiUns pyoei{a)\eii.s}. The growth forma a wJiitish, transparent 
layer, composed of slender bacilli, and the green pigment is diffused throughout 
the nutrient jelly. The growth appears green by transmitted light, owing to 
the colour of the jelly behind it. 

Fig. (I. On the surface of Potato. A pure-cultivation of tlie bacillus of 
glanders on the surface of sterilised potato. 


PT i -A'l'E XV. (F aciug p . 7 5t>) 

COMPLETK LIFE-mSTOIlIKS OF TWO SAPROPHYTES 
(Drawn from nature by Dr. Dallinger) 

PLATE XVI. (Facing p. 703) 

The various stages of the development of the nucleus in two bapiupriyuc 
organisms, as studied with recent homogeneous and apochronuitic objectives 
both in the several stages of H.ssion and genetic fusion, indicating Inryoki- 
ncsi.s, and proving, as established in detail by the text, that all the steps in 
the cyclic changes of these unicellular forms are initiated in the nucleus before 
being participated in hj- the whole bodv of the organism. (Drawn from nature 
by Dr. Dallinger.) 


PL.A'l'F. XVII. (Fac’Ug p, 7b2i 


ROTH KR.K 


Fig. 1. Flcscularia eainpanulata. 

Fig. 2. Stephanoceros Kichhoruii 
Fig. 3. Meiicrria r in gens. 

I'ig, 4. Pedalum iiiirum (side view). 

(dorsal view, showing muscles). 
Fig. h. Copetts eerbervs {side view). 


rjg. 7. Pkilodiua acukafa (side 
Hg. h. Male of Pe.dalion mirum, 
-411 these figuies, save tig. 2, are 
in Hudson and Goss's Pvtifera. 


.lew, I'orona expanded), 
reduced to scale from the beaut if u 


plates 


IT^ATE ,\\ III. i Facing ]), 7‘i7 1 

I'dtiAMiMFEli.v 

P®' I' (a and h. hU n\ asiuTts). 

big. Aleeoliva L’o.sra [a. lateral aspect ; h. longiiniluiu! section). 
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Fig. 3. Asirorhim liuiicola (a, lateral aspect; b, 'portion of the test more 
highly raagnitied, showing structure). 

Fig. 4. Ihliphpma Tuma^wwic^ii, showing the pscudo-polythalamous foot. 

Fig. i). lUd. (group of specimens in dUi). 

Fig. 6. Ilai)l^hragmi7/M agr/lniinam (a, lateral aspect; b, longitudinal 
section) r 

Fig. 7. //. 7iatiunt (a, superior aspect; 6, peripheral aspect). 

Fig. H. Testularia gramcn (a, lateral aspect ; b, oral aspect). 

Fig. 9, T. (jranmi (peripheral aspect). 

Fig. Da-. Pavonina fiabdlijonaia [a, lateral aspect ; b, oral aspect). 

Fig. 10. Jhilmmia sjjiunki.vct. 

Fig, 1\. Chilostoniella ovoiAed. (a and h, lateral a.spects; c, sjjeciinen 
mounted in Canada balsam and seen with fransniitted light). 


I’LATE XIX. (Facing p. 790) 

h' 0 K .V I N I K K K 

Fig. 12, Lagena sulcata. 

Fig. Id. Tj. sulcata. 

Fig. 14, L. sulcata. 

Fig. 15. L. sulcata (a, lateral aspect : b. oial aspect). 

Fig. 10. y^odosaria raphanus. 

Fig. 17. Crislcllaria calcar (n, 5, c, latei'al aspcct.s). 

Fig, IH. liamulina glohnlifcra. 

Fig. 19. il. glohulifcra. 

Fig. 20. (llohigciina hidloidcs (var. triloba, pelagic specimen). 

Fig. 21. 6'. bulloidcs {a b, c, adult typical shell). 

Fig. 22, Hotalia BeccarU. 

Fig. 2B. Folystoniclla cratknlala. 

Fig. 24. Ampldsicghm Lessonii {a, superior lateral aspect ; b, inferior lateral 
aspect ; c, peripheral aspect). 

Fig, 2.J. yuiiunulite.s hcviijaia (b, lateral aspect ; c, vertical section). 

Fig. 20. Portion of Orbiloidcs numinulitica. 


PLATES XX, XXI, XXII 

.IL'.^hlNA 

All the figures, except fig. 4, Plate XXII. are copied from platts drawn by 
Mr. A, D. Michael, F.L.S., Ac. by the kind permission of the re^peclivt 
soeictie.'i that publi.^md lliem. Figs. 1 to 0, Plate XX., ami 1 to '6. Plate 
XXL, are from ‘ British Grib at idle,' published by the liay Society ; fig. 7. Plate 
XX„ from the ‘.Journal of the Linnean l^ociety;' tig, 4. Plate XXL, and tig. iJ, 
Plate XX IL, Ironi the ‘ Journal of the Koval Microscopical Society ; ' fig. o. Plate 
XXL, and figs. 1 and 2. Plate XXII., fixtm the ‘ Journal of the Qnekett Micro- 
*^copical Club.’ Fig. 4. Plate XXII.. is drawn after Ftirstenberg by the Editor. 


PLATE XX. (Facing p, lOUS) 
oKinATin.K 

Fig. 1. Anatomy of A of //ntsr/mi'r/ o ca ( male, dorsal a.'pect. ^ about HO). 
The dorsal portion of the chitinous e.\o-fke)erom and the fat and muscles 
which underlie it, have been reinoved fioin tlie abdomen. The internal organs 
arc shown protruding, as they ii^nally do when the ei'eatnre is opened, as 
though they were loo large to be eontained in the ventral e\o-skelcion. Part 
of the oesophagus is seen at tlie top (the brain having been renutved). The 
jireventrienlar glands (bro\^'n) lie cm oaeli side of tlie o sophagu.'.;. The ventri- 
ciilms is coloured pink : part of it and the \^hole of the eiCca are covered with 
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botryojdal tissue (yellow). The testes (white shaded with blue) show at the 
sides protruding fro nr beneath the alimentary canal. . 

Pig. 2. Hoplc^'ihoi'a vuigna (female, lateral aspect, x about 50). The chitin 
at the side and the fatty tissue and muscles have been removed. Alimentary 
canal pink ; ctcca of the ventriculus spotted ; pre ventricular glands brown ; 
supercoxal gland white ; its vesicles yellow ; expulsory vesicle, between 
supercoxal and ovaries, grey ; ovary and oviducts white shaded with blue and 
yellow. The genital and anal plates are open, atid the genital suckers pro- 
tnuUug. One maxilla, white, is seen between the legs. 

Fig. 3. Tegeocranus latus (female, dorsal aspect, x about 55), Dorsal 
exo-skeleton, fatty tissue, and muscles removed. Same colours as before. 
Brain (between preventriculai’ glands) blue grey. Mandibles seen from above 
and behind, their retractor muscles cut short. The tracheae which are present 
in this species, are seen proceeding to their stigmata in the acetabula of the 
legs. 

Fig. 1. Female genital organs of U'^cucranus ( x about 2.5), Vigt. 

Central Ovary, oviducts with eggs, vagina, and ovipositor. 

Fig. 5. The same of DavucHS gcuiailaitis ( x about 20). The genital plates 
and the muscles and tendons which move them, ami the genital suckers, are 
shown. 

These two figures are reduced from the originals. 

Fig. (5. Nymph (active pupal stage) of Tcgcocranns hericiiis ( x about 100) 
(carrying its cast dorsal skins). 


TYROGLYVHID.t: 

Fig. 7‘ Hypopial (travelling) nymph of:. RkizoijUjjiJim Bobini (ventral 
aspect, X 100). 


PLATE XXL (Facing p. 1010) 

OUID.VTlL>.^; 

Fig. 1. Leiosoma i>almicinctiaii [x about 10). ' 

Fig. 2. Nymph of same species, fully grown ( x about o-li. The central 
ellipse with the innermost set of scales attached is the cast larval dorsal 
abdominal skin. The otlier rows of scales belong to the successive irympha- 
skins. 

Fig. 5. One of the .scales more inghiy raaguitieil. 

CHEYLETID.?-: 

Fig. L Kostruni and great raptorial palpi, with their appendages of Chi’j/. 
Ictiis roimtissivius ( x about L30). 


MVUBIID.K 

E'ig, 5. Mgobia chiropteralis (female, x about 125). 


PLATE XXII. (Facing p. 1012) 

Claw of first leg of same species, being an organ for holding the hair of 
the bat. 


GAMASID.Ii 

Fig. ‘2. Ganmus ternhilis (male, x 30), A species found in moles’ nests. 


.XNALGlN-t: 

Jieteropiis (male, x about '.15. a jiarasite of t!ie cormorant). 
Fig. 4, oaTOipfca scabid (the itch mite, x about 150, adult female). 



PLATE 1 . 








THE MICEOSCOPE 


CHAPTER I 

ELEMElsTAIiY PEIXCIPLES OF MICIiOSCOPICAL OPTICS 

Tu )je the owner of e well -chosen and admirably e(| nipped micro- 
scoi)e^ and even to have learnt the geneinl purpose and relations of 
its parts and appliances, is by no means to be a master of the in- 
strument, or to be aide to on ploy it to the full point of its 
etliciency even with moderate nmgnifyinii powers. Tt is an instru- 
ment of ])rec‘isiou, ami both on its meelia ideal and optical sides 
requires an intelligent understanding of /n inclpks befoi-e the best 
o[)tical results can he invaruddy obtained. 

We may be in ii position, with equal facilit}', to buy a high-cda.ss 
microscope and a Idgb-elass harp; but tlie mere possession makes 
us no more a master of the instrument in the one case than the 
otlier. An intelligent nudcrstiUiding ami experimental training arc 
needful to enable tlie owner to ir>e either instrument. In the case 
of the microscope, for the great majorit}- cd' pmqHises to which it is 
a[qdied in .'Science, tlie amount of study and experimental training 
needed is hv comparison ineonqiaraidy less than in the case of the 
musical instnimeut. But the amount reipdred is absolutely essen- 
tial, the neglect of it lieiiig the constant cause of lo.-s of early enthu- 
siasm and not iiifreiptent total fidlure. 

Tn the fiillowing pages u'c [iropose to treat the elementary 
principles of the optics of tlie iid<Tosco[:e in a practical manner, not 
merely laying down dogmatic statements, but endeavouring to show 
the student liow to denionsfrate ami comprehend the application of 
each general jirinciple. But in iloing this we are bound to re- 
member a large sectioji of the readers wlio will employ this treutise, 
ind to so treat the sulqect that all tiie examples given, or that may 
be suhsequeutly rcipured hy the ordinary microscopist, may l>e 
worked out with no heavier thnnand upon matliematics than the 
employment of vulgar fractious ami decimals. 

In like manner, althongli we shall agiiin and again employ the 
ti'igoiioinetrical expression * sine.’ its use will not involve a mathe- 
jnatical knowledim of its meaning;. The sines of angles mav he. 
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found by published tables. A table to quarter degrees is given in 
Apjiendix A of this book, which will, iii the majority of cases, 
suffice ; it is not difficult to find such tables as may be required^ 

Of course it is more than desirable that tlie microscopist sliould 
have good mathematicjil knowledge ; but there are many men who 
desire to obhiin a useful knowledge of the principles of elementary 
optics who are without time or inclination, or both, to obtain the 
large mathematical knowledge requii'ed. 

Now, just as a man wbo is without any accurate knowledge of 
jistronomy or mathematics may find time from a sun-dial by applying 
the equation of time taken from a table in an almanac, so by the 
use of a table of sines the microscopist may reach useful and reliable 
results, although he may have no clear knowledge of trigonometry, 
|)hvsical ojitics, nor the mathematical pi'oof of formula\ 

All microscopes, whother mmple or compotmd^ in ordinary use 
depend for their magnifying power upon the ability ixissessed by 
lenses to refraH or bend the light wliich parses through them. Re^ 
fraction acts in accovdaiiee with the two following laws, viz. ; — 

1. A ray which in passing from a rave medium into a denser 

mediimi makes a cermin angle witlt the aormnl, i.e. tJm perpendim- 
lar to the surface or plane at which the two media join, will, on 
entei'ing the denser medium, make a angle irith ike normal. 

Conversely, a ray passing out from a dense medium into a rarer one 
making a certain angle with the normal, will, on emergence from 
the dense medium, make a greater angle with the normal. 

The ray in one medium is called the incident ray, and in the 
other medium the refracted i-av. 

The incident and refracted" rays are always in the same plane. 

2. The sine of the angle of incidence divided by the sine of the 
angle of retraction is a constant quantity for anv two particular 
mediji. 


When one of the media is air (accurately a vacuum) tlie ratio ('if 
these sines is called the absolute refi-active index of tlie medium. 
As every known medium is denser than a vacuum, it follows that 
the angle of the refracted ray in that medium will he less than the 
angle of the incident ray in a vacuum ; consequently, tlie absolute 
refractive index of any medium is greater than unity". 

Fiii'ther, the absolute refractive index 1*01' anv ]iarticular sub- 
.^anee will differ according to tlie colour of the rav of light enqiloved. 
Tim refraction is least fur the red, and greatest for tlie violet, filie 
difference between these refractive xalues detcimiines wliat is called 
the disiyersive poirer of the substapoe. 

This will be understood by fig. 1 . Let 1 0, a rav of light travel- 
ling in JTiy, meet the surface A K of water at the |>oint C. Tliroiigh 
y ‘ to the siirfiice of the water A B. The 

line N N is called the nornwl to the surface A B. T'he rav 1 C will 
not continue its patli through the water in a straight line to Q ’ lap. 
Ijecaiise water is denser than aii', it will be bent to R tliat is 
towards N The whole enm-se of the ray will be T C R, of wlmh 
titt' Iiaif I c IS rallci (lie indtk„t m,/, ami C li fho nfmeOul mi/. 

’ yfuthriHutiral Tiibh;&, 



THE LAW OF SINES 


3 


The fTnglc I C iiuikes with the nonrial N viz. J C N, is willed the 
angh of incidence ; and the angle K C makes with the normal K' X, 
viz. R C is called the amfle of ref radio a, 

Convei'sely, if a ray KC, travelling in water, meet the surface of 
air AB in the point C, it wull not continue in a straight line, but 
will be bent to tlie point I hirther away from N. Thus, w'lien a 
ray passes from a rarer to a denser medium it is lient or refrai'ted 
toirards the normal, and wlien it passes out of a dense medium into 
a rarer one it is bent or refracted away fiom the normal. 

Finther, if the shaded portion of the figure were gla.ss instead of 
water, the refracted ray RC would be bent still nearer K', and, 
conversely, if the ray passed out of glass into air, it would be more 



I lent aw'ay from the normal than if it had ])assed out of w^ater into 
air. 

The angle of incidence I C X is connected witli the angle of re- 
fraction RCX' (as stated above) by w’hat is known ns 8i i ell's Luv of 
Hines. The constant relation between the two sines for two specific 
me<lia is called the refractive index of the medium, ami is usually 
imiicated in pi'obleins bv the svmhnl ji. 

This law, .stated with reference to the ■tignre, w’ould he : 

MU., 1 X _ refractive index of water, 
sine Rt X 

In TC take any }ioint, P, ami from P draw PT perpendicular 
to XXL Himilarly in R(* take any point. F. and draw FH per- 
pen<licnlar to X X'. 

R '2 
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Xow, U.S sine = «CK'= tl.en, by 

PT 

SncU's law, 

FC 


As any points mav be taken in T C aiui RC if the poijits liaa been 
umve judiciouslvs'electeii, we might liave greatly simplified the above 
ex[>reksiou. Thus, if we take two otliev jioints, K and F, such that 
K C — EC, and draw the perpemlieulavs as l)efore, v\’e slmlMiave 


sine I ^ ^ ^ ” K'C’ therefore 

EC 

But as RC=EC hv coustruetlou, we ran write KC for EC 

KS 


tiuis 


'EY) 






K S 

K C is ea Heel led, wlut'h leavi's , = 

E l> 


As fi can bo experi mental ly determineil for any two particular 
media, it follows that if one <if tile other terms is known, then the 
remaining term can be found. Thus, if p and tlie angdr^ of iiKmlean* 
are known, the angle of refraetion can 1)0 found ; and if p and the 
angle of refraction are known, the angle of ineidenee can he found. 
The unknown cpiuiitity eau l)e found eitiier geomefrieally or hv cal' 
eolation when the other two terms aii' given. 

It will, of course, be understood that, foe the same medium in 
ei ery ease, a red rav would heiit or reffaettMl less than a violet 
ray. The value tlK'vefore of p for a nal ray will l)t' less than that^ of 
ju' for a violet ray. As a [u-aetical illustration ; The nTinctive in- 
dex for a red ray in crown glass is hoi lid = p. and for a violet rav 
b 1 ' 0 ' 2 B 8 = ph the dilferenee being p' ~ p = ’OKU, 

The refractive index for a red ray in (leiist^ Hint glass is I'TOdO 
= p, and for a violet rav is I'ToOl = p', tlie difiereiiet' being // — p 
= ■ 0471 , 

C<.mse<piently there will be a grciiter diftereiire between the bend- 
ing of the refvneted retl and violet rays in tlie eiise of ileiise Hint than 
in the ease of crown gkiss, the angle of the iiieident ray with tin* 
iiorinai being the same in eitiier case. 

AVlu've air (more correctly a vacuum) is not one of the imalia, 
tlieii the refractive index is eidled the i’elfifiir. refi'a^lB'e iinlex. 

4 he lairuv.d to a plntie. .^ar/hce is always tlie perjiendicular to it ; 
the nm'mal to a spherical surfarr, is the radius of euv\'ature. The 
aiigh' of tlie incident ray and the angle of tlie refraeteil ray are 
always measured iriih- the mnmL and not witli tlie snrfice. 

big. 2 shows the aortaah A, U to both a plane and a 

splierieal surface, C D. 

In the case of the spherical surface, H is t.lu' centre of curvat\iro,E V 
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is the incident ray in sir, F(i the refracted ray in crown glass. Tln' 
angle A FE is the angle of incidence, B Ft.} the angle of refraction. 

8ine A F E divided by sine B F 0 is equal to the refrstctivc in- 
dex of air into crown glass, or, in other words, the absolute refractive 
index of crown glass, /n ; thus in this particadar case : 

(Problem) I. : 

sin A F E sin 45° ’707 d 

sin 13 F (r~ sin 28° “ -472 “ 2 “ 


This pi'obleiu, however, is 
this book, for a table of 
absolute refractive indices 
is given in Appendix B. 

It will be clear from 
the above tliat when the 
refractive index, a1)sohite 
or relative, of a ray from 
any first medium is given, 
the refractive index from 
the se<‘oiid to tin* first mav 
he found. 

Thus, the absolute re- 
fractB'C index j.i fVoni air 
into glass being' gi\'en as 


not actually needed by the reader of 
O' 



, find 


the 


reti'aci i \ e 


index frmii glass into air. 

(Proi.lem) 11. : 

; 1 1 2 

0 

When tile absolute 
refr:u-tive indices of any 
t \\t) media are given, the 
relati^•e refractive iinlice.s 
bet ween the media can be 
found. 

Thus, tiie absolute re- 
fractive index /.i of crown 
glass is 1’5, and tlio alt- 
solute refractive index // 
of flint glass is l'() ; find the relative refractive index from citiwn 
to fliut, 

(Probl™)Ill,: 

t' I'O 



i. ‘A— The noiTHiUs to a plane aiiu a curved 
surface. 


The relative refractive index jtd" from flint to crown is determiiual 
by (problem) ii. : 


■ ^ = 1 
I'Obfl 


• 938 . 
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Let us n(nv suppose that in hg. 2 the ray is travelling in tlie op- 
jiosite direction, (1 F in the tlenser medium will now be the incident- 
ray, find F E in the rarer ineilinni will he tlio refracted ray. Now 
if the angle B F (1 Vie iucveased, the angle A .F E vvi]] also I>e in- 



-Ii» phcwmenon ot total rsiicxio,,. (Fr„,„ tlia • Fotcoa of Natoro.’ 
Published by Macmillan.) 


creased in fi 
surface F D, 


grmtei- pfoiwrtion, ami tho ray F E trill appro,, cl, (lie 


^ When F fi ooiiwidcs with 
rniml aw^U of the medium, 
none of the incident light will 


I), 0 F is said to lie incident at the 
wlien tliis critical angle is reaclie<l 
ixass out of the denser medium, but it 
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will be totally reflected from the siirfaco 0 D back into the denser 
uieflinm. 

A simple illustration of tins is shown in fig. 3, It represents 
;i glass of water so held tliat the surfu-e of the we ter i.s above the 
eye. If we look obliquely from below at this surface, it appears 
brighter than polished silver, lind an object placed in the water has 
the upper portion of it brightly reflected. 

The action on all light incident on C 1) in the <lenser medium 
(fig. 2 ) at an angle greater than the critical angle is jirecisely the 
sjune in fiict as if C 1 ) were a silvei'ed mirror, 

A critical angle can only exist in a denser medium, for obviously 
there can be no critical angle in the rarer medium, since a ray of 
any angle of incidence can enter. 

AVlien the I'clativc or absolute refractive index of the denser 
medium is given, the critical angle for that medium oun be found, 
thus: The absolute refractive index of water is l'd3 = p; find its 
critical angle 6. 


(Problem) IV. 


^..11 

Sin 8 — — = ‘/o : 

8 ='48V (found l>y talile). 


f:>o the sine of the critical angle is the reciprocal of the refractive 
index. 

The cimnectioi) bet ween the patli of an incident I'ay in a first- 
medium and its ivfi'acted ray iji a .second medium is estaidisiie<i in' 
the formula 

p sin = p^ sin (j/. 


\\‘here p is the absolute r(Tractive index of the first medium, 0 the 
angle of the iiicident ray in it, p' the absolute refractive index of 
the second medium, and (j/ the angle of the refracted ray in it. 

The angle 0 = d.V' of the incident ray in the first me^lium A F E 

(fig. 2 )' and p = l.p' = the absolute refractive imlices of both the 

media, air and glass resjiectively, being given, tiv < 0 '. the angle of 
the refracted ray in glass. 

(ProV)lem) A". 1 : 

... / u sin 0 1 X .sin 4.V 1 x 'Ti'T 

= 1-5 = IT, 

= 28"^ {finmd lyv table). 

To put another case. Suppose the angle <j/ — 28° (fig. 2, BP' (») 
is given ; find <p^ the refractive indices remaining the same as before. 
(Problem) 2 : 

Sin <i =-706n. 

0 — 45° (found by talde). 

Xow, suppose the A side of C 1) (tig. 2) is itowu glass, p = 1’5, 
and the B side of C 1 ) is flint glass, p' = PO. The angle of the 
incident ray A F E 0 = 45^, find tlie angle of the refracted ray f' or 
BFG. 
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( Problem) V. 3 : 

a sin ({i I'f) sin 4;) l‘5x'707 l‘0b0u 

Sin = i 

(|>^=4:H® (found by toble). 

As a final iustanc-e. Suppose the ray to be travelling in the 
opi*osite direction, so tliat (i F is the incident ray and B F G, or 
be given, the media being the same as in the last ease, 
/=l-()hmd g=l-fi, find (/>, or the angle of the rofraeted ray, 

(Problem) V, 4 : 

/sin o' 1-6 sin 411/ l‘(ix-fi63 hOfiOS ^ 

■ Ih “ =■ 

^=45° (found by table). 

Tlie importance of the la'isiii in practical optics is well known. 

Its geometrical fiwm in per- 
spective and in section is shown 
in fig. 4. 

By means of the above prie 
blems and their solutions we 
are now able to trace the diver- 
ijence of a raif throtajh a prism. 

In fig. 5 let A H(^ repre- 
sent a j>rism of very (U‘ns{‘ Hint 
glass whose a))snlu1c refractivi^ 
indices f for red Vajhl is ]'7. 
and g" for bine light is 1'75. 
Let the IV tract i]ig angle BA C 
of llie prism =50". and let the 
angle of incidence of a ray of 
white light I) E=45° =(^) in 
air. g = 1 . The dotted lines show 
lie. 4. — Tlie ^^tonieti'ienl form of tlje pri^^ui. t\\a a oruxds. Then l)v (proldem) 
(From tilt' ‘ Forces of XaLuro,’, I \ (j/it we have for 

the angle of rc'fraction /. 



sin (ft = 


g sin (jj 1 .sin 45" ’707 


g' “ 1-7 "1-7 

f= 24-/ (found by talile). 


=o.,--41(i; 


And for blue Ji<fhi : 


gsin^i 1 sin 4o° ‘707 

.Sni/'= ,, - = ^. -=^>.^-=•404; 

^ g' l-7o l‘7o 

(found by table). 


Xow, for the red ray draw' E F (fig. 5), 24/ to the normal, and 
let it meet the other side of the prism A C iu F. At F draw 
another normal. 

On the scale of our diagram it is not jiossihle to draw two lines 
E F, one for the red ray ami the other for the bine, for they are too 
clo.se together, their angular divergence being only But hy 
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measiu'einent it will he fbiin<l tliat E F makes, with tlie normal at 
F, an angle ij)^ of 25^'’, and for the blue ray an angle 26 j°. 

It should be remembered, howeo'er, tliat if tlie refracting angle 
of the prism is known, there is no necessity for this measureiiient, 
because it is always the <lifierence between this and tlie angle of 
refraction before deterinined, thus 50'^— 24^°=; 2515°. 


A 



Fig. 0, — Diagram ni cteviation of luminous my by a prism. 


This I'iiy E F now becomes the incident ray (A) the surface A C ; 
and as the .angle it makes with tlio normal at F is known, and as 
the refractive indices remain the same, we can. bv ([)i'ol)lcni) v. 2. 
find the angles of refr'action fur each colour. 

If we take red light : 

u- sin o' 1 '7 sin 251,° 17 x ‘4.“] 

Sm^= = , -= I ='7:!2: 

9>, the angle <if refvaction = 47°' (foinul l)y taldt*). 

If we take blim light : 

ix" sin 6" 175 sin 26 175 x‘442 

, =wU; 

(j), the angle of refraction = 5()||° (found by table). 

This disperfiioH can now In* represented in the diagram, seeing 
that it amounts to 3;[”. 

Jn optics it is eoiivcnient to use an expression to measure the 
dispersive ])ower of diaplianous sul'stances. which does not depend 
on the refracting angle of the prism ouqdoyod. Furtlier, in order 
that various substances may be coiiqiared, tbeir dispersive powei’s 
are all measured with referejice to a certain selected ray, (For tin's 
purpose the Vdsection of the 1) or sodium lines is the point in tlie 
spectrum often cho.sen.) 

* In the crown and flint glasses mentioned on jiage 4 the dispersion 
between tlm lines C and F, in the spectrum, referred to the biseidion 
of the sodium lines T>, is as follows, (,5'own gla.ss: — refractive index 
bisection of line.s 1), T517il=ja; line F. l’r)2d9o=g'; line C. 

Then the dispersive power w 

r>2895 - 1 -ol^do^-OOSli^ 

~ -I'alTh -1' " ^-5179"’" ' 
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The values of tlie same lines for the flint glass are as follows : 
1), l-7174=/j; F, l'7;U89=fi^ C, 1-71055=/C 
/P - 1*7;I489 - 1-71055 ‘02484 

‘"-7:^ 1-1^74 -1 “-7174 


80 the dispersive power of the flint between the lines (J and F is 
slightly iiKU'e than twice that of the crown for tlie same region of 
the s])ectrum. In theal)ove formula the exjiressioii is usually 

written h ii : in full it is tlierefore w = ^ 


Having thus ti-aeed a i-ay 
experimentally through a 
jirism. our next step is to show 
that a CO are. r leos /.v 00 It/ a 
enrred foi'ht of tint st'ch /trisucs 
with their bases in contact, 
as is shown in A. flg. (i. 
where the curved line slio ws 
tlie lenticular character and 
the shaded eiemeuts tlie twi^ 
prisms. A c(.incave lens is in 
eftect two ]nisms reversed, 
that is, with their ajhces in 
contact, as in B, fig. (>, ^\■her(^ 
again, the curved line shows 
tlie form of the lens and the 



g-1 



I 


Fig. fi.— Convex and onneuve 
Icuscsj are relatod to tlio 
prism, 


tio. 7. Proof that a lens may be considered 
as an asseinblaf'e of prisms, (la'om the 
‘ Forces of Xatiire.’) 


shaded parts its relation to a pair of prism.s. The fact that a lens is, 
HI effect, a.s such, lait an as.^pmblage of superpo.sed prisms is seen iii 
tig. 7, the refracting angle of the prism being mure acute as the 
principal axis is approached, and the deviation being grt^iter as tlie 
angle is more obtuse. ' * 


In fig. 8 let OP be the axis in eacli case; then, from what we 
liave seen It is inanifest that vays parallel to the a^i.s falling „„ the 
pnams with 1^11- bases in eontaetami aetine like a eoiivex lens will 
he, lefracteil towayls tlie axis (J P. But in tlie otlier ease, where 
the piusins have their upiees together, as in %. 1) aetini; as a con- 
ovve lens, the light is vefnicteil away I'roni the axis 0 P. 
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II 



Fh;. H, — Action of a pair of prisniJ'; witli their bases in contact on 
purallcl light. 


Tr 

n 

v 

H' 



Fi(i, ib— Action of a pair of prisms with their apices in contact on 
parallel light. 



12 ELE3IENTARY PEI.N'CIPLES OF MICROSCOPICAL OPTICS 


U must, however, be imilerst(.K)(l tliat there is a very iinporfant 
<Iitibi‘Oiice between tlie action of splieileal lenses, irhich is due to tJit 
different positions oj the }wnit(ds. 

Ill the prisms *(%s. 8, h) the inciilent surface A B is a plane; 
aial as tlie normals are [lerpeiuliciilar to it, they must lie pirallel to 
one another, whether near tlie base or near the ajiex. Thus the 
normal at E is jiarallel to th(‘ normal at K ; therefore, wliatever 
anirle T) E makes with the normal at E. U K will make a similar 
amhe witli tlie normal at \\, heca}(se ike noenuds pcmdlel ami the, 
incident caps ace pacallel. 

But in the ease of a spherical lens the normals ace radii \ 
parallelism is therefore im}K)ssibh\ ami parallel incident rays will 
not make eipial anodes witli tliem. and so tlu‘ refracted rays will not 
be parallel. 

Tins oxpIain> how it is tliat wlieu rays jiarallel to tlie axis tall 
on the [irisiu (see fig. 8) those which ]iass thi'ough the iwisms neac 
their bases cut the axis nearer tlie ]irisms tlian those which pass 
through near the apex. 

But ill a convex lens the i-overse takes place ; tln^ rays passing 
through near the middle of the lens cut the \\\\s fti ether from the 
lens than those which pass through the edge of the lens. The 
typical form of a biconvex or magnifving lens is slwjwn in fig. 10. 



Fio. 10. — Froiit sunl edge xiews of n Ij icon vex lens. 
I from the ‘ F<nTes of X at are.;} 


both ill perspective, as .seen from the edgi\ and witli a full view of 
the disc; while the various forms wliich for \arious optical pnrjioses 
are given to lenses is shown in figs. 1 1 and 12. 

Xow, if we study the four following figures, we shall see tlie 
yn'incipil action of lenses on light iiu-ideiit on their sni'tiiees. Fig. 
13 shows that if a radiant is placed at the ]iriiicip!\l fnens of a con- 
verging lens, the i‘ays are rendere<l parallel ; conversely, if parallel 
rays fall on a converging lens, lliey are brought to a priiicijial focus 
ov ])oint upon the axis. 

Hg. 14 .shows that: if a radiaitt bo ]daced he pond the ja'indpal 
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foc-us of a converging lens, the vays are brought to a focus beyond 
the principal focus on the other side of the lens. Tlie nearer the 
radiant is to tlie principal focus, tlie. fartlier away will be its conjngaU} 
focvyS from the other pvinci^>iil focus. In other words, there arc two 
points in the axis siich that if the object is one point its focus will 
l)e the other ; these are reciprocal one to the other. These points, 



Fl(i. 11. —Biconvex, pliUlO'COUVCX, 
and Gonvei'sinfr meniscus lenses. 
(From the ‘Forces of Nature,') 


Fui. I'i.— BiconCcive, plano-ooiicave. 
and diveroini,' meniscus lenses. 
(From the ‘ Forces of Xature,’) 


the focal distances of which can ahcays l)e cak*ulate<h are known as 
aMijnynte foci, 

Should the radiant be at a distance from the princijial focus csjuai 
to the focal length of the lens (i.e. twice the focal length from the 
lens), then its coiiingate will he at tlic same distance from the focus 



Fio, l:j. -A radiant at the principal fccus of a biconvex lens makes the refracted 
rays parallel. 



Fui, U. — A radiant placed bevoiid the principal focus raiises rays to converge 
beyond the principal focus o:i the other side af (lie lens. 


on the other side of tlie lens (i.e. twice the focal length from the lens), 
111 other woiais, when the olijeet and its image are eijuidistant on 
either side of the lens, thev are equal to each other in site, and 
are four times the focal length of the lens ajwrt. 
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elementary principles of microscopical optics 


This la^v forms ii rerttly iiieans of deterniining the focsil lengtli of 
;) l(-ns An object is placed in front of a lens, and the distances 
hetweeii this object and the lens and a screen to receive the iina^^e 
of the object are so adjusted tliat ths inimje of the object becomes 
in she, to the object itself. The distance of tlie ol)ject from tlie screen 
divifled by d flit? fwal length of tlie lens. 

If a radiant be placed betireen a ions and its primdpal focus, the 
ravs on the other side of tlie lens are still direnjeut^ and will never 
meet in a hx-iis on that side. This is seen in %. lo ; hut if tliey are 
traced backwards, as in the dotted lines of fig. 15, they will thmi 



meet in a ])oint. This is called the virtHul coiiju<i<de locus of the 
radiant. Tlie prini‘ii>al focus of a concave (or di\erging) lens is 
shown in fig. Id. It will he seen that the principal focus is not 
retd hut virtmd.^ Parallel rays falling on a concave lens are rendered 



<livergent on the other side of tlie lens, and C(mse<|m*ntly can never 
come to a focus. But if we trace these divergent rays backwards, 
as in the dotted lines of fig. 10, w<‘ find that tliey nu'ct in a ]>oint, 
and this point is called tlie rirttud. fyriiicip(d focus of the lens. 

It will be manifest that sim*e the I’ays in passing tlirough lenses of 
various kinds are naefptAilhi rf/rerted they canmit all nn-et in a 

single focal point. This gives rise to what is a most impiwtant. feat ure 
in the hehaviiair of lenses, which is known as spherical aberration. 

Figs. 1 7 and !8 show the refraction of lays of nionoehroniatie 
^ A real nan l)t> received on a screen, bnt ii riritotl inmpe nannot. 
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light parallel to the axis falling on a plano-convex lens of crown 
glass. These figures illustrate; (1) Longitudinal spiievical aherration 
iincl (2) the focal length of a plano-convex lens and the; point front 
which it is measured, 

(1) In regard to the former it will be seen that the iongitudimil 
spherical ahernition is greatest in fig. 1 7, wliere the pirallol rays 
<tf light fall upon the plane surface, and least where, as in fig. 18, 
they fall upon the spherical surface. For sjjhtrlcal (ihermtion is the 



distance of the focus for any my passhiy through a hna from, the 
principal jotms of that lems. 

Thus in figs. 17, 18, the spherical aherration is F F' for the rays 
R- R^. and F F'''' for the rays R^, and the difference between the 



Fig. IS. — Sjherical aberration. 


spherical aherration of the ravs R^ and that of t!u‘ ravs R- R- is 
FF'-FF, which is 

Thus F F' and F F'' in (fig. 1 7). cV“ = - ; F F and F F" 

in (fig. 18) e/= — ^ • j, where I f signifies tile tlistances FF\ 


F F" resjx'cfively. y the <listance from tite axis where the incident 
ray enters tlie lens, and/tlie focus. 

(2) In regard to the focal length of a ])lano-eonvex lens, it luav 
he incidentally noted that the focal lengtlt in tig. 1 7 is twice the radius, 
measured from the vertex A. that is. A F. Rut in fig. 18 it is twice 
the radius measured from the }K>int A : that is. the }Hunt F is distant 
tVoiu the lens twdee the radius loss two-tlurds the thiekuess ofthe lens. 

It will he seen, then, that the awoHnt of spherical aberration is 
due to tl;e shape of tlie lens, and is least in a Idcoarex kns, when the 
radii of curv.iture are in the ]a'o]i(U‘ticni of fi : 1 . ndien the more enrred 
siirf((ce faces incident light. Hut: when tlie lens is turned round, 
so tluvt the other side faces the incident light, the spherical aherration 
roaches a maximum. 

It would he well for the student who desires to Iw'ome familiar 
with these fiicts, witlumt attempting any profound matlienmtical 
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ffrjtsi) of them, to draw siicli a lens, and trace tlie }ia,t.hs of two rays 
lirough it, one near the axis, the other near the edge ; then do the 
same with the lens re^ ersed. 

Foniuda for spherical al)erration : ^ 

/ / 2,. 2 I 

where / = principal focal length 
index ; and r, — ■/, ladii. 

3 , 

In an ecjui-eonvex of crown, where p = r = j* = f, 


ij semi -aperture ; p = I’efr. 




In a plano-convex (d' crown, where A* ^ jy ~ — ‘ 


/ 


. Here ]iai'allcl ravs are incident nu the convex 

d f 

surface. ]3ut when parallel rays are incident on the plane siirfaee, 
jii = )■ = oo, — r' = c/'= — ^ ; cniis(>(piently the sphe- 

rical aherration is four times as great (see tigs. 17 and 18). 

When — r' = oc, and /.t = l’()h, the jdaiuecouvex becomes the 
form of minimum aberration. 

In a crossed - la<‘onvex lens, wliere — /■' = (5 r, and = 


1 '5 

g /’ = — the parallel rays ))eiug incident on tlu‘ more 

curved surface. 

Formula for tinding the priuci]ial Incus F nf a lens eijuivalent to 
two other lenses whose foci are j/f ' and tludr distance apart d \ 


1 ^ 1 1 _ il 

^ f /' If’ ' 

In figs, 5^ 8, and 9 we see that when tlie incident ray I) E eou- 
sists of (iijht, the colours of which it is coiu]>o>ed are iiuei|iia]lv 
refracted: the two extremes. H (red light) aid V (violet light), lieing 
bent in ditieveut directions, the otlier colours lying between them 
ill their proper order. 

This unequal refraction of the diflercnt colours takes )ilaee in 
like manner in splievical lenses, and It is then known as vltroatHtir 
aherration. 

The effect of tills upon tlie action of a lens is that, if parallel wliite 
light fid! upona convex surface, tiieinost ret'ruiigiiilc of its cnm|K)neiit 
rays (which, as we havi* seen, is the ^•iolet) will he lirouglit to a focus 
at a poiut somewhat nearer the lens than the prinri])a) focus; ami* 
the red ray. having the least ivfrangibilit v, will be brought to a focus 
at a point liirtliev from tin* lens than its pvincijml focus, wliicli is. in 
effect, the mean of the chromatii' foci. 


I Eucyclo}ji('diit Brif, vol, xvii, 

A bicoijvex kiis is said to hv. ‘ cvossocl ’ when the mdii of its .surbu’cs are in the 
pcotKirtion of 1 ; b. 
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This will be fully luiderstood by tliG fud of fig. 19, 

The white light, A A", falling 011 the periijhtTal portion of the lens, 
is so fin* dispersed or decomposed tliat the violet rays are brought to 
a focus at C, and, crossing tliere, diverge again and pass on towards 
F F ; wliilst the re<l rays are not brought to a focus until tliey reaeli 
the point i), crossing the divergent violet rays at E E. The fx-i of 
tlie intermediate rays of the spectrum (indigo, blue, green, yellow, 
ajid orange) ai'e intei'inediate between these two extremes. The 
distance C 1), limiting the violet and the red, is termed the longitu- 
dinal chromatic ahcrration of the lens. 

If the image be received upon a screen placet! at C. violet will 
predominate, and will be surroundetl by a prismatic fringe in wbicli 
blue, green, yellow, orange, and red may Ije distinguished. If on 
idle other hand, the screen he ]>laced at 1), the image will have a 



Fro. 10. -Clil'omatic ftberratiem. 


predominantly red tint, and will lie suri'ouudcd by a serie.s of 
c{»loured fringes, in iinao-ted ortler, formed liy tbe other rays of the 
spectrum whicli liave met and crossed, 

The line E E joins the [loints of interseetion lietween the retl 
and the violet ravs wliioli marks tiie iuran focus, la* the point where 
the dispersion of t lie eoloin-ed rays will be lea^t. 

Tbe axial i'a\' untlergoes neitlier refraction nor disj’.ersion, and 
the nearer the ravs are to the axial tin* less dispersion do thev 
undergo, Similarlv. wlieu the refraction of the rays is greatest at 
tlie peripliery of a lens, there ilie dis]:ersiou will he inosT. Hence 
the periplieral portions of nnrorrected lenses arc stepped out. and 
the centre (snlv often used that the chromatii ahevration may he 
reiluced to a minimum. 

Manifestly, thewfoii', the iXHTection or neutralisation of this 
chromatic ahevration. \\hich is kimun in optics as ^ichromaiisin. is a 
matter of the first moment. Multi}ilied colour tVei between C and 
1) (fig. 19) make a perfect optical image impossilde. . 

It is a (piestion of interest and importance to the microscopist to 
know how aehromaihrn is olitained. 

‘ In a prism the amount of disporsiou i>r nnci|Ual bending of 
R and A (fg. 5) dcjjcnds on two things:- (Ij the nature of the 
glass of which tlie prism is composed, and (”J} the refracting angle 

n A c. 

If, for example, another prism were taken, made of a different 
kind of glas.-, pos,sesslng only half the disiHU'sivi' ]»uwer of that in 
the ligure. but with the angle E A E oO°. as in this case, the separa- 
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tion of R and V would only bo half as great as that offeeted by the 
prism in the figure. , ^ < j . 

Then if another prism were made of the mim maknat as that 
assumed i 2 i fig. u, but ulth only half lU refracting angle, viz. 25°, 
the dispersion between R and V would also be but half that repre- 
sented. Also a prism htiving 50° of refracting jingle gives the same 
amount of dispersion as tliat from a prism of 25° of refi-acting angle, 
but of twice its dispersive power. 

Under these conditions, uben one prism, exactly like another in 
angle and dispersive power, is placed close to it in an inverted 
poStion, the dispei'sion of the first prism is entirely neutralised by 
that of the second liccanse it is precisely equal in amount and 

opposite ill power. 
Tliis will lie under- 
stood by a glance at 
fig, 20. Rut it will 
l )(^ seen that not only 
is dispersion revei’sed, 
Init refraction also 
is neutralised, the 
emergent ray being 
jiainllel to the in- 
cident ray. Tlierefoi’e 
theequaland inverted 
system of prisms can 
be of no [lossilde use 
to the praetical opti- 
cian in tile ciaa'ec- 
tion of h'uses liecause 
the coarerc/ence ami divergence of rays are both essential to the 
construction of optical Instruments. I'be dispersion, in fact, must 
be destroyed without neutralising all tlie I'efraction, 

Suppose we take a prism witli iin iingle of 50°, composed of gl;i,ss 
having a certain dispersive iwiwer. and invert iu*xt it a pi’isni of 25° 
angle, composed of glass having twice the dispersi\ e power of tlie 
fbrjiiev. Dispersion ivill be manifestly ilestroyisl. because it is eijual 
in amount and opposite in nature to tliat ]K)ss(ssed bv the prism of 
50°; but the prism with an angle of 25° will not neutralise all the 
refraction eft'ecteil iiy the jirism of 50°. 

Those eruditions plainly suggest tlie solution of thi' iti'oldem, for 
part of the convergence is muintained win'Ie the wliole of the 
dispersion is destroyed. 

The spherical lenses wdiich answer to tliese prisms area crown 
hiconvex. fitting into a flint plaiu>-conca\'t^ of dnuhle tla> dispi*rsive 
power 

It lias been pointed out abov(‘ that all tlu» other colours lie in 
their pivipev onler between the rays R and V (fig. 5). J,,.t ns .select 

one, green, and rejuvsent it by ()'. \om if (I lies miilwav iietwiam 
R and V in the. prism of 50° o'f angh*. and also la-tween Ji and V' in 
the prism of io® <it angle, its f1is[){‘r.''ion will also he m-utralised. 
This means iliat wlien the dispersion botweea tin* three eifioiirs in 



Fio, 2(1.— Recomposition of light by prisms. (From 
the 'Forces of Xiitiire.’] 
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(Hie kind of gbiss is pioportionnl to tlieir dispersion in the otliei’, 
then when iiny two are destroyed the tliird is de.stroye^l with them. 
This iinfortnnateiy is not the case in jiractice, because two kinds of 
<dass having ] import i 01 lal dispersion powers canrKjt be obtained. 
This, however, is what really happens, (i niay lie midway between 
R and V in one kind of glass, lint in tlje otlier it may lie, for 
instance, much nearer R, say a third instead of half the distaiK*e 
of R from V. Tf now the dispersion of R V be destroyed, (1 will 
be left outstanding. If a ditfevent angle of pi-isin be chosen, so that 
R and 0 ai‘e neutralised, then V must be left outstanding. 

Tins want of propwtion in tlie dispersion of tiie various colours 
of the spectrum in two kinds of glass is termed the irratiomUi^ of 
the spectrum, and the colour or colours left outstanding in a coi rected 
combination of lenses is known as tlie secoatlury speciro.ia. 

In some subsequent jiages we shall liave to call attention to the 
inaiiufactui'e in Chn'inany of some new vitrf'oiis compounds by the 
combination of u liich with tluor s|>ar the secondary s}H'ctrinn lias 
been rciiKJved from mieroscojte objecli\'es. and an apocln'OiiKdir 
system of const met inn lias been introduced. 

Meanwhile, we may remember that it lias only been in compi- 
rativelv recent times that tli(‘ construction of achromatic oliject- 
classes for microscopes iias bi>cn brought about, but the gradual 
enlargement of a}ierture and the greater (‘oiiqh-teness of the cor- 
rections soon after the discovery of achromatism rendm'ed sensible 
an imperiection in tlie performance C)f these lenses under certain 
cireuiiistauces, which had previously pa.ssed unnoticed, and Andrew 
Ross made the important discovery that tlie use of cover-glass in 
mounting mi mite objects introduced alxnratioii, and that a veiy 
obvious difference exists in tlu* precisum of the imago, according as 
it is viewed ea't/c nr a (“oveving of thin glass, an olqect- 

ghiss which mav be pcn-fectlv adapted to either of tlies«:> conditions 
being sensilily defective under the other. 

He also devised the means of corrc'cting this error, and ladilished 
jiis device in vnl, li.of ‘ Transactions of tlie Society of Arts ‘ for 18^17. 

Fig. 21 will illustrate the effect prodiu^ed on the correctioms of 
an object-glass bv the inter]x>sition of a cover-glass between the 
object and the obj(‘etive. 

The ravs radiating from the object O in every direction fill upon 
the cover-glass CC (/i = Ih). thi tracing two deffnite rays, such 
as 0 A and (_> R, it will be found that they will be refracted to R 
and P {shown hv tlie dotted lines of the figure). On theii* emergence 
into air thev will be again refracted in a dinxiioii parallel to their 
first path, and will enter the front lens of tlie ohjective at the 
points M and X. 

Now as iM R and N P, produced, meet in V. it follows that, so 
ftr as the objective is concerned, tlie rays M R, N P might have 
diverged from the }Hdnt Y. 

Himilaily, by tracing two of the less divergent rays from 0 they 
will he made hv the refraetion of the cover-glass to apjiear as if 
they diverged from X. TluM'efore. in ciaisequence of the iMver-glas.s 
the objectivi' has to deal with ravs radiating (fppfO'C/di’v from to'o dis- 

c 2 
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thicl X iUnl Y, If t liore wtn‘e no oovev-glusx all tiio rays would 

(livoigo from O.und then the ohjeotivo wonid require to l)e perfectly 
aphit^ifk'. Tins word (deri\'(Ml from a = [)rivative, and T\ard<»;, to 
wander, i.e. free froui wandering or error) ineansj as used by opticians, 



lhat all the ravs passing t]\rough alenssystein are brmiglittoaiiident i- 
eal coujugale focus, as sliown in fig. 2’2. But as atVect(“d by the cover- 
glass tin* marginal rays tliverge. apparently, from a torus. nenrPi' 
ohjectire than the central rays ; therefore the object l\e, to meet tlii.s 
comlithni. must be wbat is calleil cri,‘trdM : a condition pre- 

sentt‘<l in iig. '23. .so as to focus botli these points at once. lf»‘re the 



cur\ atm-e of tla* surface of the erown lens being iuer<‘ased, tlie iiint 
plauo-eoneave is not sutlieiently powerful to neutralise all the 
sph(*neal aberration of the erown. As a eon^c(jUellee tin* p(‘ri)ilu'ral 
rays are brought to a focus at F'. while tin* central ravs jmss (ui to 
b, il\is is wbat is meant by ' under-eorre<'fion ' in an cibjeet-‘»'lass. 





is pr«*sented, for tin* iiieid{‘nt curve 
of the erown lens has Ijecn llattcnei!, 
wiul(* that of the flint has been 
<let‘peneil. wliieli ineieases the <‘or- 
reetiM* [lowcr of the Hint, and thus 
.... , ,, . destroys the balniiet* of the com- 

octl„..;,,,Ml.mat.n„w,|| „ f„.„s F', « l„l,. tl,' - gntnil 

n.ys wul t,,. at F. Thia is wliat is known as n, 


Fiii. 21. -OveL'-coiTerifd system. 
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An aplaaaiic ohjective, can l)c made into an undoj'-eorrede.d 
objective by (i) caxt^imj the hack lenses of irhkh it is composejl 
to approach the front lens. Tbia is tlie de^■ice of Andrew Ross, and 
is now effected^ by means of a special ‘collar’ arran^^emenl. wliich. 
by the action of a screw, approximates or separates the suitable 
lenses. But for this a special device is needed for each olijective. 
(2) The result can moreover be secured hy cnmin<j th eye-pkce to 
approach the. ohjedire. This of course is acc(3mplished liy the use of 
tlie draw -tube, and must be (an ployed with objectives havin^^ rigid 
mounts, 

Closhnj lenses, that is, bringing them together, whether in the 
objective itself or in the microscope as a whole, l>v shortening the 
distance between the eye-[)iece and the objective, vnder-corrnis the 
objective, that is, gives iu‘gative alxa-ration ; while tlie separation of 
Umes over-corrects or gives positive aberration. 

In using the collar correction ^ for a hmger bodv or a thicker 
cover-glass the collar adjustment must he moved so as to cause the 
back lenses of the objective to approach the front while for a 
shorter body oi' a thinner lajver-glass, the adjustment must be moved 
so as to cause their se paint ion. 

In correctiwj h>j tube lemjth for a thicker cover sliorteii the tulie, 
and for a thinner one hmgthen it. 

For the benefit of those who aim at work with lenses, that is 
such as may be compasstMl with the aid of the most elementary 
mathematics, it may he well to indicate a .simple method for the 
deduction of tlie foci of piano conrer and biconve.c lenses. 

Ill fig. 17 the focus is twice the radius measured from the veidex 
A, that is, A F. But in fig. 18 it is twice the radius measured 
from the jjoiiit A, that is, tlie ]>oint 
F is distant from the huis t.wice- tlie 
radius less two-thirds tlie thickness 
of the lens. 

Kimilarly, in fig. 2:>. the foe ns 
of a biconve.r lens is nu’a.sured from 
the point A ; in other words. F is 
dishuit from the lens tlie length of 
the radius less one- sixth the thick- Fee 25. The focus nf a convex lens 
n(.'.s.s <if that lens (nearly). 

Form nice rchdinf/ to a biconve.r hits. — Where P is oiu‘ ftKuis. P' its 
conjugatty F principal focus (solar focus, or that for a very distant 
ol)je(’t), R radius of curvature for one surface. R’ for tlie other 
surface, p the refractive index of the medium, then 

p+xv=0-i) (ij 

■F={f-1) (k + r' 

1 1 _1 

Fig. 25 a.— Focus of a concave lens. 

' Pee Cliiipter V. 
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elementary principles of microscopical optics 

Also if' r is the disLince of ;i focus from F, the ^yrmcipal focus, 
and 2/, the disO.iice of its (‘Oiijugaf e from the other principal 
focus on the other side, then 

;ry=F F'; 


In an equiconvex lens of crown glass if /i=l'r), K=radiiis of 
curvature. But in a plano-eoii\ ex lens (jf crown glass it p=:l’5, 
F=t\vice the radius of curvature. 

Tn the above formula the thickness of the lens has been neglecte<l.^ 
ill thick lenses, however, its effect mast not lie disregarded, even if 
only approximate results are required. A very approximate deter- 
mination of the principal foi al length of an eipii^unTX lens 
from the sarfaee. may be made by subtracting from the result 
obtained bv the foregoing formnl«T one-sixtb of the thickness of the 
leas. (See fig, '2o.) 

Examjtles. — Equiconvex lens of crown glass g=l‘b, /’= 2 ) thick- 
ness=]-. By above formula F=i Siditraeting from this one- 
sixth of the 'thickness of the lens, we get F==I ys the distmiee 
between Ihe focn.s and tlie surtaee of ihelcns. lliis is only inch 
from the truth. If the lens wane a .sphere it would ]h‘ ueeessiirv to 
suVitract j of its thickness. 

In the ease of a plano-convex lens the priiici[<al focus on the 
convex side is equal to ti' ioe the radius as above, but on tlu* plane 
side tivo-thirds of the tluekuess of the lens nnist be subtracted from 
it. 

In a bemi.splierical lens of crown glass = radin.s=},, thick- 
ness= 7 r, the jn iiu-ipal focus on the convex sidi* will be one ineli 
from the curveil surface and on the plane siile ^ iiudi ti'om the plane 
surface. 

In an eqnicoucave lens the foci are virtual and ai'c ero-sscd over ; 
thus, the lens in fi^, 2a a is eqnlcoiirave, the focus F, instead of heing 
measured from A to tlie right hand, must he measured to the left 
hand; consequently, of the thickne.ss mu.st he sulkraeted from 
the focid length in order to determine the distance of K from llie 
surface of the lens. 

A plano-concave lens follows tlu' [»lano-eonvex, Ind tlie foci are 
virtual and crossed over, From tlie iii'inei(:al focus on tlie curved 
side snbtr.act f of the thiekness, and from that on the plane side 
subtract the whole tliickiu'ss of the lens. 

Examples . — Equicimeave of den.se (lint g=hra, i'adius= — 
thickness |, F hy formulae — : subtract from this -j of the thick- 
ness of the lens, we obtain — L. wliieli is only | ineb too short, 

Pl-aiio-conciive of dense Hint p= 1 *7a, ra<iius= — tbithness J. 
V by forn'iul!i= snbiraet from tliis the tliiekness of the lens, 
fhen F= — ; this is the focal distance from the plane .side. F(tr 
the focal distance from the cui'\'0<l side subtrad ^ of tlu* ibiekne.ss. 
then F= — :jb, wliicli is inch iat long. 

fho 'fyrincipol ffH'tis of a comhitmtion of ttro or laore hitscs. wlmse 
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principal foci and distances art^ known, can he found fi'oin tlie formula. 
- 4 . by assigning for the value of p the di>tauce of the prin- 

cipal focus of the first lens from the secoial, and so on. 

ExciinpU ^ — Parallel rays fall on an eq'uconvex lens of foin‘ inches 
focus. Two inches from this lens is anotlau' e(juiconvex lens of 
three inches focus. Find the distance of the focal point from this 
last lens, to which the rays will be brought. It is evident that the 
rays w'oiTld be bi'ought by the first lens to a focais two inches behind 
the second if it were not there. This point, whi(h is negative with 
regard to the second lens, must he taken ns the value of in the 
formula. We have, therefore : 

11 1 




Hitherto our attention has been confined, in >tudying the action 
of lenses, to the manner in which they act up(ni a bundle of parallel 
rays, or \ipoii a pencil of rays issuing from a radiant point. ^Lore- 
over, we have cnmsidei'ed this point as .situated in the line of axis. 
But the surface of every luminous hotly may l)e regarded .as compre- 
liendiiig an infinite uuiiiber of such poijits, from every one of wiiich 
a pencil of rays [iroceeds, to be refracted in its passage through the 
lens acc<n‘ding to the laws emuiciated. In this way a (‘omplete 
imaye, i.e. pictui'e of the object, will be formed upon a suitable 
surface placetl in the position of tlu‘ ftx-us. 

There are tw’o kinds of image fornuMl by len.ses. a real image itml 
a ririval image. 

1. Tlie formation of a real hnaye means the [H'oduction of a 



picture liy a iens. or a comhination of lenses, which can be thrown 
iijtoii a screen : such are the images of a projediou lantern and the 
image pi oduced hv the camera iipmi thefocus>ing glass. The manner 
in which this takes place will be umlerstooil by rtherence to fig. 2 f>, 
where A B is an object jdacetl heyond P, the prineiftal focus cf the 
a])la untie combination. From evt'ry ]>oint of A B are rays radiating 
at every possiVfie angle. Let AF and AH be two such rays 
radiating from tlte point A. Xow if the refraction of these rays be 
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trju'od, ill the iiiaiiiiei- alrefidy iiKlieated, througli the aplaiiatio eom- 
hiualum, it will he found that the rays which before iinuiergence 
\v('rc divei-ging are by the refraction of the coiabination on ciner- 
•'■ence ivinleved converging. Thus the ray FC meets HC at the 
point C. Tlu' ])oiut C is called tlie cunjngat(‘ focal point of A, and 
wherever there is a focal jioint there will he an image. Therefoi'C, 
at C, there will he an image of A. In the same mannei* the rays 
issuing from every point along A B may be traeed, and will be found 
to have each oia^ its I'e.spective conjugate lying on C 1 ), ,so the con- 
jugate of H is at 1). Hence it is at once manifest that an inmied 
<'onjugate image of tlie object.. A B is formed at C 0. Fui'ther, it 
will be noticed that, altlioiigli the object is straight, the image of it 
is curved towards the len.s. 

If the object A B liad been curved, so that it pi'esented a convex 
aspect to the lens, then its conjugate image C 1) would have lieen 
more curved ; but if A B had been slightly concave towards the lens, 
then its conjugate would have liecoi straight. 

As l)efore stated, tlie ])oint (J has been detenniiual by fracing 
tlie refraction of two I'ays,' A F and A H, tlu'ough tlie lens. Another 
method is, however, often employed. 

In every lens tlieve is a point which is called its optical centre. 
This point is such tliat any ray, which In its refraction througli the 
lens passes through this point, will emerge in a direction parallel to 
its path lieforo iniiiiergcuce. Xuw as lenses for gi'a})hicand theoreti- 
cal purposes are often as.sumed to he of insensilile thickne.ss, it has 
Itecoiae the practice to draw anv ray passing througli tlie optical 
centre of the lens a straight line. (Ihvionsly, if the hms has sensible 
thickness the ray cannot he eoiisidere<l a straiglit line, ami in tlie 
microscope, where the lenses are very tliic'k in proportion to th(‘ 
length of their foci, this mcthoil will lead to miu-h error. (.)f course, 
in tho.se cases wliere it can be taken :is a straight line, it saves the 
trouble of eom pitting a second ray to intersect the first, as anv rav 
intersecting the straight line will determine a eonjngate f<H-al )ioint. 

In the n})per part of fig. 2(i the two rays. A F and AH. are 
traced througli the lens to (letermiiic the point C. hut in the lower 
part of the tigure only the ray BK is traeeil, and the intersection of 
tliis ray by the straigiit line Bit passing thnmgii the optical centre 
gives the point 1). 

An image is .said to lie rirtiud wluui it cannot lie received on 
a screen. Fig. 'Ji shows how a virtual image is formed. The 
letters are the same as in the preceding ligure. so as to show fhe 
analogy between tlie two. The fiiiKlamental differeiu'e bi-twemi 
this figure and the last is that the object A B is pla<‘cd P. the 

principal focus, and tlie lens. 

We liave already .seen from iig. la that when a radiant is jilaci'd 
liefore a converging lens, and nearer to it than its jirincipal foeus. 
the rays emerging from the lens are still divergent eviai after tlieir 
lefraction through the lens; conse<|ueutly tliey will mwer inter.sect. 




FORMATION OF A ‘VIRTUAL IMAGE’ 


iiiid AS tiiere is no focjil point,, there CAn he no screen image. 
Thvi-s two rays rfuliotiug from iJie poijil A of the ol)jer*t A B fail on 
the lens and are refracted in the <lirections A F, AH: tlie.se are 
ilivergeiit and will m*vev nu‘et ; but if the human eye i.s placed near 
the lens, so that it can recei^'e tlie ra^ s F and H, the rays will l>e 
convei'ged liy the lens of tlie eye, and will be brought to a focal 
jKiiiit in the retina, 

Similarly, from ever}' [sjint in A B thei'e will be a conassponding 
retinal point. Now if we produce F and H liai'kwards (see the 
ilotted lines in tlie figure) we shall find that they intersect at tlie point 
C. A.s the rays F and II are precisely idiaitical with rays w hich 
would have diverge<l from the point tJ had it been an entity, the 
retinal imagi^ therefore will be an image of a non-existent pietnre 
0 1 ). 

The inetliod of drawing tliis is exactly similar to that of the 



preceding figure. Tlie rays A F and A II are traced tlirongh tlie 
lens, and their prolongation Viaekwards (see the dotted lines in the 
figure) gives tlie point C. Also, as in the preceding figure, any 
p<nnt' of the picfurecan he fomal hv tracing one rav. sucli as K ; 
then the intersection of its liackward prolongation with a straight 
line joining B with the optical centre, jiroduced. will give D. 

The points C and 1) are called the rliinaJ conjK(jaie fod of A 
and B resjiectively. In inatlieinatical ojitics it a[>pear.sasa negative 
ipiiuititv whieli sati.'^fles an e{|uatioii, and Is a sort of metaphvsico 
mathematical truth. In tliis ca.se the virtual image is convex 
towards the lens. 

Fig. 27 ilbi-strates tlie action of a sim],)lp nii(*roscope. The object 
itself is not seen, but the jiicture presented to the eye is an 
enlarged ghost of it, As some eyes can take in rays of less diverg- 
ence than olhers, it might happen that the rays C F, CH, were too 
divergent for the ohserver’s eyesight, in wdiioli case the lens wsuihl 
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Rave t.() be vith.lrawu from tbe object. Siuubii'ly, if the oUserver 
were sjiort-siditoh the len.s immt be placed neai-ev the object to 
render the ivn.s more dirorgent. Dr. .\bhc [K)ints out ^ that the 
creuevullv adopted notio]i of a ‘linear amidificatiou at a ceihnn 
distance*' is, i\i fiict, a very awkward and irrational way of dehnin^r 
the ‘amplifying jiower’ of a lens or a lens-system. 

In the formula X = tim amplification of one and the same 

svstem vai'U's aith the 101*10(11 of I or the ‘disiance of vision/ and 
tm arbitrary couveutioual value i^f I (i.C- H) inches, or 250 mm.) 
must be introduced in order to obtain com}>arable figures, ibe 
actual ‘linear ainpliticatiou ' of a system is. of cfiur.se, ditfeient in 



Fro, 2s. — The uinplifying power of a lens. 


the ca.-e of a sliort-siglitcd eye. M'hicli projects tlie inmgi' at a dis- 
tance of lOO imn,. and a lon,ir siglited one. uhicli jirojects it at 
1000 mill. Xevcrtlielfss. x\\v ' (tniitltfiiiihj jxitnu'" of e.irr;/ .'ijistem lx 
abnofsi the sam for loth, the /(nd the lotiij-Hiijhled 

ohwvej'S (M<(in the Uii'Vje o/' the same, otject njuler the rttito/l 

(in^le, and con.seijuently the Home renl dhuxeiri' of the reihod hnoijr. 
That this is .so will lx' seen finiii fig-. 2S, where flu* tiiiek lines simw 
file course of tlie ray.> for a sliort -sighted ('ve. and t)u' thin lines lor 
a. long-sighted one, the eye in eaeli casi* being supj'osed at tlie |m>s- 
terior princijial focus of tiie sy.stem. 

Tlic otlicr gcner.’ilty adopted expression of the powru' b\’ X = ^, 

may l>e put ojj a .soiiKovhat more ratiomd basis than i.s generaily 
tlone hy defining the length / (!0 inehes) not as ‘ ilistance of disliiii'l 
vision, lait, rather as ■ ilistancf of ja'ojertinii of the image.’ .\> lar 
as ‘distinct vision js a.s.sinnod for determining the ampliliealion, 
the vidueof X has no real signification at all in ri*gard toan olwiver 

' -humi, /A.I/.A, voi. iv. siii'. ii. p, ;UH. 
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who obtains distinct vision at 50 inches instead of 10 iiu^ies, and, in 
fact, many iiiicroscopists declare tlie ordinary figures of amplification 
to be useless far them because they cannot ol)serv(,‘ the image at the 
supposed distance. It appears a.s if — and many liave this f)pinion — 
the pei'foi'inance of the niicrosco|)e in regard to magnification 
dejieiided essentially on the accommodation c)f the ohsem-ei-'s eye. 
'I’liis misleading idea, resulting from the couiinon exprc.s.‘'ion, is 
eliminated by defining the 10 indies merely as the distance fromtlie 
eye at which the image is measured — whether it he a distinct or an 
indistinct iinage. For, if an observer, owing to the accommodation 
of Ids eye, obtjO ns a distinct image at a distance of 10 feet, I may 
nevertheless assume a [>lane at a distance of 10 inches frcjin the eye 
oil U'ldch the dishint image is virtually projected, and measui'e the 
diamctei- of that projection. Xow this diameter is strictly the sjune 
as the diameter of that image, winch another observer would 
really obtain with distin<‘t ^‘isi(ln at tliat .same dishuice of 10 
inche.s. 

The only difference is that in the former case we must take the 
centres of tlie circles of indistinctness instead of tlie sliar]) iniage- 
pfjints in the latter ca.se. If the conventional length of /= 10 inches 
is interpreted in this way (as distance of projection, independently 
of distinct vision) the alisurdity at least of a real influence of the* 
accommodation on the power of a microsc'Ojie is avoided. It becomes 
ol)vions that for long-sighted and for shoi't-sighted eyes the .same N 
must indicate the .seme \ isnal angle of the enlarged objects, or tin* 
same magnitude of the retinal iinage, because it imlicates the sime 
diameter of the projection at 10 indies distance. 

It was long .since jiointed out hv Amici, that tlie introduction of 
a dro]) of water lietween the front siirfice of the ol)jccti\'e, and 
either the object itself or its covering glass, would diiiiinisli the lo.ss 
of liglit resulting from tlie passage of the rays from the object or its 
covering gla.ss into air, and tlien from air into the ol jeet-glas.s. 
This, wbicii is known us * w atcr immersion.' was. bowevi>r, first sug- 
gested by Sir D. Brewster in 1815. But it is obvious that wiuaitlie 
rays enter the object-glass from water instead of from air. both its 
ref motive and its disp(*rsi\(‘ action will l>e greatlv chaiiiiied, so as to 
need an important constructive inodifical Ion to suit the new condi- 
tion. This mollification seems never to hiivi* l)ei*n siiccessfullv 
effected bv Amici liioiseir: and liis idea remained unfruitful iiiilil it. 
was taken up Ity Ilartnaek. who showed tliat tlie .application of what 
is iKwv known as the o/oec/vie/i susU'in to objectives of high power 
and large ajierture is attended with many advantages not otherwise 
attainable. For. as already ])ointed out. the loss df light inerea.ses 
with the ohlhpiity of the incident rays : so tiiat wlien nhjectives of 
v<*ry wide apertinv are used * dry.' the ads antages of its increase are 
in great degree mdUtied by tlie reflection of a large pro[H)rtion of 
the rays falling very obliquely ujiou the jieriplieral portion of the 
front lens. Wlien. on the other hand, rays of the same obliquity 
enter the penj'lieral portion of tlie lens from water, the loss by re- 
flection is greatly I'ediu'ed, and the benefit. deri\ able from tlie l.-irge 
aperture is piaqxirtionatidy augmented. Again, the Mmmersioii 
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svstoin ’ allows of a i^n'eater W{>vkiiig distaucB between tlie objective 
aud tbe c>bjeot, than is otherwise attainable witli the same extent of 
aj^erture ; aial this is a great advantage in niani|ju]ation, Furtlier, 
the observer is remlei'ed less dependent upon tbe exactness in tin? 
eorreetion for the thiehness of the covering glass. \\-hi(‘li is needed 
where oi)ieetives of large aperture are used ‘ dry ; ’ for as the 
amount of ‘negative aberribion* is far smaller wh('U the rays which 
emerge from tlie covering glass pass into water tlian wlien they pass 
into air, variations in its {bickness [uvaluee a inucli loss disturbing 
effeet. And it is found jtractieally that ‘immersion’ objectives 
ean be constructed with magnifying powers sutllcieutly lugb, and 
apertures siitlicieiitly large, for the majority the ordinary pur- 
poses of scientific investigation, withoiit any necessity for cover-ad- 
justmeut ; being originally adapted to give the best results with a 
covering glass of suitable tliiiiness, aud small departures from this 
in either direction occasioning comparatively little <leteviorati<m in 
their performance. Ibit beyond all these reasons for the sup(Tiority 
of tbe ■ immersion system' is. as will be presently seen, the tact tiiat 
it adiiiits into the lens a largei- number of ‘ dij'mdion spectra' than 
can ]>e possil)ly admitted lay a lens working in air ; and upon tliis 
depends the perfect invsentation of the image, 

The unniersioa spston has still more recently V)e('ii advanced upon 
l)y the application of a principle wliicli lies at the root of the opti<‘al 
interpretation of the images which niode]'n lenses present, and 
wliicli has greatly increased the value of the microsca)pe as aseientific 
instrument. It is an im|:>rovoinent that pi’imarily depends upon a 
cor theoretical understajiding of the principlcsof the coiisU-uction 
of microsca'pieal lenses, and the interpretation of the manner in 
which the image is realised Iw tlie observer. Tbe late Mr. Tolies 
was the first to adopt this system, as we point out suliseijuently : 
hut it is to Professor Ablic we are iiidelded for its ])ractical appli- 
cation, througli wliom it is now known as tlie lannotjeneoas s{/ste)i}. 
The word 4iomogent‘ous ’ was. however, first ajiplied to microscope 
lenses by Tolies as may be seen in the following pissiige. . . . 

' two hemispherical lenses halsain-cemented, with a diatom or <ither 
small object at the centre, logetlier constituting a nearly homo- 
geneous transparent globe' (M. M. J., vol. vi. p, 214). 'The idea 
of realising the various advantages of sucli 'a svsteiii bv constructing 
a certain class of homogeneous objectives liad. Professor Abbe 
says, ^ ’for some time presented itself to his mind.’ ‘The matter 
.assumed, however, suhsetpiently. a different shape in consetpaaici' 
of a suggestion made hy Mr. John \4bre Ste[)lienson, . , . of 
London, who iude|Kmdeiitly discovered the principle of homogeneous 
immersion.' '- 

ibis methotl consists id the replacement of water laUwei'ii th<> 
covering glass of tlie mounted object and the front surfa<'e of tie* 
object-glass by a liipiid having the same refractive and ilispcrsivr 
power as crown glass. Witli such a fluid taking tbe pi ac(‘ of air, it 

i.' ^ ‘ htcphensnivs System HoaiDjreaoas Immersion for Microscopic Objec- 
tives I Abbe), .loom, vol, ii, 187!), p. 2.'>7, 

*' Ihkl. 
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tbllowf? thnt tlie eorreotion collar, though still a refinement and aid 
in the attainment of i.he finest critical images, would be a necessity 
no more. 

The desirnbilitv of the eonstructirm of a combination of lenses 
which would satisfy these conditions was urged by Mr. Stejihensfni 
upon Professftr Abbe, ami he secured the profound knowledge, 
which, as a matlieinatical o])tician he }X)ssesse<l, for the complete ami 
[)ractical solution of the jjrohlems in\'olvcd, iiml the production of a 
remarkable series of lenses, mai-king a distinct epocli in the progress 
of theoretical and [u actical o[»tics. 

Ho had, in fict, as we have liintcd, already ap[ir(:ac]ied the con 
sidevatioii of the subject from aiiotlser ])omt of ^■ie\v, believing that 
petrographic w'ork the study of thin se(Tions of mineral substances — 
fould !»e fn* more elficiently accomplished hy tlie use of homo- 
geneous lenses. But in tlie new aspect in whicli the problem was 
[irosented by Mr. Stephenson it carrier! with it new interest tr> Abhe. 
not only as [u-omising to largely rlis^jense with tlie • cmTection collar.’ 
Imt also to greatly enlarge the ‘ numerical aperture. '.and therr^fore 
secure a gre.ater resolving power in thr* ohjecti\ (\ 

One of the difficulties was P) find a suitalile fluid tr) meet the 
necessities as to refraction ami <lispersi(,n. But after a Inug series 
of experiments Professr)r Ahlie found that oil of cedar w'ood so 
nearly coi 'res [)ou< Is witli crown glass hi tliese res];ects that it served 
tlie 1 nil'] lose well. 

Tlu‘ result of Ahlies calculations based on Mr. ^tephensrm's sug- 
gestion was the emistruction liy Carl Zeiss of a y',,tli with a X.A.^ 
of l-2o of fine (jiiality, and still higher ])romiso. and subserpiently 
of a Tth and a ^|hth in. olijective of a like character. 

It may he well to note that Amici suggesteil the use of oil 
instead of wafer [irior to 18”)(). and Mr. Wenham again revived 
the suggest i<in in 1870.- But neither of these is in even a i-emote 
s(‘nsc an anfieij ation of tlu* Oioniogmicous system ’ of lenses as we 
now understand it. The 'oil iiiiniersiou ' in liotli instaiic(‘s was an 
expedient. The princijile ou which tlie construction cai-ried out hv 
Professor Alibe de[jend(“d was tlie ■ optical ' jirinciple tliat a medium of 
liigli refractive power gives an aperture greatly in excess of tin' 
maximum i)f a dry lens; while Ahlie's explanatiiii. ] roiioumled 

in 1874, of tlie iinpoi'tant hearing whicli the jK'ndJs Irn'e 

oil the format ion of the microscojiic image makes tlie I'csolving 
power of the object glass dependent upon the diffraction pencils that 
are taken up l>y it. 

All this was unkiii>wn or unadmitted liy tliose who liad previoiislv 
suggested oil as an medium, whieli leaves the huiiiogencous 

system as now emplityi'd wholly di'] endeiit upon the prineiplos 
enuneiated l>y Ahhte arising from the praetical suggestion of JSteplieii- 
son and resulting in tlie beautiful oh j, ct -glasses of Ahhe and Zeiss, 
althougli it is liest just to remember tliat Tolies alwavs maintained 
that In’s immersion ol>jee(i\(‘s had a greater a]:erTure tlian 18(>‘-' air 

' Tilt meaning of tliis exinessien will feuiul on Ft but the whole of Cliap. II. 
must ho r-nTi-fully w'ad. 

■ Monfhhj .ihVro, Jounu vol, iii, ]\ iioa. 
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angle. !)i\ Tluyston-Pigott constviictetl first aperture table 
<fiving the rohitive values of dry, watei*, and homogeneous (nascent 
pencil) iuinievsinn obiectives ; it is given in M. 31. J., vol. iv. p, 26. 
(1870). 

One of tlie essential advantages of this system, beyond those 
stated, is that by tla^ su})pression of spherical aberration in front of 
tiie objective, facilities are afforded for correcting objectives of great 
nmncrical aperture, both in theory and jn-actice, that reduce it to 
the le\'el of the prohlein of correcting objectives of moderate 'angle/ 
As a result, stimulated by the iminifest advant,age to he obtained 
and the wants of those engaged in actual veseai'ch, 31essrs. Powell A- 
Lei\land, of Loudon, very soon made a ^hth inch and a i^^ch 
objective (Ui the homogeneous ptauciple, with nuinericrd apertures 
respectively of iNlK, ami duvlng the year IHHo produced lenses of an 
excellence impossible to any previous syst(‘Ui of ^th inch, [Vth ijjcli, 
and \)owcv. having la'spectivcly numerical apertures of 

Lab. while 1*52 is the theoretical maximum. 

The use of a 'correction collar’ in homrigeneous ohject'glasses 
has been dis])ens(Ml with, correction luong obtained h^' alteration (d’ 
tlie t\ihe length solely, hut this must also be aided in eiuleavour- 
ing to secure the most j'orfoct ' (‘ritical images ’ bv a bfxlv-tnbe pro- 
vided with rack and pinion motion: this simuid be of tlic l>est 
(piality. and if the ol jcct-glass is (d' [lerfect eonstvuct ioii aiul of latest 
f)rm (apoehromatie, '/.r.). results ne^’cr ladbre attainable can be got 
with compiarative ease. 

AVith such evidence advau(>e in the optical ctnistiaiction of 
microscopes, dependent apparently on such accessilde conditions, the 
<[uestioii of what is possible in the future of the instrument, no douht 
obtrudes itself; that, however, can onlv he cansideiaal as haviio' 
apjdication to the area of our jireseiit knowledge and rosourei's. It 
is iinpossihle to forecast the futur(‘ ag(*ncies which may he at tin* 
disposid of the ]a-actieal optician. To jiliotograph stars in the im- 
measurable amplitudes of space, absolutely invisible to tlu> human 
eye, however aided, was hardly within the ]mrviewof the astronomers 
(d' a {juarter of a century ago ; that there mav he energies and 
metlmds discoverable by man that will op(ai up possibilities to the 
eager stiuleiit <d' the minute in nature wliich will just as widely 
overstep our present meth:>ds id' ojdical deinonst.i-ation, thejv can he 
little reason to question. Put it is no doui)t true that witli the in- 
stvumeuts amt media now at the disposal <d‘ the practical o}dici:)n 
110 imle finite and .startling advance in niicroscojiic opt its is to he 
Inokt'd for. d’he ‘atom’ is infinitely inaccessible witli aiiv conceiv- 
able sqiplicatum of all the resources within mir reach, lint optical 
inqnoveiuenl of great value, bringing natui'c more and more nearly 
and accurately withinour ken and reducing more and more cel•tainl'v 
the interpretation (d the most ditlicnlt textures and constructions 
in the minutest acct'ssihle tissue to an i’.mvt )oetJiod, is certainly 
within our sight and reach. It i.s not a small matter tliat tin* lioimi- 
geneoirs h'lises were, in a comparatively shoi't i^eriod of time, <*;in‘ieil 
fWitii a >\A. of L25 to I'oO; and this carried with it the cajiacitv 
tlieavetically indicateil. 
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High refi’Jictive media can greatly reduce tlie valm of even tlie 
^vave-lellgth of light, and what i.s possible in the production of vitreous 
combinations, refractive fluid media, and mounting substances we 
mav not forecast ; but, judging from the ptvst, we have by no means 
)‘eached their limit. At the sjime time, it may ])c remembered that 
photo- micrography, by constantly (covering a wider area of applica- 
tion with its ever increasingly delicate othI sulitle methods, is 
more penetrating in the revelation of structure than tlie liiiiiiau 
eye. 

Tt may be taken fm- granted that in tlie present state of optical 
mathematics the opticians, Englisli, Continental, and Ajuerican. 
liave given up the quest of many things fruitlessly sought. Emptv 
iuiiplification is a folly of lenses of the past. Magnification without 
(•(tncuiTcnt disclo.sure of detail is of no move scientific value for the 
disclosure of structure than the [U'ojcction of the j^hoto-microgr.-tjih 
bv :ni electric arc uj)on a ,‘^'reen would b<\ AVliat is neede<l is an 
iwan'- increasing exactitude in tlu^ formation of the diopti'ical image. 
The impel ‘feet ion of this at the focal point springs from two causes ; 
one, as we have just deinoii.^trated, arises from the reskhifd sphericnl 
«n(l chrohfatic aherratlom, the other takes t)rigin in the (tfltomd- 
ifeiieMii, ahsolnte precision, of curve, and perfect cenicrin;/ of ihr. spslem. 
of lenses in a combination. Hiis causes tiie cone of T;tvs proceeding 
from the object to unite, not in pei fect image points, but iu Might 
surfaces of greater or less extent — circles of dissipation '—which 
limits tlie distinctness of minute details, It is the faults of the 
jedive that in i>raetice are alone important, and with the crown and 
thnt glass commonly at tlic disposal of the optician tliere are two 
great drawbacks to perfection, or rather to an approximation to it. 

i. The first arises fiami tlie unequal cour.se of the dispersion in 
crown and flint glass, already desmihed, which makes it impossible 
to unite {lerfectlv, with the [n-operties they po.ssess. oU, Um mlonred 
ratfs ill nil inmije. Ahsoluti' achromatism cannot hy their means be 
attained, the dispersion at diflerent parts of the spectrum lieing 
greatly disproportional. Tt has never been ]>ossible to unite nnu'e 
tlmn two different colours of tlie spectrum. The rest, in spite of all 
I’ffort, ilevinte and form the secondar;i spectrnriu leaving, in the vevv 
finest lenses, circles of ilispersion not to he (excluded. 

'2. The swond defi'ct arises in the impossibility (d’ correcting by 
means of ordiuarv crown and flint glass the splic/'icid (dierratton foi- 
more than one colour. If the sjTierical aberration removed as 
far as may lie for the centre of the >[ieetriim. tlnav nanains under- 
correction for the red. and ovcr-convc/ion for the hlmmand violet 
rays, presenting a want of balance belmaai the chromntic correction.'' 
for tlie central and marginal /.ones of the objective. Although 
perfect cliromatic corrections for tin* central rays n\i\\ be effected, 
giving images of great Ixxuity. the (‘hroiiiatic over-correct ion for the 
[ieri[)heral rays with oblique illumination will show tiie borders of 
tlie image with distinct chromatic fringes. 

To en-n])ensate these aberrations in the eoiistviu-rion of an objeet- 
gla.ss, what is needed is a vitreous material a]iplu'ahle to optical 
imi'poses ]Kis,sessed of siuTi ]tvojHM‘tics that a velati^•ch■ sinalhu- re- 
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fi'iuTive index could be united witli a hij^dier dispersive power, or a 
liigliev refractive index with a relatively lower dispersive power. 
By proper com hi niiti(ni of such materials, if they he provided with 
ordinary crown and Hint glass to partly renun-e tl\e clironuitic and 
spherical aVierratittns independently of each other, and so to ohoy 
tlie comlitions (ui which the roinovid of the cliromatie difference 
depends, these ahervations could lie comjieusatod. 

All this was seen and fully demonstrated and set forth h\ Ahhe 
as far back as 1876/ and he ] join ted out tliat the fiirtlier perfecting 
of the microscope in its dioptrical working was dependent on the 
art of glass making: tlie production, that is to say, of vitreous 
ccmipounds possessing different relations of I'efinetive and disp.er- 
sive power hy means of which tlio secondary spectiaim could he 
remo>'ed. 

For practical })in‘poses the matter was in abeyance until 1881, 
hut since tliat time Dr. Schott and Professor Ahhe, with the active 
co-operation of the oi)tical wcn-kshojis of Zeiss, undertook the 
laborious and })rolong('d investigation into the iinjU’ovement of 
optical glass, to which we have alluded ; the i'e>ult lias hocai the 
[U'oductioii of ‘ crown ’ and ' Hint ’ glass possessing exactly the 
ipialities fcweshown as indispensable by Ahhe. 

By cliej ideal, physical, and optical research of a mo.st lahnrioiis 
nature, and liy spc'ctroinetric ohsi'i'Vatious of numerous experimental 
fusions systematically caivied out with a large varic'ty of chemical 
elements, tlie relation lii'tweeii th«‘ ^']tr^'ous products and tlieir 
chemical composition has been mcn-c closely investigated. 

In the crown and Hint glass pvoiluced up to the time of thest‘ 
Investigation.s. the unifonnity (H‘ property arose from tlie relatively 
small iiumiicr of materials employed. .Muminium and tliallinm, 
with silica, alkali, lime, and lead, fnruied the limit. By tlie use of 
more ehemieal ideiHHUts. especially jihosphorii' and hoia'c aci»l as tlie 
essential constituents of glass Huxes in tiie place of silica alone, flint 
and crown glass have h(>en pnaUiced in which ///r Jis-peraiott in t/i*> 
thjfp.i'Cid ixii'is of tfip is tK'iirh/ pt’opoj'fioiKil \ so tliat in 

achromatic comhiuations it is now a rjuestion of detail and practical 
optics to eliminate almost entirclv tlu' si'caiidarv spirtrum. It is 
untortunato, nevertheless, that a large numhev of tlu'st' g-las,sos. 
especially those of most value to the ojitician. have jiroved to he so 
unstalile in their Ci imposition that opticians refrain fromnsin*^ tluaii. 
It may he hoped that fnrtlier experiment and rese;i]‘cli will griMtlv 
reduce this defect, Dn the otlu-r hand, tlie kinds of glass which 
can he nseil tor optical jiurjioses liavi' lit'eu hi iiiereascil in varietv 
that, while the mean index of refraction is ci nstant. conside)-;ih]e 
\ariuti(ins can he given to tlie dispm'sion or to the riHVactive index 
while tlie dis])er>iuu remains Ci nstant, A high index of retractinii 
is no longer of lave.ssity airompanied liy a lug]) disper.sjou in 
glass, hut may he iriaiiu'd in crown glass witli a low <legree 
of dispersi(!i). 

Tlie ]iractical con.^eijiience of this is tliat both tlie im|.eifrcti( ?)> 


^ Hoffman. A. tV,, Brricht tih r <lir 
iloner At ffc/eOM, Anv^clhnif) iui 


irlusciisfhiitflif'lif'ii Ajtjxiratv tttif tier L'Ot- 
John- ISTlt, 
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from aii ohjectivo of oniiiiavy crown ami 

Hint glass, can 6^, and hxm hmi^ dhiimkd. mid the secomiarv 
.s)>ectvum annulled ; it is I'emovcd and reduced to a residue of 
ciiroimitism of a tertiary cliaracter, while the chromatic difiereuee 
of spherical alierration can he eliminated or completely eorrecteil 
for tico different colonrs of tlie sjieetruiu at once, and tlierefore 
practically for all. 

In tlie lenses formed of the crown ami Hint glass as used prior 
t,<t tlie new German glass, we were provided witii wliat (in com- 
parison with noii-acin (niiatised lenses) were called •achromatic;' 
hut ill the new syst em of lenses, wliicli may be • dry ’ or • homogeneous,’ 
we have so great a freedom i'rom colour defect us to admit of tlieii* 
being designated apochroraatic lamHi («= privative ; ; 

u7rc=from, away from ; 

Thx', p'nictical olHaiued l>y this system of oliject-glass 

construction ai’e so great as in <lelicate researclies to he iinaluahle — 
provided always that the wra-k in all it,s <letails is of tlie most perfect 
kind. The acciileutai juxt.'Giosition of lenses of tiie required curves, 
and, relatively, even the careful selection of lenses not liomogeiieouslv 
relate! I to each other by a unity of purpose and work on the part of 
the practical optician, cannot yield perfect results. 'Divi.siou of 
Iniiour ’ is not com[)atible with perfect results in tiie making and 
building up of an ajiochroniatic lens ; and tliercfurc, in tiieir best, 
tbrni, t:lie.se obje(“tive.s must ajqiareutly command a liigh [irice. But, 
given such an ohjeet-gla.ss — which is the production of a thoroughly 
competent practical opticiati- and its advantages, theoretical and 
[U'actica], are great. 

1. Tkn. aperture of the ohjectii'o. can he utilised to its full erteut. 
In the best of the older object-glasses at Iciist one-tentli of the 
available aperture was useless ; the inalienable defect in the con- 
vergence of the rays prevented a. [)r!)j)er <‘oiubined action of the 
oiiterinost zone and the central pints of tlie a[>eitnre. and therefore 
iiy those objectives it has never l>een possible to realise, the amount ^ 
of re.solving power indicated bv theca'v witli a given ;iperture. But 
in a well -constructed apochromatic objective- the .sectiiidary spec- 
trum being removed, and tlie spliei'ical aborratkiii being uniformly 
corrected for diHerent ])arts of the s[)ertrum — there is a practically 
perfect focal concentration of tiie rays in the image. 

2, f nr reuse of maynifyiny pouer h/f means of specially constructed 
eye- pieces i.s also a most important feature of olijectives of tins class. 
The result of tins i.s that great magnifying [Kiwer can Im? obtained 
by <»hjectives of relati\eiy large fn-al lengtlis, We liave always 
maintained the utility of higii eye-[)iecing under ju’oper conditions, 
and with suitaiiie aj[)ertui'es and fine corrections in the objective; 
the physical brigiituess, we learn from Al)l>e, in e^ ery case deiiends 
only upon the aperture and the total magnifying [xiwer : and it is 
of no moment in what way the latter is produced — by means of focal 
length of the ohjoi-tive. length of tube, ainl focal length of eye-piece. 

' Excepting when resolution is eifecteJ by light of extreme obliquity. If the 
outermost zone of the objective is corrected alone, mid that only be employed, at tlmt 
limit equally good resolution may be accomplished. 
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But ho has further sho^\•u us ^ that with the best objectives of the 
old ooivstnietion, and with large apertures, the Umitfioi a completely 
satisfictorv clearness of image are reached when t]>e ^wjiwr-a.mpHfica- 
tion is four- to six-fold ; that is, when the tobil magnifying power of the 
objective and eye-jnece together is four to six times as gi‘eat as tlmt 
obtained with the objective when used by itself as a magnifying 
lens. On the other hand, withnpochroinatic objectives the available 
s\iper-ampl{hcatiou-— even with the greatest apertures — is at least 
twelve- to fifteen-fold, and considerably higher with medium and low 
objectives. 

3. A^hromatisiii touckes ffimost an ideal poi^it in. these objectives. 
The images are })ractically free from coloiu“ <jver the entire ai-ea. 
This is of great value in photo -mioography. Tlie correction errors 
of the ordinary acliromatic systems are mueh more powerful as 
di.sturl)ing influences than in ordinary ohservati(m witli the eye. 

4. In spite of the removal of the secondary spectrum certein 
colour deviations of a tertiary nature remained, ami are inevitable 
in all objectives of great a[>erture in which the front lens {yinnot 1 m' 
made achromatic by itself. With ordinary !u*hromatic objectives, 
from the })roperties of the glass used, the amount of this is very tui- 
e(}ual in the central and peripheral parts, but in the a[>ochro)natit‘ 
object-glass it is a])pvoximately comtani for all parts of the Oj/fatiwj., 
and therefore it allotrs of correction bp the ei/e-piece., a sju'cial con- 
struction posse.ssing ef/n(d Imt opposite diftereiu'es of magnifying 
power for iliilerent colours. The eyO'piwe is .so constructed as to 
completely secure the desired result, and, as we have slated al)ovt‘. 
images free from colour are oi)tained. 

0 . The dns.^ificafion of the, e/je-pieces foi- this system of objectives 
has been established V)v Abbe, and de]ieuds on the increase in the 
total magnifying power of the microscope (drained by means of tin* 
eyc-piece as compared with that given by the objective alone. Tlie 
uvunbev which denotes how many times an eve-}uccc increase.s the 
magnifying )»(nverof the objective, when uscil with a given body- 
(uhe, gives tlje ]»rop(U- measure of the eve-piece magnificat ion, and 
at the .same titne the figures f()r i':iti\)nal numeration,''^ 

Fr<im their ])ropci'ties these are kixnvn as ‘ com pen.s-i ting eye- 
pieces.' 

Tile following is a fair typical selection of the obji^ctives aial 
eye-pieces funushe<I from the workslmjis of Carl Zidss, of Jena, on 
this iziiportant .system, viz. ; 

' 'On the Rplrttkm of Apovtine to Po\\>r,’ JdiirH. U.M.S. ISsa, p. huiv 

- ‘ Or ImpntvemeatH of tiie ^licrosoupe with the nid of now kiiub of onticftl <d.\<s ' 
(Abbe), /oiov!, R.M.S. 1SS7, p. rf srq. 
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4 8 12 18 27 

It is of intPi’est idiiote that Alossrs. Powell and Lealaud liavo 
since produced a veniarkidde lens on the sane system, hjivin^^ a X.A, 
(it“ 1*50, wiili a power of of an inch. Object-glasses are also now 
made, by other uvakevs, English, European, and American, those 
having fluorite in them being termed apochrumatlc, while others 
made of new kinds ^ 1 f glass are called seuii-ai^Hvchiaunatic. Seini- 
apochromats are being dailv impvan ed. so nnich so that some recent 
ohjective.s nciuly equal apochromatic objectives themselves. 
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CHAPTER 11 

THE PEIXCIPLES ASH THEOliY OE VISIOS WITH THE 
CaMF(HWO MICROHCOPE 

\S'e :u-e uoAv prepared to enter upon the a ppliciRioii of the optical 
priiu'iples whieli have been explained and illustrated in the foregoing 
payes to the comiriictim of microsvopes, I'hese are ilistinguisbed 
■.\y^ simple and compound^ each kind having its pwuliar advantages 
to the student, of nature. Their essential difference consists in tliis. 
that in the former, the rays of light uduch enter the eye of the 
oViserver proceed directly from the object itself, after having l)e.en 
sid)jectpd only to ti change in their course, as we have shown by 
lig.'‘2l), which fnllv explains the action of the simjde lens ; whilst in 
tlie eompo\ind microscope an enlarged iuuo/e of the object is formed 
by one lens, \\hich image is ])iagnihed to the observer l)y another, 
as if he weix' viewing the object itself. In the eompoiufd micrO' 
scope not less than two lenses V)e employed: one to form Oie 
enlarged image of the objeet, immediately over which it is placed, 
and hence called the ohject-tjlass ; whilst the other again magi\ities 
that image, and, being inTerpose<l between it and the eye of the 
observer, is called ej/e-f ass. A perfect ol)ject-glass. as we have 

seen, must consist of a eomhination of lenses, and the eye-glass is 
I vest combined with another lens iutevixvsed between itself and the 
<d>ject-glass, the two together forming what is termed an Cf/e-plece. 
I'lie compound microscope must be the sulvjeet of careful and de- 
tailed cousideratioiv ; but it must be vememliered that tlie shnrtei’ 
the focus of the simple magnifying lens, tivc siiiiillei' must be the 
diameter of the sphere of wdncdi it forms ]iart ; and, unless its 
apert.nr(‘ be pro^wrtionaiely reduced, the distinctness of the image 
will be destroyed by the spherical and chromatic alverrations neces- 
sarily resulting from its high curvature. Y('t notwithstanding the 
loss of light and other drawbacks attendant on the use of single 
lenses uf high powTr, they proved of great ^'alue to the older mici’o- 
scoplsts (among wlmin Leeuwenhoek should Ive specially named), on 
a<-<'ount of their freedom from the eriurs t,o winch the compnind 
luicvuscope of the old construction was necessarily sulpect ; and tlie 
amount of excellent work done hy means of them surprises every one 
wIkv studies the history of microscopic inquiry. An imptudant im- 
provement on the single lens was introduced by Dr. Wollaston, who 
desise<l the douhkt^ still known by his name, wdiich eonsi.sts of two 
plano-convex lenses, whose focal lengtiis are in the. projHn’tion of one 
to three or xiearly so, having their convex sides ilirected towards 
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the eye, mid the lens of shortest foenl lengtli nearest the object. In 
Dr. Wollaston's original combinjition no yiertbrated diaphvagni (or 
‘ stop ’) was i liter jmsed, and the distance between the lenses was left 
to be (letei'inined by experiment in each case. A great improvement 
was subsequently made, however, by the introduction of a ‘ stop ' 
between the lenses, and by tlie ilivision of the j)Ower of the smaller 
lens bettveen two (esjjecially w^hen a very short focus is required), so 
as to form a trvpUi^ as first suggesteil liy ^:lv. Holland.^ When 
combinations of this hind are well constructed, both the spherical 
and the cliromalie aberrations arc so much reduced that the angh' 
of aperture may be considerably enlarged witliout much sacrifice of 
distinctness ; and hence for all, save \'evv low jiowers, such ' doublets ’ 
and triplets' are fin* superior to single lenses. These combinations 
took the place of single lenses among microseopists (in this country 
at least), who were })vosecuting minute investigations in anatomy 
and pliysiology prior to the vast im prove ineuts elfecteil in the com- 
pound microsco}>e by the achromatisation of its object-glasses. 

Another form of simple magniiie]*, possessing .certain advantages 
over the ordinary double-convex lens, is t!mt commonly known by 
the name of the ‘ Coddington ’ lens.^ XI le fir^t idea of it was given 
by Dr. Wollaston, wlio i)ro])ose<l to ap]fiv two plano-convex or hemi- 
spherical lenses by their plane side, with a * stop’ interposed, the 
central aperture, of which .dionld be equal to one-fifth of the focal 
length. The great advantage, of sucli a lens is, that the oblique 
pencils )i:iss, like tlu* central ones, at right angles to flie surface, so 
that they ai*e bid^ little subjeet to alierration. T’he idea wa.s, how- 
ever. greatly improved upon by Hir 1). Brewster, who pointed out 
that the s;nne end would be much 1 letter answered bv taking a 
sphere of glass, ami grinding a dee}) groove in its eipiatoriai }iart, 
which should be then filled with 0 [)a(iuc nmtter. so as to limit 
the central a})(*rture: in other woids, Brewster mmle ollaston s 
}tIano-eon\ex lenses hemispheres, Buch a combination gives )) 
large field of view, admits a considerable amount of light, and 
is equalB' goo)l in nil direction.s ; but its [tower of definition 
is by no means inpial to that cf an achromatic lens, and its 
working distance i.s inconveniently small. This form is chiefly 
useful, therefore, as a hand-magnitler, in whieh neither Ifigh jtower 
nor |)erfect ilelinition is reijuired. its })eculiav qualities rendering 
it superior to an ordinary lens lor the class of objects lor whieh 
a hand- magnifier of medium |K)wer is requirol. Many of the 
magnifiers sohl as ‘Co<ldingtou ’ li'iiscs. however, are not really 
portions of spheres, but arc manufactured out ot ordinary <louble- 
convex lenses, and are therefore destitute of the special atlvantages 
of the real ' Doddington.' The * Btaniio})e ‘ lens somewhat i-esembles 
the preceding in a})pearance, but differs trom it essentially in 
lU’onerties. It is nothing more than a double -cmivex lens, having 
two surfaces of unequal curvatuias. se})arated from eacli oilier by a 

^ TrfOiSHc'ti'aiis 0/ f/e’ .SociVt/y (it .Ir/.s, Yol. 

‘ Tins name,, liowever, is most inapproiinatr, since Mr. Cotltlinsum neither was. 
nor ever cliiimwUo be, the liiventoi of the m- 'dr of const I’cction by which this lens 
is distingnishetl. 
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coiisirlei'iil>Ie tliicknoss of glass, the distance of the two surfaces from 
each other being so adjusted tliat when tiie more convex is turned 
towards tlic eve minute objects placed on the otlier surfiice shall he 
in tJie focus of the le))s. This is an easy mode of applying a rather 
high iiiagni lying power to s(*alcs of butterflies’ wings, and other 
similar flat and minuto objects, wliich uill readily adhere to the 
surfiice of the glass; an<I it also serves to detect the presence of the 
larger aiiiinalcules or of crystals in minute drops of fluid, to exliibit 
the ‘ eels ' in paste or vinegar etc. A modified form of the ‘ Stan- 
Iiope’ leii.''. in which tlu‘surfa<‘e remote from the eye is plane instead 
of convex, has been brought out in France under tlie name of 
‘ Stauhoscopef and has been especially ap})lie(] to the enlargement of 
minute pictures photographed on its plane siirfime in the fx'U.s of its 
con^'ex .>in'tace. A good ‘ Stanlioscope,’ magnifying from 100 to 150 
dia meter. x. is a very con\'enient tbrm of hand 'magnifier for the 
recognition of diatoms, ijifasoria, At*., all tliat is recpiired being to 
place a ininnte drop of tJie lupiid to be examined on the plane 
surface of the hms and then to liold it U])to llie light. Ihit no hand 


lenses we lane yet seen will compare with the 8teinlieil Moups’ of 
six and ten diameters made l>y 2ei.ss, and Rekhart/s pocket loops. 

For the ordinary purposes of microscopic dissection si)i(jh lenses 
of from d ineiies to 1 inch focus answer veiy well. Rut wlum higlier 
powers are refpiired. and ^\'hen the u.se of even the lower powtTs is 
continued fa* any length of time, great ad\antage is derivial from 
the emiflovinent of aciirmnatic combinations, now made cxpi'ossly 
for this puqxrse by several opticians. The Stcinheil combination's 
give luucii more light thaii single lense.s, with much better defliiif inn, 
a very flat fiehh longer wrirking <listance (which is verv impoifant 
in miinxte dis.sectiou), and. ns a c()nse(juenc‘e, greatm* ‘iiical dejflii ' 
or ' penetration, i.e. a <-learej' iew of those parts of the object 
which lie abov(' oc below the exact local plane. And only those 
who have carried on a piec(‘ of minute ami difficult diWtion 
through .'several conseeutive hours can appreciate the advantage in 
comfort and in duninishe^l fdtifjtfe of et/e which is gained 1)\' the 
sTdjstitution of one of tliese achromatic ('(anbiiiations for a single 

I lens of <*(|i]ivaleiit focus, even w here tin* use of tlu' 

j| formej' reveals no detail tliat is not iliscerniiile bv the 

K Although luA strictly its [losition. it is emiveiiieiit 
II Iiere to ri'fl'j' to what is known as tlie ‘ Itriicke lens 
II it is much used on the Continent. Init does not ap- 
II pear in any Engdish treatise we have .seen, ft lias 
H two achromatic len.ses for the objective, ami a coiu\’n-e 
^ eye lens. It is illustrated in fig. '251, 

1,1 To remedy the ijiconveiiience of the lens lieiiig too 
^ an ii i ii im I J elose to tlu' object in all hut low powi'cs, Charles 
Fig. 29 .-T]ifc ^^'hevaliei’, in liis 'Manuel du 3Iu’r<»gra jilu- ’ (18:1!)), 
Bi-iichc lens, propo.sed to place above a doniflet a concave acliro- 


Ictis, the distance of ^\■hicll conld be varied at 
pleasure. Ihc effect of thiscomlnnatioii is to im-rea.se the iiiagnifviim 
IX)wer and lengthen the focus. Thus arranged, tliis instrument' will 
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lie the most powerful of all simple niieiuscopes, ami the space 
;f\'ailablc for seal]>els, needles, lI’c. will be much greater than 
>\ ith a doublet alone. The further the coiica\ e lens is removed from 
the latter, the greater will be the amplification.* Even in this, 
however, Chevalier had been anticipated l)v Professor Joblot in 
1718. 

This coinl)ination, applied to lenses Eir examining th<^ eve and 
skin, allows the use of doublets which leave a eonsideiable dlsUince 
:ibove the object, and it is tliis ich^a wlii(‘}i lias governed the eon- 
struction of tlie Brii(‘ke lens. 

‘ The lens has a very long focus, and the cmistrm'tion is tiiat of 
the (lalileo telescope as applied to opera -glasses, b\it the amplifica- 
tion of the objective is much greatei- than that usually ohtaiiiorl in 
opera-glasses. The focus is about G cm., and the [) 0 %\er three to 
eight times. The latter powder is oijbained liy lengthening the tube, 
1)V whicli means the distance between the t\vo lenses is much 
enlarged, ainl the amplification increased without inconveniently 
modifying the focus.’ 

This lens may be used in place of the body of a compound 
micros(‘ope, wdien it is desired to dissect or to find small oT)jects, or 
it can be adapted to a simple microscope or lens-holder, with fi’om 
to 8 cm. betw’een the object ami objective. But the Briieke lens, 
like the (bdileaii opera glass, has a very small field. 

Compound microscope.-— The compound microscope, in its most 
sim])le form, cojjsisbs of only two lejises, flie ohjed-fjhss and the 
ei/e-(jlass, and is a Kej>Ierian teIe,sco])e adapte<I for l iewing l ery ncaj- 
objects. The formei“ receives the light-i-ays direct from the (>bject 
brought into near proximity to it, and forms an enlarged 1)Ut itu'erted 
and reversed image at a. greater distance on tlie other siiie ; whilst tlie 
latter receives the rays which tire diieiging from fliis image, as if 
they proceeded from tin object actually occupying its })osition and 
enlarged to its rlimensions, tind brings these to the eye, so altering 
their coiu'se tis to iimke that image .appear far larger to the eye, piv- 
ri.seiy as in tlie cti.sy of the simple microscope. It is obvious that, 
ill the use of the verv stuiie lenses, a considerable variety of magnify- 
ing power mtiy be obtjiined by merely tdtering their position in regai-d 
to each otlier and to the olijcct. For if the eye-glass he carried farther 
from the nhject -glass, whilst the object isapjiroxiniated nearer to tlie 
latter, the image will he formed at .a greatei' distaiii'i^ from tin* object- 
glass, and the dimensions of the magnified image will consequently 
be augmented ; wliil.st, on the other liand, if tlie eye-glass be brouglit 
nearer to the object-glass, and the object removed further from it, 
the distance of the image from tiie object-gla.ss will lie le.ss than it 
was before, and tlie dimensions of the iiiagnilied image will l>e 
correspondingly diminished. The ani|>lificatiou may also varied 
liy .altering llie magnifying jKiwer of tlie eye-jiieces. Tn jiractice, 
variations in power must be obtained by altering either the objective 
or the eye-piece, or Iwth, and the use of tlie di'aw-tnbe for this 
purpose must be altogetlier abandoned, because objectives are 

’ Robin, C., Train da MicroHcope rf drs lujirtions, ‘2n(l ed. Svo. an. :U. 
Pans, 18S7. 
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(orrected for a certain length of di'aw-tube, and, in order that they 
may work etlicieutly. that definite length of draw-tube must he 
maintained. 

In general it is not advisable to use with an achromatic objective 
a greater su|>er-aiiiplifieation than can be obti\ined with a lO-power 
eye-piece, or with an apochromatic objective that yielded with a 
12 or 18 power one. 

We shall faeilitate the comprehension by the student of the 
principles (tf the modern foi'm of a compound inicrosco|)e by means 
of fig. do. In this figure tlio optical portion, that is, the objective and 
oyc-pioco, are drawn to the full size, but the distance between these 
has, from the e.xigencies of sj)ace, been much cmtailed. A low- 
[)ower (dijective has been specially cliosen foi- simplicity, and a com- 
pensating eye-piece [ride Cha])ter V.) has been introdiu'ed to show' 
its form and mode of action. 

The ol>joctive is a co})y of an old Ross 1-incli of 1856, The 
inci<lent front (tliat is, the lens on which the incident beams from 
the object first strike) is a conve.x of long radius ; the incident sur 
face of the fiint lens of the back combination is a concave of very 
lo?ig ratlins, being in fact) about tweiily inches. 

The object F has only rays drawn from one side in ortler that 
a cleai’or perception of the patli of the rays may be seen. This [)air 
of rays passes from the arrow (object) through the combination of 
lenses forming the objective, giving an iiu'erted real image at A B. 
This Image, in fact, has a convex curve towards the eye-piece: this 
is a position that, ill tend to increase the curvature of the virtual 
image CD given by the eye-})iecp, the inverted image (A B) at tlie 
diaphragm of the eye-piece being the subject of still furtlier and 
often great magi n float ion. 

Tn addition to tlie two lenses of which the compound microscope 
may be considei'cd to essentially consist, it was soon found neeilful 
to introduce anotlier lens, oi' a i-oinbi nation of lenses, between the 
object-glass and tlie image formed by it, the pur[)nse of this being 
to (diange the caur.se of tlie rays in such a manner that tlie image 
may be formed of dimensions too great for tlie wliole of it to 
come within tlie range of tlie eye-glass. As it tbus allows moi>e nf 
the object to be seen at once, it has lioen called tlie fidd-iflass : Imt 
it is now’ usually considered as lielonging to the ocular end of the 
instrument, the and \\\\^ JieJd-fjhiss heiiig together termed 

eije-piece, or octdar. Various furuis of tliis eve-[neee liave been 
]»ropo.sed by different o]iticians, and one or another will be jirefcrved 
according to the pnrjKisefur whieli it maybe reipiired. That which, 
until tlie construct ion of the conipeiisation e^■e-]>ieces bv Alilie, was 
considered the most advantageons to employ with aehroinat ic object- 
glasses, to the ]>erformance of which it is desired to give the greatest 
possible effect, was termed the Jftiifnhendin, having been employed 
by Huyghens for liis telesco|>es, althongli witbout tlie knowledge of 
all the advantages wliieli its best construction renders it capable of 
affording. This eye-pieee, with others, will be considered in detail 
in the chapter (v.) given in jiart to their consideration ; but this 
eye-piece consists of two plano-convex lenses, with their ]ilane sides 
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towai'ds the eye. A ‘ stop ' ov diaphragm, B B, must be placed 
between the two lenses, in the visual fociis of tlie eye-glass, which 

is, of course, the position wlierein tlie image of the ohjec't will be 
formed by tlie rays brought into convergence by their passage 
t lirough th(' field-giass, Huyghens devised this arrangement merely 
to dimiiiish the spherical abeiTation ; but it was siibsetpiently shown 
bv Boseovich that the chromatic dispeision \\'as also in great part 
corrected by it. With tlic aj^ochromatic lenses of the highest and 
best cpiality (see Chapter y.)no amount of obhxiriable eye-piecing, if 

it, he of the ‘ coinpeiwition ’ form, can break down the image. The 
editor lias tried in vain to break down tl\e image formed by a 
*24 mm., a ] 'l mm., a (5 mm., and a 4 mm,, ail dry apochromatics 
bv Zeiss, and especially witli a |th by Powell and Lealaud. It 
is. however, a matter of moment and interest to note that with 
(jtml objeetive-s of the ordinary achromatic construction of large 
X.A. tlie compensating eye-pieces give better results than 
Huyghenian . 

But of the old form (d' acliixmiatic object-glass it is true of the 
inajoritv that they will not hear high eye-])iecing. ‘ B,’ im-h in 
focus, is a convenient and useful eye-piece for viewing fai-ge flat 
objects, such as Transver.se sections of W'ood or of echinus- s]>ities, 
under low magnifying powers. A fbit large field may he obtained 
l>y means of a Kellner ; but, on the other hand, tbei'e is a verv 
serious falling oft' of defining power, wdiich I'emhu’s the Kellner eye- 
piece misuitalfle for objects presentiiig inimiie st ructural details ; 
and it is an additional objection that the smallest speck or 
smear upon the sin-face of tin- fiehl -glass is made so unplea- 
santly obvious that the most carefid ch-ansiiig of that snrfa(“e is 
ref|uired (weyv time that tliis eye-})iece is used. Hence it is 
lietter fitted for tlie occasional display of ohjei-ts of the eharacter 
already specified than foi- the scientific requirements of the working 
microscopi.st. 

A ‘positive 'or Kainsden’s eye-piece — in which the field-glass. 
w'ho.se convex side is turned upwards, is jilaced so mui-h nearer the 
eyC'glas,s that the image formed by the olijective lies ladow instead 
of above it — is sometimes used for the purjuise of micrometry, a 
divided glass bfing fitted in the exact jdaue occupied bv the image, 
so that its scale and the image are botli inagunfied ttigidber liv tin* 
lenses interposed lietweeii them and the eye. The s;nne end, liow- 
ever, is aKo attained with the Huyghenian eye- piece, and it is 
doul)tful if any advantage is gained liy tlu' Uaiusdcn in microscojto 
work. The eomjK'iisiting eye-piece is also used in conjunction 
with the micrometer. 

Aperture in microscopic objectives and the principles of micro 
SCOpic vision. — It is now- of tlie utmost moment that we sliouhl 
niulcrstaiid clearly the meaning and importance of ‘ajierture' in 
microscopic objectives, and by that means lie led to a pi'wqftion of 
the principles of the most recent and only rational tlieorv of micro- 
scopic vision. Within the last twenty-five years this entire subject 
lias undergone a rigorous and (‘xliaiistivi*’ ndnvestigation by mio 
of the uio.st competent and masterly matheinaticid and practical 
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optician.s in the vv()r]<l, Profes.sor Abbe of Jo no ; and, fi.s a resiilt, 
some of the judgments and opinions, as well as what were suppo.se(l 
to be established truths, depending apparently upon the simplest 
piinciples, and n(}t believed to Im open to change, have been shown 
to be absolutely without foundation; while principles hitherto quite 
unknown and unsuspected have been .shown to operate and to rest 
t>n clearly demt)nstraljle iiiathematical and pliysical bases. The 
result has been a coiiqilete revolution of what wei'e held to be 
fnndamental [irinciples of micro.scopio optics aiid the theory of 
vision with microscopic object-gla.sses. 

Profe.ssor Ahhe (‘ontends that one of the foremost ei roi's relates 
to the mode in which microscopic images are formed. It was 
assumed that their foi'matif)ii took place on ordinary dioptric 
principles. As tlie camera or the telescope formed images, so it 
wjus assumed that the image in the com|>ound microscope was 
brought about. The delicate and complex structure of an insect's 
scale or of a dii\toui were 1>elieved to form their images acconling to 
the .same pre<*ise dioptric laws by which the image of the moon or 
IMars is formed in the tele.scope. Hence it was taken far granted 
that ever\- function of the mici'oscope was determined by the geo- 
metrically tracealde relations of the refracted I'ays of light. We 
would nevertheless remark that \'isihility of detail in, for example, 
the moon de[)ends on the a[)ei‘tnre of the 1elest*ope; of {*ourse. what 
is known as its ‘ aperture ’ is sinijily e.stimated by the diameter of 
the object-glass, 1) lit accuracy H[)pears to i'ef|uire that n sin u = a 
ought to he applied to tla‘ telescope. Jn practice the diaiiieter is 
taken coiiventionally foi' the .sake of sinqdicity, as it makes no 
iiumerk'al difterenco, because the sines of small angles such as are 
dealt with in the telescope are pro|)ortionaltotlie angles themselves. 
The microsco[»e, on the other hand, deals with large angles; com 
serpiently the sine cannot Ix' disjiensed with. 

But Professor Abbe argues tlmt a close examination in theory 
and practice of the conditimis of vision with microscopic objectives 
shows that sneh an estimate of a]>erture is wholly wrong in pi-in- 
eijile. Tile front lens of a ,,h-in. oiijK'tive may ))e no imuT than the 
.\,th of an inch in diameter, while a .'bin. nbjuetive may have a 
diameter of half an inch. Yet it is tin* smaller lens that has by far 
the larger ‘ aperture.’ 

Light is dispersed I'roni ev'ay point on the surfiee of an objeet 
in all directiiiiis up to IHtF. Onlv an extremely narrow pencil of 
this can he received by the human eye, a large pencil of light 
emamiting from the oliject being lo.st on each side of what the eye 
leeeives. The a^iparent prolileiii of prai'tical ojities is to he able, 
Ity means of lensi's. to gatlter u]» and bring tu a foctis as many of the 
unadmitted rays as possibh'. Tile general manner in which lense.s 
act in lining this we have eudeavunivd in an elementary manner to 
show. 

Soon after achromatic oljcct -glasses were first made. Hr. (luring 
found that the markings on special objects such as the scales of 
tbe wings of insects — cmild he seen by some oliject -glas.ses, wliile 
with others, .dt hough the magnifving power was equal, it wa.s im- 
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possible to discern them. In every cjisb the greater -angle’ was 
shown to p(,issess the greater ‘ resolving ’ or delineating power ; and 
tills led to the important conclusion that [Kiwer of ‘ resolution’ in a 
lens was dependent upon Singular aperture.’ 

This, hou ever, wa.s at a time when only ‘ dry ’ objectives were in 
use; the immersion and homogeneous systems, as wo use them, were 
unknown. 

But (as we shall subseijuently see), even with objectives employed 
only witii air, the angle of the radiant pencil did not afford a true 
comparison ; when immersion ohjectives were introduced— olijectives 
in which water <tr cedar oil re}ilaced the air between the objective 
and the upper surface of the cover of the mounted object — the 
use of of aperture became in the utmost degree misleading ; 

for different media with different refi-active indices were employed, 
and tile of the radiant pencil was supposed not only to admit 
of a comparison of two apertures in the sji me medium, but also to 
be a staiidard of comparison when the media were different. It 
was, in short, believed that an angle of 180® in air represented 
a large excess of aperture iu com]iai*ison \vith 90® in water and 
82® in balsam or oil, denoting, in reality, wbat was believed 
to be the max'mnya aperture of any kind of objective, which 
could not, it was held, be ('xcee<led, but only equalled, by 180® 
in water or oil ; in other words, that a i-adiani ])eucil has exactly 
the same, value, wlien the mighs are equal, no matter what the 
refractive in<lex of tlie medimn through wliich the |iencil iiiiglit 
be passing. 

But to ii thorough physical and mathematical study of the ques- 
tion such as that iu which Professor Abbe engaged, it soon became 
apparent that even in tlie same medium the ordy {vxact method of 
comparison foi- objectives — when the fundamental pdienomena of 
(‘ptics (which the ohlei- opticians had disregarde<l) were taken into 
account — was not a comparison by the angles of tlie radiant jtencils 
only, but a comparison by tlieir sines ; while, when the media are 
different, the indices of those media would he fiuind to form an 
essential factor in tlie pi'oblem ; for an angle of I8(l® in air is equal 
to 96® in water or 82® in oil ; hence three angles might all have tlie 
same iiiuiiber of <legiees and yet dmuite different valiu's, according 
as they wei-e in air, water, nr oil. 

Thms there might b(‘ large diviu-geneo of apedm'e in tw'O or 
more cases wliile the niujle. wns identical, and from tliis the greatest 
confusion w-as not only jiossible but was realised. 

A solution of the <lillieultv was (as we liave ludieated above) 
discovered by Professor Abbi* ; and it is to ]i[r. Frank Crisp's lucid 
exposition of Abbe’s elabraute monogiuphs that tlie English student 
is immensely indebtial.^ 

The ilefinitiou of ‘ aperture’ in its legitimate sense of * opening ’ 
is shown by Abbe to be olitained when we compare the diameter of 

1 ‘Ontliti Estimation of Apei-tiwo in the MicroHC0])e’ (Abbe), Junm. R.M.N. 
ser. ij. vol, i. 3SS; ‘Notes on Apertiuv, Microscopirid Vision, and tb<“ Valne of wide- 
angled Immersion ObiectiveR,’ ihuh 3(1:1 ; ‘ The Apertiire of Mierosoope Objectives,' 
En<flish Mechanic. 
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the pencil ernergent from the objective with the fowil length of tliat 
objef^tive. 

It will be desirable to exphan somewhat more in detail liow 
tliis concltision is arrived at, as given in Professor Abbe’s 
papers. 

Taking in the first arse a sin///edeiis microscope, the iinmber of 
rays admitted within one meridional plane of the lens evidently in- 
crciisea as the diameter of the lens (all other circunistances remaining 
the sjime), for in the microscope we liave at the back of the lens the 
.sjimc circumstances as are in front in the case of the telescope. The 
larger or smaller number of emergeiitrays willtlierefore be properly 
measured by the cleai- diameter; and, as no rays can emerge that 
have not first been ((dmilled^ tins must also give the measure of the 
admitted rays. 

Suppose now that the focal lengths of the lenses compared are 
not the siiiije — what, then, is the jmoper me<isure of tlie rays 
jidmitted 'i 

If the two lenses have equal ojienings but different foeal lengths, 
they transmit the same number of rays to equal areas of iiu image 
at a definite distance, because they would admit tlie same j lumber if 
an object were sulistituted for tlie image — tliat is, if the lens were 
used as a telescope -olijective. Put as the focal lengths are different, 
the amplification of the images is different also, ami equal areas of 
these images curres[>on(l to different areas of the object from which 
tlie rays are collected. Therefore the higher-}X)wer lens, with the 
same opening as the lower [lower, will admit a greater number of 
rays in all from tli<^ same oliject, because it admits the mrae number 
as the latter from a mmdhr portion of tlie object. Thus, if the focal 
lengths of two lenses are as 2 : 1, ami the first amplifies K diameters, 
the soeoiid will amplify 2 N witli the same distance of tlie image, so 
that the ravs which aic collected to a given field of 1 mm. diameter 

of the image are admitted /i'oj/i a field of nim. in the first case 


and of 


I 

2X 


mm. in the second. 


Inasmuch as the ‘opening’ of the 


olijeeti^e is estimated by the diameter (and not liy the area), the 
liiglier-jKiwer lens admits tr'ice as many rays as the lo^^'e^ [lower. 
because it admits the same immlier fi-om a field of /m//’ the diameter, 
and in general the adini.ssion of rays with the same ofiening' 
hut iliffereiit [lowers must he in the inverse ratio of the focal 
lengths. 

In the case of the single lens, tlierefore, its a[)prtm’e must be 
determined by ike ratio hetmcea the dear o/icn/ng and the. focal 
kngth, in order to define tlie same tiling as is ilenoted in the tele.sco[ie 
by the absolute ojiening. 

Consider now’ the compound tiijei'tive — the most important case 
in the microscope. AVhat is the opening of this eom]K)site system ? 
We must adhere to the diameter of the admitted cone at that [ilane 
where it has its vltiniate maximum, value, wliieli is obvioirslv the 
ilimiieter of the pencil at its emergence, from the system, or, pi-acti- 
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cally, the effective diameter of the hade lens, Tlie emergent 
pencil from a microscope -objective converging to a relatively distant 
f’cx'us lias its rays approximately paralleT, and the conditions are 
once more similar to those of the telescope- objective on the side of 
the object. The diameter of this emergent peiicil, whether it emerges 
from a single lens or from a composite system, must therefore always 
have the siune signification. The influence of the power {in focal 
length also remains the same as in the case of the single lens. An 
objective with a focal length equal to half that of another admits, 
with the same linear opening, twice as many rays as the latter, 
because the amplification of the image at one ami tlie same distance 
is doubled, and the sime number of rays consequently are admitted 
by the higher power from a field of half tlie diameter. And this 
will hold good whether tlie medium around the object is the s^ime 
in the case of both objectives or (lifterent ; for an immei'sion systejn 
and a dry system always give the same am])lific5ition when the focal 
length is the same. 

Thus we arrive at the general pro})osition for all kinds of objec- 
tives, First, when the power is the same, the a< [mission of rays 
vai-ies with the diameter of the ))encil at its emergence, Secondlv 
when tlie powers are different the same admission requires differeM 
openimjs in the proportion of tlie focal lengths, or, converselv, with 
the opRi?h?(/ the admission is in inverse proportion to the focal 
length— that is, the objective wliich lias the whler pencil relatively 
to its focal length has the larger aperture. 

Thus we see that, just as in the telescope the absolute diameter 
of the object-glass defines the aperture, so in the microscope the 
ratio between the utilised diameter of the hack lens and tlie focal 
length <if the objwdive defines its aperture. 

This definition is elearlv a ilefinitioii of aperture in its primary 
and only legitimate meaning as Ripening ’—tliat is, the cajucitv of 
the objective for admitting rays from the object and traiismilliinr 
them to the image; audit at once solves the dithcultv wliich has 
always been involved in the considcriition of the apertures of 
i mmersion otiject i es. 

So long as the angles were taken as the proper ex[iressii)n of 
aperture, it was difticult for those who were not well versed in 
optical matters to avoid regarding an angle of 180° in air as the 
maximum aperture that any nlqective could attain. Hence, water- 
immersion objectives of 110° and oil-immersion objectives of 82° 
were looked upon as tieing of much aperture than a dvv olijective 
of 180°, whilst, in fact, they are all epnaL that is, thev all transmit 
the same rays from th(*, objeer to the image. Therefore, 180° in 
water and 180° in oil are ime<.[ual, and both ai-e much larger aper- 
tures than the 180° which is the maximum that the air objective can 
transmit;. 

If we compare a series of dry and oil-immersion obji'ctivcs, and, 
commencing with very small au-angles, progress u]) 'to 180° air- 
aiigie, tlien taking an oihiinmersioii of H2° and ja'ogre.ssing again to 
180° oil -angle, the ratio of opening h) jxjwer progresses coiitimiallv 
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N umferioiil A pcrturt 
1-52 

= 180° oil-anglK 


■ Aunicrical Aperture 
1-33 

= 180° water-angle. 


also, and attains its inaximnin, not in the case of the air-angle of 
180° (when it is exjictly equivalent to tlie oil -angle of 82°), but is 
greatest at the oil-angle of 180°, 

If we assume the objectives to have the same power tliroughout, 
we get rid of one of the factors of the ratio, and we have only to 
the diameters of the emergent beams, and can represent 
their reLations by diagrams. Fig. 31 illustrates five cases of different 
apertures of J-in. objectives — 
viz. tho.se of dry objectives of 
(i0°, 1)7°, and 180° air-angle, a 
watcr-inimersioii of 180° water- 
angle, and an oil-immersion of 
1 80° oil -angle. The i niier dotted 
circles in the two latter crises 
nre of the same size ;es that 
corresponding to tlio 180° air- 
aiigle. 

A dry objective of the full 
tiiaximum air-angle of 180° is 
only able {wlietlier the first sur- 
face is plane or conceive) to utilise 
a diameter of hack lens e(pml to 
twice the focal length, while an 
immersion lens of even only 100° 

(in gla-ss) requires and utilises a 
Javijer «liameter, i.e. it is able 
to transmit more rays from the 
(djject to the image than uny 
ilry objective is capible of trans- 
mitting. Wlieiiever tlie angle of 
an immersion lens exceeds twice 
the critical angle for the iiniiier- 
siou-fluid, i.e. 96° for water or 
82° for oil, its a[)ertLire is in ex- 
cess of that of a dry objective of 
180°. 

Having settled the primaple, 
it was still necHs.s;tT‘y, liowever, 
to find a proper notation fur com- 
paring apertures. The astrono- 
mer can compare tlie apertures 
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Xunierical Aperture 

/ \ 

1-00 

( " ) 

= I 80 ® air-angle 
= water-angle 

\ / 

— SS'’ oil-angle. 



Xuruerical Aperture 


•75 

= 97® air-angle. 


Xiiinerieal Aiteniire 
•50 


- 00“^ air-angle. 

Fee 31. — Relative 

diameters of the (uti- 


lised} back lenses of various dry and 
immersion objectives of the same 
power (I) from an air-angle of fiO' to 
an oil-angle of ISO'. 

>f his various teleseo}>es hy simply 


cxjiressing tlu'in in inches ; hut this is obviously not available to 
tlte microscopist, who lias to deal with the I'ciilo of two varving 
quantities. 


Professor Alihe here again confei red a boon upon microscopists hy 
his discovery (in 1873, indejiendoutly confiniied hy Professor Helm- 
holtz shortly afterwards) that a general relation existed between tlie 
jiencil admitted into the front of the ohjeedive and tliat emerging 
from tlie back of tlie objective, so that the ratio of thesemi-ditimeter 
of the emergent pencil to the focal length of the objective could be 
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oxpres.^e<l by the sine et half the angle of aperture (it) ^ multiplied 
hv the refractive index of the mediiuu (?i) in front of the objective, 
or li sin (f (ii being 10 for air, for water, and V5 for oil or 
balsiini). 



Let 0 and 0* (fig. 'h2) be the conjugate aplanatic foci of a \s ide.- 
angled systcan ; vi, TJ ti\e angles of inclination of antf tnjo i-ays adinitte<l 


* In the original tvansli\tioii ol the [is^pers of Professor Abbe from German into 
English the German iimtbcinatieal symbols have been retained, Li the snmnmrv of 



» sin i( = l'5 X 573 = ‘36 = N.A.of objective. 


Angnlariipertm-eof 
ohjeetive = 35^ + 
35^=70° ill glas#, 
which is eiiniva- 
1 eii t to the angular 

fin’N,. air a'^/O of the 

W \ / u condenser =60" + 


X.A, of cotvk‘U^er= sin = I'O x -86 = 


jii'sii] I'O X ‘86 = “$6 =N.A,of couileiiser. 


Fio. Al, -Identity of n sin >i (Oermaii math, form) witli ju sia ^ (Englishb Also N.A. and 
angular aperture. 


Abbe’s theories and demonstrations presented in the following pages the Editor has 
scarcely felt jnsUfied in altering this, especially as the German fonn of synilwl ob- 
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from the radiant, ;uk1 V* the angles of the same rays on their 
emergence ; then we sliall have always 

sin XT* : sin : : sin U : sin u ; 
sin U* sin tc* 

or, . = const. =<;; 

sin U sill u 


that is, the sines of the angles of the conjugate rays on botli sides of 
an nphmtic system always yield one and tlie same (|iiotient c, what- 
ever rays may he considered, so long as the same system and the 
sime foci are in ({uestion. 

This proposition hohls good for ever\' arrangement of ineilia, and 
refracting surfices that may go to the Cfimpusition of the system, and 
for every position of object and image. It is tlie law upon which de- 
pends the delineation of an image l>y means of wide-angled pencils. 

When, then, the values in any given cases of the ex[)res.sion 
n sill n (whi(>li is known as the ‘ numerical aperture ' and expres.sed 
hy X.A.) lias been ascertained, the objectives are instantlv compared 
as regards their ajierture, and, moreover, as 180° iii air is eipial to 
1‘0 (.since //=:ld) and the sine of half 180° or 90°=1’0), we see with 
(‘<pial i-eadine.s,s whether the aperture of the objective is smaller or 
larger titan that corresponding to 180° in air. 

Thus, suppDse we desire to compare tlie relative aperture of three 


l:iins in our Universities, and is tlKU'ou^dily understood amongst TTnTeisity men. 
But to tliose uimeenstoined to mattieinaticril fornmUo confusion iniirtt easilv arise 
fi-mn the juxtaposition of different symbols meaning precisely the same tiling. To 
meet tlie possible necessity of the^e this footnote is inserted witli an accompanyin«- 
(liiigram to illustrate the identity of ‘ n sin u ’ with ‘ /x sin 0.’ 

The student who has mastered Snell’s Law of Sines, given and illustrated on p. 3 
ifig. 1), will hyu glaneent the figure A1 on p. 4H understand tlie meaning and iniixwt- 
atice of the expression ' X.A,’ (numerical aperture) and at the same time will grasp 
wherein it differs from ‘ angular apei tiire ’ {q.v.\. He will also perceive how it comes 
to pass that an angular aperture of Tfr in f/Zo-yv isequivalent to an angular aperture of 
liJO^ in air. 


In the figure the upjier hem i spherical lens repi-esents the />o/iZ of a homogeneous 
iniinersion objective. It is supposed to be focussed on an object in eontiiel with the 
lower side of acover-glass. Between tlie plane front of the lens and the upper surface 
of the cover-glass is a dr<ip of oil of cedar-wood, whose refractive index is To, being 
thus identical with tlie cover-glass and tlie front lens. 

It is understood that no slip is used, and tliat there is nothing between the object 
and the front lens of the (‘ondenser. 

In this case the axis A R is the nminnl fp. 5, fig. 2i ; on the left-hand side there 
is a ray which makes an angle of ;).j with the nonnal in glass issuing into air on the 
right-hand side of the normal. By Snoll's formula (p. 31 — 
ju sin (p - u sin 0'; 

S»iu4>,l:3><;.5T3 
/a VO 

0’ = tlO • ( from Table I.) 

Therefore the ray on emerging from the under surface of the eovcr-glass will make 
an angle of (<0 from the normal. 

The dotted lines siiow tlie path of the ray irJirir tin" (re/mmn xinahuh are usetl. 


i sin i( = ir sill I 

* )/ sill a 

sill »* 


/i* 1-0 

(fromTablel.'l 

A/n/ren'cal ajnrfare, therefore, is the sine of half the angular a/ierf/oe uniltijdied 
by the refractive index of the medium. 

It will he ohserv^l that the rays passing through the oil of cedar enter the front 
lens without refraction; this is due to the. fact that the media in which tlie ravs are 
travelling are of the, stvme vefraetii e index, i.e, thev are homogeneous. 
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objectives, one a di-y objective, the second a watevdmmcrsion, and 
the third an oibimniersioii. These would be com[)ai'ed on the 
an^ulav iH>erture view as, say, 71° air-angle, 85° water-angle, anti 
118° bidsani'angle ; so tliat a calculation must be worked out to 
arrive at a due appreciation of the actual relation between them. 
Applying, however, ‘nuinericar aperture, which gh'es -60 for the dry 
objective, '90 for the watei'-inimei'sion, and 1 '80 for the oil-immersion, 
their relative apertures are immediately appreciated, and it is seen, foi* 
instance, that the aperture of the waterdunnersion is somewhat less 
than that of a dry objective of 180°, and that the aperture of the 
oil -immersion exceeds that of the latter by 80 per cent. 

When these considerations have been ai)pr('eiated, the advanOtge 
possessed by immersion in com[)ai-ison. witli dry objectives is no 
longer obscured. Instead of this advantage consisting merely in 
increased working distance oi- aljsence of correc'tion-collar, it is seen 
that a wide-angled immersion objective has a larger aperture tliaii 
a dry objective of tlie maximum angle of 180°; so that for any of 
the pur looses for which apei-tnre is desii'ed an immersion must 
neeessiU'ily he prefeired to a dry objective. 

1. T'here exists then a definite ratio Ijetwcen the linear opening 
and the focal length of a system, which ]nust he entirely indepen- 
dent of the com[K.tsitiou and ai'i'angement of the svstem, and solely 
determined by the abo^e-inentioned aperture tajuivalent of the 
admitted cone of rays. When the etpiivalent is the same we liave 
always the same ]>ro]K)rtion of openiiig- to focal h'ugth, w'hntever mav 
be the particular arrangement of reti 'acting uKalia in the system. 

2, Jf the ohjectives whose apertures are compared work ni the 
fiume medium, and admit angles of, s;iv. (10°, 90°, 180°, their a})er- 
tviresare not in the ratios of those numhers. hut are as '50, '70, and 
I’O, The 180°, for instance, does nut I'epre.sent three times the apei-- 
ture of the 110°, hut iirice only. 

8. If the oljectives work in d{ferent media, as air and oil, tlu‘ 
latter may have jin ajKO-tuve exceeding that of a di'v ohjeetive of 
180° angle, For with tl\e dry obiectiv(‘ the refractive index (a) and 
the sine of half the maximum angle (u) huth=l, so that a .sin ft 
= 1 also, whilst with the immersion ohjeetive ft is greater than 1 (sav 
1-5 for oil), and the angle ti may therefore 1 k^ much less than in the 
case ot the dry objective, and yet tlie value of the expK'ssion n sin n 
(i.e. the aperture) may l)e greater than FO. 

The two latter deductions are so directly opposed to what was 
ucc‘e](ted hy the ohler opticians and microseopists that a closer it 
brief consideration of some of the points wliicli bear upon tins iiranch 
of the subject may liere be ser\ iceahly summarised. 

Take, first, tlm case of the medium being the s:nne, 

Difference of ajjerture involves a diffeveiit o/' llt/hl -.n]- 

mitted to tlie objective jn'ovided ail other circnuistances are oiinal. 
Hence the (jnestiou of aperture leads to the consideration of they^Aofo- 
equivalent of (lifferent apertures or aperture angles. Jt is 
not of the essence of the ]»i'ohlem, lint it affords an additional illufi 
Irfftioii ol numerical aperture, aiul is thus of great service in its 
exposition. It is manifest that aperture cannot lie hase<l on ijuantitv 



UNEQUAL INTENSITY OF EillTTED LIGHT 5 I 

of liglit alone — more light can alwavf^ be obtained in the image by 
throwing more u|)on the object— bat no increase in the amount of illm 
inination can make a dry lens equal in pertbrnrince ns regards aperture 
to a wide-angled immersion lens. 

The jK)palar notion (jf a pencil of light may be illnstvated Ijy 
her, 33, which assumes that there is efjiial intensity of emission in 
all directions, and that the intensity of a portion of the pmu-il taken 
close to the perpendicular is identic;d with that of another jMa-tion 
of equal angular extension, Imt more removed froja the ]}erpeiidiciilai'. 
On this view, therefore, the qitaatHfj 0 / light contained in any given 
[lencils may he comparG<l by simply compai-ing the contents of tin* 
soli<l cones. 

When, liowever, aperture is considei-ed, aJid the values of if sin a 
are worked out for particidar cases, they are seen to diffei- fi-om 



Fit;. UiiV^i'iUa sliowing cLTOneous inference, as to the intensity of emitted rays. 


tliose obtained hy estimating in tlie above manner iheaiiKainl of 
liglit in the .stdid cones^ and some pei'plexity naturally arises from 
the supposition that the measure of theapertnre of the oltjertive does 
not cuiTcspoiul tn that (d' tlie quaiititv (d light whicli it admits. 

.\1] this ari.st's Irom the mistaken assumption that a luminous 
|ieneil is pro|ierly represeiitctl by tig. 33. 

In the last (a'lituio' (1 7tiG) Bougiiet ^ and Lambert- estahlislicd 


the important faet that 
with any surfaee of aai- 
fonu. radiation tlie inleii- 
sity of the (Quitted rapn is 
not the s;une in all ilirec- 
lifuis, 'We pon'er of etnis 
■s/c/i ami the intensity of 
tlie rays (i.e, tlie (piaiititv 
of light enmuating from 
a given surface-element 
within a cane of given 
narrow angle) varies in 
the proportion of tlie co- 
sine ot tile angle of obliqui- 
ty under whicli the rav is 



einittecl: iu other worils. in tlie proportion of the cosine of tlie angle 
of detlectiou from tlu* perpendicular to the luminous surtitce under 


Trniti d'ipiiqio' sur in (hvilaiom dfhi Ltnuiffi ., ITtlO. 
■ Phofoun'lnn, 
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wliicli tlie rny is sent oat. The rays are more iuteuse in proportion 
as thev are iucline<l to tlie snrfare which emits tliem, so that a pencil 
^•al‘ies in ja-oportion as it is taken close to or is i‘eiuove<l from the 
]H‘i'jK'iulicnliU'. A pencil is not, therefoi-e, correctly represented by 
.*i:h imt by ftyn d4, the density of the rays decreasing continuously 
from tiu' vertical to the horizontal. 

()wing to the <lilVereiit emission in different directions, the quan- 
tities of light emitted by an element in the same medium in cones of 
<lifferent angle such as e* and e'h tig. 3o, are not in the ratio of the 
soliil cones, as would he the case witl\ orpial einissioti, bnt in the 
ratio of the squares of tlie sines of the semi-angles so that the squares 
of the sines of the semi -angles constitute the true measure of the 
(piaiuity of light contained in any soli<l pencil. 

Wlieit. therefore, the medinm is the same, it is seen that thei-e 



is no coiitradirtion i)etweeu the mea^mv of tin* a{)erture of an oh- 
jerlive {n sin e) and that of the quantity of light admitted by it 
tla^ latt<T i)eing (a siti 

The simplest experimental proof of tin' uiuspial emission \n 
ditfeiviit directions will he found in the fact tint the sun. tlie moon 
tlie povrelain globe of a lain}) or any other iiriglit s})hei‘ical object 
with so-called uniform radiation in all dina-rions. is seen ])i-ojected 
as a surface of eifnal hriglitness. If then' were eipril intensity of 
emission in all directions, wlmt would be the necessary restdtl 
Compare two eqmd }X)rtious of tlie siirtiire, one. <i (tig. 8(>), })er|)en- 
<licular to the line of vision, and the other, /), greatly incliue<h 
Kvi'i'v intiuitesimiil surface-element of sends to tlm piqiil of the eye 
a cone of tlie same angle a/, as a similar }ii)int of u (the slight differ- 
ence of the distance from the eye being ilisreg.anled). If tlu' in- 
tensity of the rays were equal as su})j»oscd. the whole area h wmdi) 
send to the eye tlie same, (plant ity of light as tlu' eipial area a. 
siuee botii areas contain exactly tlie sunie numbi'i- of ehmu'iits. Ihit 
the i<'hole, quantity (jf liglit irom h w(add hi' [irojertcd u})on a 
•smaller area of the retina than that from a (iss /> a})}iears nmh'V a 
smaller visual angle, being diminislied according to the obliquity, or 
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:is 1 : cos w). Consequently, if the assumption wei'e true, h must 
appear to lie Di’ighter tliun a, and tlie sphere would show increasing 
hrightuess frcjin tlie (rntre to t)ie circumference. Close to tht> 
margin the increase ought to be very rajiid, and the >)riglitness a 
large multiple of tliat at the centre. 

Tills, as is well known, is not tlie case, the projection of tla* 
sphere .showing equal hriglitness. The (quantity of light, therefoic. 
emitted from h within a given suaill 
s(ilid cone in an oViliqne dii'cction 
must be le.ss than tliat wliicli is emit- 

ted from a within an etjual solid cone /’ \ 

i< in a perpemlieulai* direction, and the \ 

ijitcnsity of tlie rays must decrease in | | 

tlte proportion of 1 : cos a- when the \ i 

obliquity iv increases. .4 

As then in one and the same \ 
medium tlie number of rays conveyed ^ I y 

liy a pencil and the pliotoinetrical j' 

(juantity of light arc })roportional, this ] ij 

theorem of Lambert, established for //^ 

more tlian a century, is sufficient of ' // 

itself to overthrow the very Viasis of / 

the aiKjvlar expre.ssion of aperture, // 

and to prove tliat, when we are dealing / 

with one and the same laefUarii only, / 

the a/i(/k is not the siitticient expres- / / 

sion, but tliat it is the o/’ Me j / / 

which mn.st be taken. ! / / 

We may pass now to the case of the / / 

media beiiig differents as .lir and oil, / / 

and conqiai'ing the aperture of a dry ' j 

objective of 180^ witli tliat of an oil-im- ! ^ f 

mer.sion objective of 1 ()()■, the values of | i / 

7(, sin a (or the ‘ numericar aperture) | | ! 

give I’OforlliH former and 1'17 for the ' i ' 

latter, which is therehme represented to Ij 

have a lartjer aperture tlian a dry oli- 
jectivc of the greatest jiossilde angle. 

In this ca.se also consideinhle per- 

iilexitv has arisen, It liasbeeiias.^umed n- t ■ v.. 

L /, , ,> 1-1 -1 ra.T.clb.~Dirtgi’ara of a bright 

tJiat tlie total amount of light emitted spherical object emitting 

from a radiant point under a gL'en hght. 

Hxed illumination must he the sime. 


whether the point is in air. water, or oil. and tliat tint being so. 
the 180® admitted liy the dry objective must represent a maximum 
(jiiaiitity of liglit, a ‘ wliole ’ which cannot be excelled, but only 
equalleil, by a water- or oil-iiniiiersioii objectiw. Tlie immerical 
aperture iiotatiim giving ligiires in e.xivss of TO (which represents 
1^0® in air) is con.secjueiitly supposed to lie clearly erroneous and 
misleading. Here tlie whole difficulty lies in the ab.sohitely false 
assumption that there is identity of radiatiiai in difl'ereut media. 
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In 18()4 K. Clnusiiis estalilished, by (listinguislied reKenroh, the propo- 
sition * that the 'poirer of emmion of a body- -in regar<lto heat as well 
as light — la not ilm mm<>. in different media, but A'aries in the ratio 
of the squares of the refi'act-ive indiees, so that the whole emitted 
liglit from any surface -element of a self-luminous i)ody is increased 
in the pi'oport.ion of 1 : a- when this body is bronglit fi-om air into a 
tlenscr medium of refract! \e index a. If a glowing body at a con- 
stant teuqan-ature, sucli as a. bar of iron, could be immersed in a 
medium of l a refractive index in such a way that the surface were 
ill optical eiuitact with the medium, ami the eye of the observer iiii- 
merse<l likewise in suitable conditions, the body would be seen hrujJder 
iu all directions in the pro})ortion of 9 : 4 than it appeared in air. 

The whole heinispliere of I'adiation in air is indeed less than the 
whole hemis[)here of rmliat ion in water or oil, as the squares of the 
refractive indices of the media, viz. as hO, 1‘77, ami 2-25. 

Thus it is seen that tlie qtiaidliif of lujht emitted from an object 
under a given illumination is not measured by the angle of the 
emitted cone at the ladiant, nor can it lie measured in any way by 
means of the angle alone. The quantity depends under all eireum- 
stauce.s on the prod net of the sine of the semi-anyle and the refnuiire. 
Index of the inedlmn in, n'hlch the ohject Is In ml no as, and is exjn’csscd 
by the sipiare of this product, or by the sepia re of the ‘ iuimeric“il 
aperture' of the peiudl. 

It thus follows that the estimation of the qaantitij of Ivjfd is 
found to i»e in coiujdeie accordance with the ex[)rossion of apertared' 

AVe are now prepared to advance to another point. It was a 
view I’ery commonly lield until recently, tliat the superiority of Im- 
mersion objectives ovei' dry ones was confined to the <*ase of the 
former being used with balsam-mounted objects. 

If we have a pencil in air, say 170°, as shown in fig. d7, a drv 
objectix e of large aperture will be able to admit it. If, however, the 
object is in balsam, as in fig. 38, it is no longer possible for so large 
:i i)enril to emerge from the balsam. The I'ays shown bv the dotted 


170* IN AIR ' — 
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lines in fig. 38 will bo totally reflected liy the cover -glass, and only 
those within a smaller angle of 82° will ])ass out. Although these 
are e.xpanded into 180° on emerging into air, of which tlie ohjective 
tahes up 1/0°, yet this 17b® contains, it is snpjKised, less liglit than 
the 170° in fig, 37, as it ha.s been ‘ diluted’ bv the I'ofractioii. 

T ' ‘bTherdie Coiiceatnitiun vtjh tViirme- und LiclitstnihUni tte.' Annahn 

d. PhjiNik, csxi. 1864. 

' Hg. gives u good, practical ilhistratioa of the relative illaminiitiiig power of 
objeeti\<!S of varying apertures, mid at tlie same tiiiK' affords a simple esplauation 
of the reason why sin »,)if is a measure of ttiis illuminating ]) 0 \ver, bet the eircles 
A and B represent the backs of two objectives of the same power but of different 
aperlui’cs; then the nidii C D and E F will represent the angle n sin u for ^ sin 
in ng. Al (p. 4S, nole}. Now Ireoause the areas of circles arc to one anollicu in the 
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A (li'V objective vas therefore supposed to be placed at a disad- 
\-aiitage when used upon l)alsain-inounted obje<‘ts, its aperture being 
supposed to be ‘ cut down ' ))y the bilsaui, and the advantage of the 
iiiimersioii objective was considered to rest on tlie hict that it 
restored, in the case of the balsam-mounted object, the s,ame condi- 
tions as subsisted in tlie case (jf the dry -mounted object, allowing as 
large (but no larger) an aperture to be obtaine<l with the former 
(ihjeet as is obtained by the dry objective with the latter. 

The error here lies in the assumption of the identity of radiatioji 
ill air and balsam. If there were in fact any such identity, the 
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('onclusion above referred to would, of course, lie ('(jrrect, for if in 
tig. 37 tb<^ air pencil of 170^ was identical with tlie bcdsfon pencil of 
170° (shown by the dotted Jine^^ in fig. 38), there would necessarily 
he a. relative loss of liglit in the latter case in consecpience of so 
much of the pencil being reflected hack at tlie cover-gla.ss. 

When, however, tlie increase of radiation with the increase in 
the refi-Jictive index of the medium is recognised, the mistake of the 
preceding view is a[jpreciated. Tlie 170° in air of fig. 37 is not 
eipial to, but much less than, tlie 17()° in balsam of fig. 38, and not- 
withstanding that a great part of tlie latter does not reach tlie 

proportion of t,lie squares of their radii, it follows that if we designate pie radius by 
n sin II (or fj. sin 0), the area of the circle A will he, to the area of the circle B as the 
square of the radius of A is to tlie square of the radius of B, or as {ti sin u)- is to 
(li/ sin a')-- 

B 



The student will observe tluit the radius of B is twice that of the radius of A ; 
consequently the urea of B will be four times us ^o’eut as that of A ; whicti means 
that, since the luaiierical u]X'rtui’e of the olijective B is twice as great us that of lh« 
objective A, its ilhuninatiiig power will he four times us great. 
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olnoctive in cnuseciueiice (if total reHeetion, yet tlie reinainder (80^) 
whit'll (Ims reiifli it is the exact equivalent, of the air-pencil of fig. 37, 
the two air-peiK'ils of 170° being in all rt'speets identical. 

The iniiiiersion objective , thei-ethre. which is able to veceive the 
whole haham pencil of 170° (dotted lines in fig. 38), take.s up a 
ijmitei' quantity of light than tlic au' pencil of tig. 37, and so not 
merely e([uals the di'V objective but surpasses it,. 

Let it be specially noted that in dealing with the quantity of 
li<dit in connection with aperture, the idea has not been that we liave 
been engaged with what is in any .sense ('ssential, hut to T-einove a 
dirticulty Mt, hy many. It iiinst be clear to all tliat if a gi-eater 
aperture sigiutied nothing mure than a greater (.piant.ltA of light, th»it 
is to sjiv, if there were no such spenjic dillereiice of the rays which 
can he' utilised by different apertures, as we have demonstrated 
alKue, the wliole (Question would be of (juite subordinate interest. 

Another subject re([uiring some further elucidation here is tlu* 
‘difierent angular distribution of the rays in difierent media.’ Tin- 
essence of tile idea of ‘aperture’ is rdaitve oi)€n'nig. However 
defined, its significance can only he ajipreciated 1>Y taking into 
.account the image -forming pencil euiergent from the objective, and 
the change in its diameter consequent upon the admission of dillereni 
cones of^ light. This diameter affinals a visible indication of tin* 
number of ra//s (not im-re quantity of light pliotometrically, wliieii 
can he readily \aried) which are collet'ted to a given area of the 
image, and wliich must have been gathered in liy the lens from tlu- 
conjugate area of the object. If the diameter of the emergent pencil 
is seen to he increased, whilst the aiiijililicatiou of the image and the 
focal length are unchanged, it is (‘lear that the objective must havt- 
admitted more rai/s from eveiw ('kunent of the object because it has 
colh-ctcd more to every element of an (.'qually etdarged image, Mani- 
fo.stly weget an accurate iia-asiireof what is admitted into an obji-el ive 
bv being able to estimate what it emits. It is ])liysieally iuqiossihle 
that a system of lenses sliould omit more light than it has taken in. 

Heiu'e LqierUire’ means the greater or less ca[iacily of objectives 
for gathering-in rays from luminous objects. 

\Vhen the admitted pencil is in the same medium, we see tlie 
additional [lortions of the solid ctme from tlie radiant, which corre 
s])ond to the additional portions of the enlai'ging opening. But if in 
any other case (e.g. where the imali 11111 is diffierent) ^\■e see that a 
cei'tain solid cone, A, from a radiant is traii.sinitted through a certain 
opening, a. and that another solid cone of rays, B, cannot he trans- 
mitted through the same opening, a, hut requires a wider one, /i, 
whilst all other circumstances, exce[»t thipse of the radiant, have 
remained the same, we can only eoneludo that the pencil B niii.st 
contain rays wliich ait* not contained in A, even if the admitted cone 
is not increased in .size, For the additi(aial |>ortion (/3 — a) of the 
wider opening, /> conveys rays to the image which are c(*rtainly not 
conveyed by the smaller ojicniiig a. From the l adiant only can this 
surplus come, and the pencil B which requires tla* additional opening 
must einhrace more ray.s, even if it should- not he ef greater angle, 

A given objective may, in find, colh*ct the rays from a radiant in 
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nir alniof!t to the enth'e lieinispher(‘, iuicl it then utilises a definite 
(ipening <louble its hx-fd length. But wlien the radiant is in bal.saui 
(without any othei'altei-atioii), tiles; I me tipeningis seen to bo utilised 
|)V the rays which are within it sniidler cone of' not iiiore than 82°. 
aiid ntys whicli ;ire outside tins cone reipilre asm-plus ojiening wliicli 
is never requii-ed for i-ays in air. 

This holds good whether there be refraction or no refraction at 
the front snrfiice of tlie .system ; the difference is l)ased solely on tht? 
diff'erence of the medium. Uonserjuently we iirrive iit the conclusion 
I hat the solid cone of 82° in lial.sain embraces the snae rays wliicli. 
in air, are embraced liy the whole hemis])here, and every wider cone 
in balsam exceeding the 82° conveys ■more rays from the object than 
aie admitted by the whole hemisphere of radiation in air. 

It follows, therefore, tluit the same rjiys which in air are spread 
over the whole hemisjdiere Jire closed together or compressed in 
balsam within a narrower eonieal space of 41° around the [lerjien- 
dicular, and all rays which travel in balsam outside this cone con- 
stitute a sm'plHS of neir raps, whicb ace never met witli in air - tlmt 
is, are not emitted ndmi the object is in air. The loss wliich takes 
[ilace in the latter case can never be compensated for by increase of 
illiiiaination because tlu' rays wliicli are lost are different i-ays 
phvsicallv to those ohtaineil by any illumination. hr>wever intense, in 
a medium like air. 

In the paper <d' Professor Abbe there is an eliiliorate and careful 
elucidation of this change in the angular distribution of the radiating 
light wlien the nie<limii is clianged ; lint to Mr. Cris[>'s paper on the 
snnie subject, giving an ex}iosition and simpliticatitai of Abbe’s de- 
iiioustration, tlie novice will look with the utmost jirofit.^ The 
following extract will give cleariies.s and emphasis to the above 
dciluctions of Abbe : — 

'If we take the case of refraction, then one of the most funda- 
mental of o[)tical principles sliows that tlie same rays whicli in air 
occupy tlie wliole liemi sphere 
arc compressed in a medium of 
higher refractive index within 
a smaller angle, viz. t^^■ice tlu* 
critical angle. If in tig. dl) 
the object is illniuinated by an 
incident cone of rays of nearly 
82° within tlie .slide, ;nu] the 
•slide has air above in tlie first 
case ami oil in tlie second, it is obvious that the same rav wliich is 
incident on tin* I'bject at nearly 41° avUI always emerge in air :it an 
angle of nearly 1)0° ff). and in oil at nearly 41° (a"), so tliar the 
same rays which in air are expanded to'er the whole lieiiii.sjdiere arc 
compres.sed into 82° in oil, ;nid, therefore, r;iys bevond 82° in oil 
must represent surplus rays in excess of tliose found in tlie air- 
heniis])here. 

'If, on the other hand, the case of diffraction is considered, tlien 
Fraiinliofer .s law shows that the .same diilVacted beams which in air 
^ Jount. li.M.S. SIT. ii, \ol. i. y>. iJOfl. 



Fii,;. oir -Comj'iu-ativi* compression cf 
light rays in two difTfi-eiil media. 
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occupy the whole hemisphere (fig. 40) jire in oil compressed within 
nil angle of 82° round the tlirect beam (fig. 41), so that there is room 
for additional beams.’ 

The uneqmal equivalent of etpial angle.s hecoines, therefore, a de- 



Fig. 40— Diffracted beams in air, Fu}. 41.— Diffracted beams in oil. 


inoiislrated truth— -a truth which is capable of experimental proof by 
every owner of a fair microscope. 

Aliy one po.sscssiiig a dry object-glass of an aperture of 170°, for 
exaiiqile, inav I'oadily do so. In this case, o, rf,fig.42, will re[)resent 



Fig. i ± 


the pencil radiating from an object in air, and capalile of being 
taken up by that objective. Tliis iiencil, on its emergence from the 
back lens of the couiliinatioii, will jiresent a diameter somewhat less 
than twice the f x'al length of the objective pi'e.sented in tig. 48. 

But let the object be now' placed in Canada balsam and 
covered in the usual way ; the aiujle of the pencil, by 
the greater I'efractive power of the medium, will be de- 
monstraVily reduced to 80°, as shown in fig. 44. But it 
will be found, on examination of tlie einerf/ent pencil 
from the back lens, that this pencil occu}iies exactly the 
same diameter (fig. 43) as lief ire. The iiiedinm in which 
the object is has not, of cfiurse, altered the potrer of the 
objective ; and since the diameter of the emei-gent jiencil is thesiune 
in both ca.se.s, the ratio of • ojiening’ to focal leiigtli, wliieh is the 
aperture, is the s)ime also. Hence it is seen in the sinqilest, w'ay 
that di^ererd uiujleH in me<lia of different refractive indices may 



Fig. 14. 


doiLoie eqind apertures, equal angles in diflereut media denote 
different ajm'tures. 

That ‘immersion’ ohjecti\'es may have greater aiiertures than 
the maximum attaiiialile by a dry objective is callable of eipially 
simple proof bv accessilde ex[ieriment. 

Tf an oil -immersion objective of 1 22° lialsaiu angle be taken, and 
so iliuminated that the whole aperture is tilled witli the incident ray>. 
and if we use first an object mounted in air, we really find tint wc 



Fig. 43. 
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] ve dry object-glfLSS of nearly 1 80° angular a perture. Thi« is readily 
.,.'.‘11 by fig. 45. liy the anangeinent presented in the figure the covor- 
^l:iss is practieally the 
first surface of the ob- 
jrL'tivej for tlie front. 
l^.ns, the innuei'sion 
(liiiil, and the cover- 
olnss are all honio- 
:^viieous, and of the 
viiiiie refractive index, object in Am 

SLIDE 


Fro. 15. — Diagram illiistniting diffr’rcnr-e of emerging 
extra. thicknes.s. \V hen pencil witJiout and with balsam, 

tlie object is elo.stf to 

tlie cover-glii.s.s the pencil radiating from it will be very nearly 180°, 
and the emergent pencil will l>c seen to utilise so nmeh of the back 
lens of the coinbinatioii as is eqiril to twice the focal length of the 
olijective, a.s shown in the 'hum' circle of fig. 4t>. 

Tf now we run Canada halsiim lieneath the cover -glass so as to 
iuniierse the oliject, the [leneil taken up liy tlie olijective is no longer 
180°, but only 1'2'2° ; Imt in spite of that tlie diameter 
of the emergent [leneil is Uu'yer than it was when the 
angle of the pencil was 180° in air, and is represented 
bv the outer circle in fig. 4(i. In botli the.'.^e ca.ses 
the power is identical ; it fdlows. therefore, that the 
greater diameter of the emergent pencil f'l'cmi the 
hack of the combination denotes the greater aytdtir(> 
t if the immersion <ihjecti\'e over tliat of the dix one. 
altliougli it possessed an oag/c of 180°. From this (‘Scapeis impos- 
•■sible, and it is for this re.ason that opitlcians make the back lenses of 
their immersion object-glasses larger tlian tllo^e of dry ones of the 
same power. 

Alanv further illustrations might be gi^•L‘n. but none affording 
greater facility tlian tlie following, viz. : ‘ Select a good sjieeiinen of 
J and use obliipie illumi- 
nation, bringing out clearly the striatioii. 

M.)u removing the eye pieci*. placing the 
jiupil on the air-image of the diatom, and 
looking down on tlie lens, the direct incident 
beam will be .seen laiunging as a bright spot, 
and exactly o[>|K>site and c/o,sr 1*} tii*’, niaryh) 
a faint bluish light (see fig. 17). If now a 
small piece of paper is placed on the liaek lens 
of the objective so as to just cover up the lilue 
light, and the eye-]iieee is replieed, the diatom 
is still visible, hul all the striation which was 
iiiiiiged by tln^ blue in.irginal light has entirely 
disappearcfl. The latter must therefoiv eonsi.sT 
of linage-forming rays.' 

Enough has thus lie^m advanced to enahh‘ the student of even 
the eleiiientary principles of modern object-glass construction to 



oil removing eye- 
piece wlien A.pcUn- 
hiis been resol- 
ved. showing si>ot of 
briglil light iindfnint 
bluish s^Kit opiwsite. 



Fig. 46 . 


jiiid consequently they 
form n front lens of 
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ilemonstriite for hiui.solf that immersion lenses not only possess fui 
excess of aperture over dry lenses, but that the rays so in excess are 

ima^e-forming. 

Idle relractive indices of (cellar) oil, water, anil air are respec- 
tivelv 1'5'2, 1‘3H, and 1*0. ‘Angular aperture’ claimed that the 
Htuile-B of the admitted pencils to lenses of these three constructions 
ex[ire.'^sed equal ‘ a])ertiires.’ But this is a fallacy, now so [)alpahle, 
but wliich has exerteil an influence so deterrent on the progress 
of the constriictio]! of our higher object-glasses and condensers, 
that its final (lisa]>pea ranee as an unjustified assumption which had 
crept into the area of theoretical and [)ractical optics, unverified hv 
facts and devoid of the wedding gai‘ment of deduction, is a triumph 
which will make the name of Abbe long and gratefully remem- 
bered. 

The principle upon which increase of numerical aperture gives 
increased advantage to an object-glass manilestly needs careful 
stialy and elucidation. We Irn’e but to I'efer to the best work done 
by those wlio have employed the mici-oscopc^ to any scientific ^mrpose 
for the past fifty ycai's to discover that there has been an admission, 
which has .steadily strengthened, that l.w enlargement of aperture an 
iiiorease in the etticienev of the objective, when well made, was 
inevitable. During the lastthirty-fivo years this ha.s lieen es[)ecially 
manifest. To increase the aperture of an nlijective inuler the name 
of greater ‘angle’ has been the. sjiecial aim of the optician and tlie 
constant and increasing* desire of all workers ^\■ith moderate and 
liigli powers. 

Tlie true explanation of this is quite independent of any con- 
sideration of aperture.s in excess of the maximum in air, and indeed 
of the whole (piestion of immersion objecti\*es. The old view that 
all high and excellent results depeude<l on the ainjU at which the 
light emerged from the object, involvijig some a,ssuniGd property of 
a special hind in the ohIii]uity as such, lias been most tenaciously 
held ; but it is an x in the jirohlem wJiicli lias not onlv never been 
demonstrated, hut the scimitific explanations of all the ujitical 
jiropcrties of lens comiiinations in the formation of images liy means 
of numerical aperture, prove lliat it is hopeless to attempt to attach 
any value to angle (is angle. 

Aliont thirty vears ago it presented itself to Professor Ahhe as 
a problem wortliv of most careful inquiry as to w*hy great ‘angle' 
or obliquity as such gave to objecti\'es an (udiaiictal ca[)acitY in the 
<lis(‘lo.sure of obscure structure. The first step was a consiil(‘rati(>n 
of (he grounds on which the theory of the valm* <>f lUKjle of apcrtiirt* 
rested. But no such basis was found to exist ; no investigation of 
the question had been made. It was demonstrated that a pencil nl 
170° would show minuter structure than one of 80° in the same 
medium: and from a genera lisiit ion laul been made that n[>ou 
the obliquity of the ‘angle’ of light de[)cnded the delineating [)Owcr. 
It 'tras to.ken as a self-evident pvopositioii that the formatioa of ih‘ 
iniea/e ni the nucroscope took pdave in evert/ pariieahir ((reordiau i*> 
the same dioptric lao's \>tj lehidi iinatjes arc, forttte.d in iJte teles('oi)i\ 
and it was tacitly taken for granted tliat e\*ery function of tlic 
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iiiicroscnpe was detenviined l)y tlie geometrically tracealde velutions 
;>f the refracted rays (d' light. 

A prolonged course of able and exhaustive expo'i merits oon- 
,1 acted by Abbe sliowod that, whilst the old view held good in 
^-crtain cases capable of definite verification, yet tliaf, the va.'^t 
majority of objects, and especially tliose with which the highest 
(jualities of an objective are called into operation, the production of 
ilu‘ microscopic image is wholly and absolutely dejreiident, not Ufion 
tile obli<iuity of the rays to the oJ.ject, as it had been so long and so 
.(uutly maintained, Imt upon their ohlupiity to the axis oftJte 

Such coarse objects as refpui'c only a few degrees of aperture 
to disclo.se them are dependent on ‘shadow effects;’ but when 
extremely minute and (hdicate structures are to lie disclosed small 
jijiartures are absolutely useless, and mere increase of <d)lk|uitv (d‘ 
pencil as .such is })owerlc.ss to alter the result, ft can lie effected 
only l)v increased numerical aperture, sliowing that the great ei- 
(ililiquity of the in vs incident on, ur remitted from, the ohje(‘t is not, 
;Ui(l cannot bo, of iudf an element in the superior optical ])erform' 
nuce uf greater aperture. If it were so, all the results of increased 
:i[ierture would he secured liy rndruunj the object to the axis of the 
micro-scope; hut it may he readily tested that when a given object 
cannot he ‘resolved,’ or its structure delineatc<l, liy an objective with 
an aperture of 8(j® in the (Jidinary position, hut can he resol vetl in 
tlie ordinary position by an ohjeetii e with an aperture of 00°. ao 
inclination of the object to the axis of the instrument will enable the 
oltjcctive of 80° to do the work (-asily done 1)V one of 1)0°. This 
may he lested lay any oiu* possessing the instruments. 

As a matter of fact, this so-called hut iiiiaginarv ‘angular 
is greater in a wide-angled dry lens than in one of 1)0° bakani-a'ngle, 
;u\d it i.s certainly cut <lo\vn more ami more wlien with one ami the 
same ohjecti\e preinral i<nis are oltservod in water, balsam, and 
cellar oil successively. Jf u<nv the angles yeu angles arc effective 
in antf -way, senmihituf must Ijc lod by change of angle in this direc- 
tion, and s(jmetliiiig ought to he gained hv change in tiie reverse 
direction, other coudilions remaining the sune. It is needless to 
say tiiat all experience and the entire course of proof and ivasonimr 
given above are diametrically opposed to such conclusions. 

Similarly it will he manifest that tlie conception tliat * solid 
vision or pers]iective etlect in a microscopic image is one of the 
conse<juences of ohliipie ‘angular’ illumination is eijuallv invalid. 
It as.sumes that the <liffereut ] evspectivc views of a preparation 
examined witli the micro, vei>pe. whicli correspond to tlie different 
ol(li(|_uities, produce the same efiects as if tiiey were seen separateiv 
l>y different eyes, as iti the case w ith tlie binocular microseope. lii 
reality, whenever wm have the advantage of .solid visum, owing to a 
different perspeetive projection of different images, in the microscope 
111 ’ otherwise, this is solely because the different images are st'en by 
''/{//ci’c/if eyes. In microscojiie vision there is no difference of pro- 
jection connected with dilferent ohliijuities : in tlie liinocular micro- 
scope there is a lUvm'sity of images wliieli are dejiieted by |iencils of 
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(liftevent oblitjiiities iit tlie object wliieli is :i certain kind of perspec- 
tive (lifference ; bii1, t lie above and otlier observations iiiul experiments 
sliovv t hat even here tliere is essential divergence from the conditions 
of oi-diuary vision. 

It is tluis jdain tliat \vliene\ ei- aperture is otiective in delineation 
tlie mode in which it ))e(‘Oines so is not by means of the oblupiity of 
the ray.s to the oliject; while it has already been shown that 
increase of light, aluays concomitant with the use of immersion 
objectives, is a relative advantage, but no part of the explanation of 
the superior action of the combination of lenses. Angle is deimm- 
strably not tlie true basis for the com[)arison of olijectives; it fails 
in regard to aperture in general, so fai- as it has relation to opening ; 
it fails eipially in reganl to the number of rays and the quantity of 
light admitterl to the system of lenses ; while its failure in regard to 
the delineating power of objectives is every where seen and admitted. 

At tlie same time it is plain that tlie cause of increa-seil power of 
performance in the objective is directly connected with the larger 
opening or ‘ aperture ' of tlie immersion ami homogeneous systems. 
In other words, it becomes clear that something is admitted into the 
objectives with greater apertures which coiitriiiutes ttithe formation 
of an image, such as ohjectives of lesser aperture cannot form 
because their ' ojiei lings’ or ‘apertures' cannot admit that ‘some- 
thing.’ 

AVhat this is heemm^s explicable by tlie re.searches of Abbe. It 
is demonstrated that mierosco[nc vision is sni generis. There is, 
and can be, no comjiarison between mi(Tosco}>ic and macroscopic 
vi.sion. The images of minute objects are not delineated microscopi- 
cally liy means of the ordinary laws of vefractlnn ; tliev are not 
dioptrical results, but depend entirel}' ou the laws of diffraction. 
These come within the sco]ie of and demonstrate the undnlatorv 
theory of light, ami involve a characteristic change whic'li material 
]>avticles or fine structural details, in ])voportion to their minuteness, 
effect in transmitted rays of liglit. The change (‘ousists generallv 
in the breaking up of an incident j'ay into a grou[» of ravs witli 
large angular dispersion within the range of whii-h pcriotlic alterna 
tious of dark and light occur. 

If a piece of wii-e be lield in a strong beam of diverg-ent Ii<dit .so 
that its shadow fall upon a wliile surface, the sliadow not K' 
sliarp and black, but surrounded by luminous fringes havin'; the 
colours of tlie spectrum, and the centre, where tlie black slmdow of 
the wire .should be, is a luminous line, as if tlu* win^ were transjiai'eiit. 
This phenomenon, as is generally known, is dm^ to the inflection of 
the diverging rays on either side of the wii’c. The iiil](‘cted ravs, in 
passing over one edge of the wire, meet the rays inflected hy tlie 
other edge and ‘ interfi've.’ proiluciugaltcrnate iiici-ease ami ilimimi 
tion of amplitude of oscillation or umlulatory intensity, ami giving 
ri.se to coloured fringes if wliite light is used, ami i f ^ homogeneous 
light bo employed giving origin to'idteniate liands of light and dark, 
the centre always being hiiiiiiious. 

Again, if a di.se perfoniteil with a very .Miiall hole in tlie c(‘ntre 
be held in a pencil of ilivcrging liglit, tlnW undulations whicli pass 
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airec-tlv through tho nurture interfere with those passing obliquely 
the" edge of the disc and produce, at certain distances, a dark 
ot at other distances increased brightness, on that part of the 
diadow’ wdiich is opposite the aperture in the disc ; so that ligdit is 
supplanted by darkness, and darkness changed to light, Vjy the discoial 
u]‘ inncord of the luminous waves. 

Tiidei-iendently of all experiment, the first principles of undulatory 
(Uitics lead to these experimental conclusions. The laws of recli- 
liuear propagation (»f the Inmiuou.s rays of reflection and refraction 
-ivc not ahsol'iUe. laws. They arise from, and depend ujjon, a certain 
' fjatioii between the >vave-l(aigths aiid the ahsolnte dimensions of 
tlu> objects by whicli the waves are intercepted, or I'cHected, or 
i-efracted. 

Taking as illustrative tbe waves of Hound, an acoastic shadow is 
(udv produced if the obstacle lie many times greater than the length 
of the sound-waves. If tlie oljsLacle is reduced, the waves pa.ss cr)m- 
iiletelv round it and there is no shadow, or if the notes are of highei- 
pitch," so that the waves are reduced, a smaller obstacle tlian before 
will produce the sluuW. In the case of light there 'are similar 
phenomena. If the ohstacles to tlie passage of liglit be large in 
(•oii\parison witli the wave-lengths, shmlow^ effects result ; but if the 
linear dimensions of objects are reducc<l to s/uaU imdtiples of the 
wavedentHhs of light, all shadows or similar effects of solidity mu.vt 
cease. As in the instances given alnn'e, light and <lai'k, or maxima 
and minima of luminosity, interchange their normal positions by 
hanmaiv or disharmony of luminous wa\ es. 

It is then by means of diffraction phenomena that Abbe is 
enabled to explain tlie formation of tlie images of objects containing 
delicate .stria^ or structure, ami reipiiring large a|)ertures for their 
complete or approximate deliueatinn. In the interests of this ex- 
position we must here for a moment diverge on .'^liglitly per.stmal 
grounds. It has been the good fortune 1 >f the present editor to obtain 
the courteous consent of Dr. Abbe to read and criticise the whole 
of the present chapter; however careful and earnest a .student of 
such complex and original w'ltrk as I)i-. Abbe has ilone and recorded 
in derinan and Engli.sli during the last thirty years or more, it is 
impossible to be wholly satisfied with the most .sympathetic and 
sincere <lesire to gi\c such woi-k a ]x>pular form unless it should 
have been perused and accepted by the author. Dr. Ahbe has read 
the entire chapler. and, with many genei'ous words besides, relieves 
the eilitor in his coiiscinusness of great responsibility by saying that 
he distinctly ap\)roves of the ‘lively interest and care which (the 
present editor) has bestowml on tlie expositi<ai of his (Dr. Ablie's) 
views,’ and that he feels ‘ the greatest sitisfaction in seeing (Ins) 
views re}»rosented ... so extensively and intensively. 

But bevond this, an original worker like Ih*. Abbe would almost 


iiiei itably 'fin<l in the course of yjmrs. reason for slight verbal and 
other more serious modifications of his infereiieos. exjdaiiations, and 
views; and the editfu* has great satis(aetio]i in being able to jmt 
these modifications wliere they occur, witli tlie ap[iroval of Dr. Ahbe. 

In the expositions of Dr. Abbe’s views on tlie diffraction theory 
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of microscopic \ isioii given \ip to this time, it lias been usual to 
state that he hehl and taught that tlie microscopic image consists of 
tu'o superimposed imeujes, each having a distinct cliavacter as well 
as a diilereut origin, and castable of being separated and examined 
ajKirt from eacli other. The one called the ‘ absorption image ' is a 
similitude of the objert itself, an image of the main outlines of the 
larger parts; but by the other image all uiluHte struetures, striation, 
and delicate eomplexity of detail mime eletDeuts Ue so close to(jeihei' 
as to occasion dlff'ractioii phenonfena can alone he formed, bec^uise 
these could lu^t be geoim^trically imaged. So that in the ca.se of an 
object with lines closer tliau the of an iucli a^iart, the image 
seen liy the eye is formed, not sim^dy by the eentral dioptric beam, 
but by the joint action of that and the superimposed diffraction 
images, and their extict union in tlie u])per focal plane of the objective. 

The first of these was held to he a /letjative image, repi'Csenting 
geometrically the constituent pirts of the object; but the secoiul 
was euiisidered n positive image hecau.se it delineates structure, the 
[larts of which a])ppar self-luminous on account of the diffraction 
plienoinena which they cause. It was this ‘diffraction image’ that 
w'as said to l)e the instrument of what has so long bc(‘n known as 
the ‘ resolving ’ power of lenses. 

But I)r. Abhe, watli the full light of furtlior in>’estigation and 
experience, does not hesitate to modify this explanation. He s^ivs; 

* I no longer maintain in ja'incijile tlie distil ictioii between tbe 
" absorption image" (m- direct dioptrical imago) and the diffraction 
image/' m)i' do I liohl that tlie microscopical imag(> of an oliject 
consists of two .superimposed images of different orujin or different 
mode of production. 

‘ This distinction, which, in fact, I made in my first paper of 1878, 
arose from the limited expcvimeiital character of my first researches 
and the want of a more exhaustive' theoretical consideration at that 
jieriod. I was not then able to observe in tlie microscope tlie dif- 
fraction effect produced by relatiiely coarse objects because my 
ex|ieriments were not made with objective's of sufficiently long focus ; 
hence it appeared tliat coarse- objects (or the outlines of objects 
containing fine stiau-tural iletails) wen^ dc'picteal by the directly 
transmitted beam of liglit sohdy. w ithout tlie co-operation of diftVaeted 
ligiit, 

‘ My views on this subject liave uirlcrgouo important uiodifica- 
tious. Theoretical ccmsieleratioiis have h*d me to tlie conclusion 
that there must always he the' same conditions of the delineation us 
loiuj as the objects are depicted h>} menus of tr a usmiited or refected 
(i>jhL whether the objects are of coarse or very tine .structure. 
Further experiments with a large microscope, having an objective 
of nhout twelve inches focal length, ha\e enabled me to actually 
observe the diffraction effect and its intliu'nce on the image, viewing 
gratings of not more than forty lim-s per iiicli.^ 

' Diffraction effects may lie rjbsei've<l vitlumt a microscope; they can lie easily 
demonstrated by observing' a Uuiip-rtunie thrnu<ili a linen iiocket-handkercliief or a 
fine gaiue wire blind. This can be done readily by iihicin^,' the eye close to the linen 
or wire. 
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‘ My present views may l)e tlms expressed : With crjursc (dejects 
tlie diffracted (bent off) I'ay.s beloii'^dn^r to a]i ineideiit ray or iieneil 
;ti'e (dl confined within a. eery narroir mhiidar fipace ((round that 
:ncldernt my, and do not a[)pear sojjarated from tliis except with 
(iltjectives of very long' focus, ffhe irhoh cjf suclj a narrow' <liffraction 
j.eucil is consequently always athnilted to tlui ohjecti\'e ioytiher with 
I he direct (incident) bi'ani, whatever may he the direction ofiiici- 
(leiice, axial or (d)li(pie. According to tlse ]irfjpositiou of p, 72(1) 
rlie image is in this case strictly similar to the object, i.e. the efliect 
is tiie same as if wo had a direct delineation i)y The ineident cones 
of light alone, and as if the image did not depend !it all u])on the 
.tiffractive action of the f>l>iect. 

* If Tve have a pre[)aratIon like a diatom — a relatiT'elv Cf)arse 
ohject, including fine stnu'tnra] dctails--(n- another prejiaration con- 
Taiuiiig coarse elcmeuls and fine ones iii juxtaposition, the total 
dini-action effect may be se]:arate(l (thenrKically and practically) 
into two pu'ts ; (1) tliat whirl i dc'peuds on. cu’ (■ovrespon<ls w ith, the 
coarse ohject (e.g. the outlines of the diatom) or to' the coarse 
(‘leiiients • and (2) tliat de^iending iqion, or resultiiig from, the fiiie 
>f riictural iletiiil nr the minute elenumts. Tlie for(^gr)ingcousidcration 
apjilies to (1) : this constituent part of the total iliffractioji pencil 
uf the jirepa ration which is admitted to tlic ohjective con‘p\(ddfp 
indc]!eii(leutiy of the limiling action <)f the lens opening, and hence 
rhe corresponding parts of th(‘ object (outlines A'c.) are depietod as 
if ther(‘ were a direct delineation, i.e. in perh ct similaritv — even 
\^ith low apertures, Tliose diffracted rays witiiin the whole diffrac 
tioii peiK'il which are due to tla' /eo.'e/c elements arc .■'tronglv 
deflected from the incident beams to wliieli thev belong.’^ 

.According to the less or greater ap*u-turc of the objective and 
tile a.xial or ol)li(pie incidence of tlie illuminating pencil or cone. 
dth part of the total <liffraction pencil will l»e siiljeet to a more or 
less incomplete ;nlmis.sion to the ohjoctive. and the eorresponiliiii^ 
image will therefore show tla' ehavacteristic traces of the dillraetion 
image, that is to say, change of aspect with ililfereiit apiernires and 
diflereid. illumination, di.ssiinilavity to the real structure, ami so 
forth. Thus we have yrnrtkuHy, in inust ca.^e.s. a composition of 
the luicroscopical image, consisting of two superim[)o.sed iinaires of 
ilittla-ent behaviour. But, the differeuce is not to be CvOisideia'd one 
'd pruidpk, .so fai* as jirodoriton of tlw' image is coiawned ; for 
it dtjiemls solely iqHUi the diilerent angnl.ar expression of the diffrac- 
tiiTii fans I’csulting from coarse and from extiaaiielv lira' iTanents.- 
Besuming, then, our illustration of diffraction phenomena as 
ajtplied to the tlieory of mieroscopic vision, we wouhl point ont that 
[lerlmps the most seiwiceal lie illn.straTion for oui' ]iui'p(>se is a plate 
of glass ruled with fine jiarallel lines, If tlie tlaine of a candle he so 
[ilaced that its image maybe seen through tla^ centre of the ]»]ate. this 

j Letter from Dr. .\l)t)o. 

lliHs itnitpearw Iluvt liotli tlie ‘ iiliserptiun inia;:c’ ' amt the “ ditTnuaioii image' 
are now heUl to be equullv of difTriietion origin ; but. ivliiLt a lens of small apfrlnro 
wiHila give the foruter with facility, it woakl be iiowerless tormeal the latter because 
of its liiiiitecl capacity to gatlu-r in the strongly detleeted ilifTriUlioii ruvs due to tile 
numifer elements. 
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imm' " ill tK. cle:..- «ua uucolouv^l l...t it will be tl,«ike.l on 
i.itbei- -ii.lf i)V -1 v.ov (>f('iilom'i'a,«iiertVii of tlie Hume whicliiii’e timtci- 
!uur„i.e'e aim -m tliey r.vea.- from tl.e eentve : fig. 48 illilstl'etes tills 
\ shuiluv |Au‘iiunu^!iuu iu:iy also he proihieeH by dust scatteveil 
over a o-hs^; .ilate anO hv <^tbei' objeets whose struetuve eoutaius very 
iniim'teV.vtieles. tlie liylit. sufleviiif! a elmraetevistic eliaiip- in j«i.ss- 
tlirouyOi sucli ol>jects. that elian^^' 
eoiisistin^ in tiie Invaking up of a 
parallel beam of light into a group of 
ravs lUvergiiig with wide angle, ami 
fu'uiing a regnilai’ series of maxima ami 


Fio. -ts. 


minima of ijHensitv of light due to differeuee of phase of vilmatioii. 

In the same ^vay in the mieroseope tiie diftvaetion peiieil origi- 
iiatiiiy from a iieam ineideut ujion. tor iiistanee, a diatom appears 
as a fan of isolated rays, deereasing in intensity as they are furtlioi* 
removed from tim tlireetioii of tile iueident iieam transmitted tlirough 
the strueture, the interfeveuee of the primary waves giving a number 
of sueeessivt' maviina of light, with dark interspaees. 

AVith daylight illnmination if a diaphragm opening he interposed 

between tbe inin'nr ami a platt" ot nded lines plaeed u]ion the stagt*. 
the apptNiraiiee shown in fig. 411 will lie ohserved at the baek of the 
ohjeeti\e on removing tlie eye-pieee and 
looking down the tube of tlie mieroseope. 
The eentral eij-ele is aji ijoag-pof tjumlia- 
pliragoit opening jii'odneed bv tiiedii-eef. 
so-ealled noji-diffiviefed im's, wln'Je those 

Cv O O j ta'odueed liy the i-ays wliieh are bent off 

/ from tbe iueident peneil. Inhomogene- 
ous light the eenti’al and lateral imae'es 
agree in si/.o ami form, but in white liglit 
the dihraeted images are, radially dinwn 
out with the outer edges red and the 
inner lilne (the reverse’of tlie ordinarv 
speetruin), forming, in fiet, regular spee- 
tra, tin* distanee repainting eaeli of wliieli varies inversely as the 
closeness of the lines, being, fir instanee, with the same ohjeclive 
twice as tar apart when tlie lines are twice as e]o.so. 

The formation of tlu‘ inieroseopical image is exjdaijied liv tin* 
faet, that (he rays eoilected at tlie iiaek of tlie olijeetive, depleting 
there the direct, and spectral images of tlie .source of light, i-eaeli in 
their tnrtlier course tbe plane which is conjugate to the oliject. ami 
give rise tliere to an interference plionomelu>u (owing to tlieconuee 
turns of tiie undulations), tliis interference etfect givijig tlie ultimate 
mmge which is oiiserved by the eye-piece, and which therefoiv 
ilepends essentially on tlie number and di.strilmtion of the diftVacttd 
heiiins which enter tlie oliji.H'l ive. 

It would e.xceed tlie limits and tlie object of this liaudliook to 
attempt a theoretical demonstration of the action of diffraction 
spectra m forming the images of tine structure and striation so ic 

to atiord ‘ resolution.^ Those who di^sire to pm’sue tlii.s part of tin- 
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Mibiect may <lo so most i^ofitaltly by the stu<ly of the only book in 
nui' lans^^'S^ exliaustively with tl)e tbp.ory of modei'n 

liiicvdseonuJIl optics, viz. the translation of Xaegeli and Schwendener’s 
• Microscope in Theory and Practice/ translated and [placed witlnn 
th(‘ reacli of English mieroscopists by the joint labonr of Air. Frank 
Crisp and Mr. John Mayall, j\ni. The experimentiil proof of the 
diffraction thcorv of microscopic vision lies within the ran^e of our 



50. — DilTniL-liim 



Fni. 51.— DifFi'iictioii imaj^e at b.ick 
of lens without eye-picce. 


puroose, and the follow! n^^ e.xperimcuts will suffi<‘c to show tho.so who 
ii(».sses.s the instrnnient.s, and desire the evidence, that to the action 
of (liffVactimi .spectjn we are indehted foi- niici'oscopical delineatioii. 

The iir.st expcnnient shows that with, for instance, t/ie (-entral 
heam, or aiiv one of tlie .spectral be;inis .alone, only the contour of 
the object is seen, the addition of at least one (liffi'actioji spectrum 
lieiiiit e.s.sential to tlic visibility of the .sfi-nctnre. 

Fi<;. oO sliow.s the ap|)ear;incp presented lyv an ulject composed 
of wi(ie and narrow lines ruled on ^dass when viewed in tlie ordinary 
wav with the eye-pioce in place, ami ti,<t. dl the appearance jwesented 
at the hack of the objective when the eye-piece is removed, the 



s[icctra heini; ranged on citlier side of the central (white) iina^e, and 
at rijiflit aiiijfie.sto the direction of the lines ; in accordance with theory, 
they arc fnrtlier a[)art f)r the fine lines than f>v the wide ones. 

If now, by a diajdu'ajjfin at the hack of the objective, like fig. 52. 
we cover up all the diil'ractioii-sjHHdra. allowing only the direct rays 
to reach the iiuagc, the rdrject will appear to he wholly de}>rived of 

p 2 
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fiiH- detail only tlit^ outline veinaiiiinpj, and every delineation 
or iiiiuute stnu-turo disappearing^ Just as if the microscope had sud- 
detilv lost its (>i)tioal })o\vei‘ (see lig. 58). ^ 

this illustrates a case of the ohUUmikn (3t strueture hy obstruct- 
im-- the passage (if the diffraction-spectra, to the eyo-pioce. 

'' The socoikI experiment shows how the a[)pearanc(^ of fine striieOire 
may be created by manipulating tlie spectra. 



If a iliapliragiu .'■ueli as that show n in ilg. 5T is placed at the hack 
of the (ihiective, so as to cut o(f each alternate one of the upper row 
of spectra in tig. ott that row* will (jhviously hecoiiuMilentical with 
tl\e low er one. and if the theta'y luilds good, we sliould iiiid the image 
(if 1 he upper lines identical with that of the lowaa*. On rc[)lacing 
tlie eye-pioce vvc see that it is so ; the upper set of lines ai'e (haibled 
ill uiiiidiei'. a new line ap[Hairiiig in the et'iitre of the space hctwecn 
each of the old (ujiper) om^s, and upper and low'er sets having hccomc 
to all appearance identical (tig. a.l), 

III the same way, if we .stojt off all Init the outer sped in. as in tig. 
56, the lines are apparently again dnuhled.aiid avesnai as in lig. 57. 




A case ot ap]!arent creation ot structure similar in priiu'iplc t<> 
tlie foregoing, though more striking, is atfonh'd hv a network of 
s<piares.such JUS fig. 58, liaving puralM to tlie page, w hicli gives 
the spectra .sliown in fig, 5!)^ consisting of vmlicjil rows fir the 
honzontal lines and hori'/.ontid rows for th(‘ vertiesd ones. Hut it 
Is lavadily seen tint; tw() dijigonal rows of spectra exist :it right 
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angles t<> the two aiagoiials of the w.jvinres, just as wouia arise from 
sets of lines in the direetion of tlie diagoimls, so that if tlie tlieory 
liohls good we ought to lind, on ohstrmstiug ail the other spectinaiid 



Fui. 53. 

allowing only the diagonal one.s to pass to tlie eve-piecv; tliat the 
vertical and liorizontal lines have disappeaiod. and two new sets of 
lines at rUjht owjUs to the diatjoimh have taken their } lace. 



Fill. (50. Frc.Ol. 


On inserting tlie diapliragni, tig. 00, and replacing the eye-piece, 
we tind, in th<> place of the old network, the one shown in lig. 01, 



Fiu. iw. 


Hie sijuares lieiiig. Iiowever, smaller in the jirojKirtion of 1 ; s/2, as 
they should he in exact aceordance witli theorv. 

All ohjeet such as ontjnluium, which gives six 
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.liHVMOtkm spectra anaiigeT asiii fig. 62, slioiild, according to theory, 
vliow markiugs in a licxagonal arrangemeiit. tor there ^vlU be one 
set of lines at right angles to h ae, another set at right angles to 

/; ainl a tliird at right angles to ry (L These tliree sets of lines 
will obvi(aislv prodiKv the appearance shown in fig. 6;h 

A ^M-eat variety of other a])pearance.s may be [mxluced with tins 
same a^iTangement of spectra. Any two adjacent spectra with the 
(anitral beam (as be a) will form equilateral triangles and give 
hexagonal markings. Or by stopping oil' all but (j ce (or h dj) we 
a'^ain have the spec'tra in the form of equilateral triangles ; but as 
they are now fnrtlan- apart, the sides of the triangles in the two 
ca.ses being as 8 : I, the hexagons will be smaller and three times 
as niimerons. Their sides n ill also be arranged at a different aiigh* 
to tho.se of the first set. The hexagons may also be entirely 
obliteratcd bv admitting only the spectra ij c or <// or hf, k*c., when 
new line.s will appear parallel at viglit angles or obliquely inclined 
to the median line. 

lly varying the coinbinatioiis of the spectra, therefore, different 
fitoives of varying size and ])ositions are [ii’oduced, all of which (“annot 
of course ropre.sent the true structure. 

In practice, indeed, it has been jiroved that it the position and 
relative intensity of the spectra, as found in any [larticular case, be 
given, what the resultant image will be can he reached by mathe- 
iiiatical calcnlation.s wholly, and with an exactness that may even to 
some extent transcend tlie results of pre^‘K^us obsc“rvatK)ii on the 
actual image of the objera. whose spectra toianod the mathematician s 


(lata. 

Tf /^ OiKjtilatiOfi lie illiniiinated hv centr.al light transmitled 
from an achromatic cemdenser, and examined by means of a homo- 
geneous lens of large appertnve. IMr. Stephenson points out ^ that 
under ordinary conditions it would show, on withdraAving the eye- 
}>ieee and looking down tlie lube, one bright central light from the 
lamp with six cqnidi.stant surrounding diffraction s[;eetra, ]irodnced 
by the lines (*if. indeed, linos tlu-y be ') in the object itself. Ibit let 
a stop made of black })a[)er, w inch eidirehf exclmh's tlu^ central iieain 
of light, 1)0 ]daced at the back of the obj(-‘c( I\ e and clo.se t() the ])os- 
terior lens; in the sto]) let six marginal ojienings be made througli 
whidi the diiiVaction spocli'a may [la.ss. On examining tlie image 
we find that in lieu of the ordinaiw hexagonal markings the valve 
a])pears of a beautiful blue eolo^ir on a black ground, and covevt'il 
with circular spot.s, clearly defined, and admitting of th(‘ use of deep 


eye-|iieces. 

This is pi'ecisely what we learn from A))be that the diffraction 
tlicorv invokes. In support of this, the philosophical fuadty of the 
L nkersity of Jena had [>rop(Ased as a (jiii'stioii to the inatheinatical 
.stuilents tlie efieet [iroduced in tin* miei'( (scope lyv tliese interfereiu'*' 
phenomena. One pruhlcm was that of tlie ajipearancc prodneed l)v 
six ecjuidi.sfant spectra in a circle ; they correspond precisely witli 
tlie spectra of P. (ViKjtduiuu}, as acces.sjble to ns with onr jaesciit 
numerical aperture : and the diagram r)f the diffraction image, dc' 


‘ Jonra. JC.V.pS', vol. i. iSTs, p isa. 
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(liiwl frolic theory, of what spectra of the giveo position ami iiiten- 
>iiv of tiie proposed datu should give is seen iu hg. t)4. But wliat 
>eeiiis quite as much to the purpose is, that Dr, Zeiss lias produced a 
iiiie photograjjh of P, (uujidaiaia, givmi in Plate X., where it will 
he seen that the details shown in tig. ti-t appear. 

Let it be clearly understood that this does not pretend to be an 
interprehition of the markings of the iliatom ; it is only held by 
Abbe to be an accurate indicatuai l)y calculation of what image tlie 
4 iveu diffraction speetrsi shoidd produce. An optical glass and 
iiicdia. for ‘ mounting ’ and ‘ immersion ’ of immensely greater rcfrac 
;i\ o and dispersive indices - at jiresent wholly hiacccssilile to us - 
laiist, he contends, he found and employed liefore nil the didVaction 
-pectra of P. muivhdinn could lie admitted to form its absolute and 



Fu;. tu, 


complete ‘diffraction image hut from such sjiectra as tlie objective 
employed can admit, it is maintained by Abbe tliat the luatlie- 
matician can accuratelv sluuv what the image will he. lntheca^e^tf 
P. nntfidntinn theorv indicated the optlctd, Imt fiot /lecessarllji the 
diUfciurnl existence ^ nf sinallm* markings, shown in tig. <14, between 
the circular spots. These had not been before mut hyolververs ; and 
the matheinatieian who made the caleulation (Dr. Eiehhorn) liad never 
seen the iliatom under the mievosco]i<‘ ; Imt when Tlr. .Stephensoji 
re-examined the ohjeet — stopping out tlie eentral beam as above 
descrilied and allowing the six spei'tra only to )>ass — he saw tlie 
•'iiiall markiipirs, ami simwed them at a meeting of tile Koyal Micro 
s(‘opical Sneiety to many experts who were tliere. They were small 
and faint, and no ilouht purely ojdieal ; and. we learn fcoin eNperiment. 
iiiav readily escape oliservation : Imt by careful investigation tliev 
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are as present to tlie observer as tliey are ca [table of beiitg demon- 
strated by ealcnlatiuii to the iiiatlunnatieiaii. 

Cleaiiv, then, on (best* assmn[itions and with all other eonsidcra- 
tions put aside, imv hiiest hoino^ijeneous o])jcetiv('s of greatest ajter- 
ture iikwitablv fail to reveal to us the leal structure of the finer 
kinds of diatom valves. We learn that ^lissihiilar structures will 
give hhntk'ul mkt'oiicopiad ‘nixtpes when the dijf entice of their 
diffraelive eftcot is removed, and conversely sh^ddar alnx'tin'efi may 
ifive dhsundar hna<jefi when theii' diffractive iiiiages aie made 
dissimilar. A purelv dio[)trie image answers point for [>oint to the 
object on the stage, and theref)re enaldes a .s^ife inference to be 
drawn as to the true nature of that object ; but the diffraction or 
interference images of iniiinte structure stand in no direct relation 
to the nature of tlie ohject. and are not of necessity cmiforma!)le to 
it. A.s Dr. Abbe Ins alia'ads' iiisistod, minute structoial details are 
not imaged bvthe microseo[)e ge:)inetri<‘ally or dio[>tricaily and can- 
not be inter])ret (‘d as Imayes of laoieruil for tua, but only as sUjuh of 
material diffei’enees of eom[)ositi(>n of the [;arlicles comjMJ.sing the 
object, so that nothing more can sifely be inferred from the image 
as [)re.sented to the eye than the presence in tlie oliject of such 
strnctnrnl ])eculiarities as will produce tlie s[)ecitie diftraetioii [ilieim- 
mena. on which the images de[iend.^ 

It follows, therefore, that the larger tlie number of diffracted rays 
admitted into tlie objeetive the yreater Is the s'nnUardtf heio:eeii th*' 
uimye and the ohjeet, I'ut carefully observe — 

(1) Perfect slio da )' it y these de[iends always on the a<l- 

mission to, and utilisjition liy, the optical combination of Me mAo/e of 
the ditfracte<l rays wliich the struetiire is (v an potent to emit. 

For the s;uue reason tlie diffraction fiti of isohited, corpuscles or 
ti(((ieU(i in a clear field must lie exactly iilentii'al to tliat of cipial- 
sizeil holes or slits of equal slia[je iu a dark background, ami theory 
.sho\\s tliat there must be a continuous and nearly uniform dissijia- 
tion of (lilfraeted liglit over tlie whole hemis[)liere, [wovided the 
<llameter of the object is a small fraetinn of the wa\ e-lengtb of light ; 
ami this wouhl be so ('ven in a medium of highest known refraetivi* 
imlex. Pack isolaiedj ohjerts Cf(o. t)e seen, hon'eeer lainnie ihey inay 
h '. ; it is iiieioly a <|uestion of emitiast in the distribution of light, of 
good definition in the olijeetive, and of sensibility of the retina. 
The dift'incthiii theory does not put a limit to i'isihdit;i with niicro- 
.s<-o])ic objectives; it simjily ])rnves, in theory and practice, what is 
the limit of visible s<y)arotioa in fine siriation and structure. 

In the visible flagellum of lUictrriinn kr/oo only a fraction of a 
wave-lengtli in diameter ap[pears as of eoiisideialfly increa.sed dia- 
meter. even witli a very wide aperturt'. The image seen is that of 
another thread, tlu‘ e )m[iosition of wliieli theory can bo eiU[>loyed to 

* See Al)}>e’s note, [>, ftj. Hut wi’ <'iiiiiint pass over in this wniu’ftioii thi* 
reniarkahle papT in the Jonru. ipwkftt Vhd), ser ii. vol. iv, on the * Sub-staoe 
Condenser,’ by Mr. Nelson. His plioto-inicrojjraphs ilhistnitinf^ the nnituble difTruc- 
tiou effects of tlie ‘ small cone ' (pf oliltipie illiiniiiiiition, a.s distinct from a ‘ solid central 
cone,’ and the ciiriou.s ‘ ghostly ’ diffraction images of the former, ns distinct from tin- 
iiiumitable diffraction iiua;;es of the latter, deserie careful coiiHidcration. From 
|). l‘2"i of the paper this matter is carefully discussed. 
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which would give an exactly similar diffraction fan, but 
ibriiptly broken off at the limit of the aperture. Theory sliows tliat 
•1 thvead'shai)ed object which could yield hucIi a ikurticular diffraction 
effect inn.st (without considering other ditfei'ences) V>e gmiter id 
hi‘eadth than anothei* one yielding the Ihil cont.inuc>iis dissipation of 
lifht; iu other words the actual thread, so inconceivably fine, 
hcloindiig to lhi> Bacterium has produced a ‘diffraction effect’ 
lln-ougb the microscope, resulting in the appearance of a. thread 
which is the ‘ diffractitai image.’ Hut this latter is greater in width 
than the actual thread or I'rotoplasinic fibre would be could it be 
<rcu directly without tlic aid of (liffractioii. 

(2) AVhenever a portion, (d the total diffraetion fan appertaining 
vu a 'dven structure is lost, the image will i^e imu'e or less incornpkte 
and dlsslmihr fi-om the object; and in general the dissimilarity 
will be the greater the smaller the. fraction of light admitted. With 
>truct\ires of every kind (regular and irregular) the image will lo.se 
more and more the indications of the minuter details, as the peri- 
pheral (more dellected) rays of tlic iliffVactiou pencil' are move and 
more excluded, I’he image then becomes that of a different structure, 
namely, of one the v'hole of n-hose diffrarted heinns‘ would (if it 
physically existed) i)e represented l>y tlie nilllsed diffracted beams of 
the structure in (piesliun. 

At this jdacc it is suitable to point out that l)r, Abbe em- 
pluisises to the present etlitor the imjiurtance of interjiveting the 
■intercostal points' shown hy ^Ir. Ste]>hensoii in I\ asojulattna 
(ti*;. (U) as imt a revelatum of rml strnctiire. ‘The fact is that the 
iuiitge, which is obtained by stopping off the direct beam, will be 
more dmmlhu' from the real structure than the ordhwnj image. 
It lias already been shown that the directly transmitted ray is a 
con.stitueul and most essential }iart of the total iliflraction pencil 
appertaining t(^ the structure; it i.s the ceutral maximum of this 
pencil. If this be .stopped off a greater jiart of the total diffraction 
pencil is lost than otlierwise. and the image, consequently, is a more iu- 
ccmplete one, and therefore mm-e dissimilar than the ordinary image. 

‘ The Inierestif thee.ri}erhimnt oi (jnedlon is consequently conliueil 
to two jioints, viz. — 

i, ‘It is an exeniplihcalion of tlie gineval propositKUt that the 
same object affords ditferent iiKojes ii' ditlevent portions of the total 
iliffraction tan are admitted to tlie objective. 

ii. ‘The image in ijUestion shows to the observer wliat would be 
the true aspect of that structure which will split up au incident beam 
of light into six i.solated ma.xima of second order of e<jual intensity, 
suppressing totally the (central) maximum of the first order, as 
iig. i)5: a structure of stub a pavTiculav ami iinusnal diffractiiin effect 
is theoreticallv possible, although it may he prohably impossilile to 
realise it praeticallv. Mr. Stcqiheiison's experiment shows, in tact, 
the true projectum of the hypothetical structure. 

(3) ‘ As long as the elenients of a structure are large multiples of 
the wave-length of light, the breaking u[) of tlie rays liy diffraction 
is coiifineyl to smaller and smaller angles : that is, all diffracted rays 
of pei'cejitible intonsitv will be comprised within a narrow cone 
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nvoiuul the ion of the iu(‘i<}eiit benin from which they originate. 
Ill such :i <';ise ex'i'ii small apertures are ea]»ab]e of admitting the 
trhoh. 'Hie images of siu'h course objeets will therefore lie always 
perfectlv similar to the objeet, ami the result of the Interference 
effect is the same as if there were no dillraction at all, ami the 
object were a self-luminous one. 

(4) ‘ When the idements of a stnu'ture are reduced in diameter to 
smaller and smaller uiulti])les of (he wa\e-length -whicli corresponds 
to the medium in wliich the object is, the difl'raction pencil originating 
from ail incident beam has a wider and wider angular expansion 
(the <lin'racted rays are fui-tluu- apirt) ; and when iliey are reduced 
to only a few wave-lengths, not even 
tlie ]iemis])here ean embrace the u'hoh 
diftraction efiect wliich appertains to 
the structure, lii this case the whole 
call only lie obtained by shortening 
the wave-leugtli, i.e. hv increasing 
the refractive index of tlie suri-ound- 
iug medium to such a degree tViat the 
linear dimensions of the elements of 
(lie olijeet become a. large multijile of 
the reduced uavi'-leiigth. With veiy 
minute sti uctnres, the dilfractioii fan 
which can lie admitted in air, ami 
{‘veii ill water or balsam, is only a 
greater or less ccntr(d portion, of the 
wh(de possible diffraction fan cori‘e- 
spomling tothose structures, and which 
could he obtained if they were in a 
medium of much shorter wave-hmgtli. 
Undei' tliese circumstances no olijec- 
tive, however wide may he its aperture, 
can yield n complete or stricth/ similar 

iiOfOje.' 

It is at points of sucli extreme 
delicacy and moment as this lliat the 
diffraction h\ pothesis of Dr. Alilie is 
so liable to misapprehension and mis- 
iviter[>retatioii,and a further note from 
him relating to tlie dissimihtrii/j of the 
image in the ease of ineomplete admis- 
sion of tlie diffraction pencil will he of 
great value liere. 

i. ‘ 111 the case of regular periodic 
structures (i.e. equidist ant striaarows of apertures, ‘ dots/ and .so forth) 
the distance of the lines apart is. even with an incomplete admission 
of tlie dillracted ligl it. always depicted correcibj] that is to say, the 
nuuiher oft he lines per inch is never changed, /ire re the direct lieani 
(i.e. the central maximum of the diffraction [\m') is (idmiii.e.d. to the 
ohjeeiire and, at le<ist (ate of the next diffna'led raps., or, in o< lier words, 
one of the next maxima ofseeoiid order. The rmxje of disshnilaxiti/ 
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is in this case confined to tlie i)roi.X)i'tion between the bright and the 
dark interspaces of the striation and to tiie appearance of tlie com 
roars of the sti'he. 

‘ If not iiKtre than the slid Uco rays the total diffraction fan are 
admitted, the dark and the liglit intervals arc r/b/y/i/s sliown of 
approximately cqafd hremlth, even if the real proportion of hoth 
intervals difiers much Ivoni 1:1; and tlm dark and lariglit stihe slmw 
always increasing and decreasing hriglitness; in other 

words, want of distinct contours. 

‘This phenomenon shows tlie typical picture of e\evv regidai- 
striation for the depiction of which not more than two (litfi'action 
rays can he utilised. For example, A ptllackla^ uv anv 
otlier striation which is near to the limit of resolution for the optical 
system in use, and, thei'efove, even with oblirpie light, laings onlv 
tme. diffracted heani into the objective. 

ii. ‘ Whenever a strncture gives rise to a diftraetion fan of con- 
siderable angular extension, the observation witii a central incident 
beam or axial light may lose a gi'eater or smaller portioJi of the 
u hole diffracted light if the angular expansion of the fan extends to 
rlie aperture of the objective in use. But oblique illumination must 
always invohe a loss, and this loss is not confined to the cxtei'ual 
(peripheral) rays of the diffraction pencil (as is the case in central 
light), but the portimi lost will more and more extend to one full 
half ot the wdiole when the ohliepiitv is gTaduallv iiicreased to tlu* 
utmost limit, so that the direct- ])eam touches the edge of the ajjer- 
turo. It follows that the images which are ubtiiiiied witii obUq,r.i 
light will always be incomplete and not sihitlur to a geometrical 
projection of the (diject ; and generally (though not always) more dis- 
similar than those liy central light in regard to lhe minuter details. 

• Strictly similar images cunnot be expected, except with a 
ilUuninatioii with a narrow incident ixmcil, hecause this is the 
necessary condition for the passible admission of tlie wliolc of the 
diffracted light.’ 

Let it be noted that these jivincijdes of the diffraction theorv of 
microscopical vision relate to structures of all kinds, whate\er I'nav 
he their physical and geometri(‘al eomposition. Irregular stmicturos. 
isolated elements of any shape, equally produce diffraction effects, 
oh.sei'ved either by transmitted or reficcted light, and being either 
transparent, semitransparent, or opaque. 

The value of a = n sin indicates the nnmbei- of rays wliieli 
an objective can admit. ; 1he aperture equiv alent measures the vei-v 
essence of microscopical performance. It measures the degree iu 
which a given objective is competent to exliibit a true, complete 
delineation of structures of given minuteness, and conver.sely the 
proportion of a in difierent. objectives is the exact measure of the 
ditfeveut dcx/rce ()/■ <ff structural details which they ran 
reach, eitlier with iierfect similarity of the image or with an equal 
degree of incompleteness of the image, provided that the jmrely 
dioptrical conditions are the ,s;ime, 

‘ Resolving ’ power is thus a special function of aperture. The 
limit of visible separation in delicate slrneltue and striation is 
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(leteriiiiiied by tlio fact tliat no resolntion can be effected unless at 
least two difti action pencils are admitted, and the admission of these 
we have seen is absolutely dependent on the aperture of the objective. 

Tlie rule given l.iy Professor Abbe for deteiniining the gi-eatest 
number of lines per inch which can be resolved by oblique light will 
be found (taking any given colour as a basis) to be equal to twim 
the ntmber of unchdaiiotis in an inch multiplied by the numerical 
aperture. 

To those who have stiulied this subject it will be seen that the 
‘ numerical aperture ’ here takes tlie place of what was formerly the 
■sine of half the angle of aperture ; ' and it has the effect of giving 
the proposition a broader generality. By using the ‘sine of half 
the angle of aperture,’ the pi'Opo.sition i.s only true with the addition 
that tlie number of undulations be calculated from iiie wave-length 
within the special medium to which the angle of aperture relates. 

Ill introducing the numerical aperture instead of the sine of the 
angle, tlie latter (the sine) is increased in the proportion of 1 : n 
(/i standing for the index of the medium), and that has the same 
effect as increasing the other factor the number of undulations, 

WJiat the colour employed should be is only capable of individual 
determination, since t.he ca[>acity for appreciating light varies wdih 
different individuals. 

If. for iiistiince, wc tiike ’43^ in the solar s|)ectrnm as 1 icing 
sutliciently luminous for vision, wo find tlie maximum — so far as 
seeing is conceriied— to he 118,000 to the inch (the object, in this 
ease, being in air); but as the noii-huuiuous chemical rays remain 
in the field after the departure of the lisible spectrum," a jihoto- 
graphic image of lines nuich closer together might be produced. 


3 , 



This important subject can scarcely he considered complete, even 
in outline, without a brief consideration, in their cumliined relations, 
of apertures in excess of 180® in air and the special function thes(‘ 
apoi'ture.s posse.ss. 

1. Snppo.se any object composed of minute elements in regulai- 
arrangement, such as a diatom valve ; and, to confine the considera- 
tion to the must simiple case, suppose it illuminated by a narrow 
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:(xml pencil of incident riiys. If this object k observed in iiir, the 
i-iuliiition from every point of tlio object is, in cousei^uence <>f the 
ditfraotiau eflect, composed of mx oxial pencil K, fig, 6(5 (the direct 
(•initiuuation of the incident wys), and a innnbei’ of bent-ofl' pencils, 
Sj. B2, . - - siUTounding Bd 

]f, now, instead ot air, the oljject is iinrnevsed in a medium of 
mvater refractive index, n, it results from Fraunhofer’s formula that 
the sine of the angle of deflection of the first, second, . . . bent-oif 



Iteaiu is retlnc.^d )vi the exact }iropovtion of /j, and the angle i- re- 
tluced also- that is, tltc whole fan of the diffracted vavs is cunIriirtM 
iu coinparismi with its extension in air. Fig. 67 will re})resent tlu' 
case of the saitio object in (fil. 

If now any dry ol\iective (with a given angular semi api-rtuti- ") 
is capable of gatliming in from air tlie fij'st, or tlm iicst ami secorid, 
ditlVactiou beams on exerv side of the axial pencil, another oljcetive 
with a more dense front medium of the refractive index. //. will be 
capable of admitting, from within the (lettse medium, exactly thewo;;c 
beams (no more and no less), if its tiinjfdffr semi-aperture, r. i> 'ci's 
than II in tbe proportion ; 

sin r ■ sin >1 — \ : a, 
or 

y; sin r = sm n. 


all <»lher circumstaiiees — object and illumitiation - remaining the 
same. 

For example, a iliatom for wluclitlie ilistance of the striie isi'aj^f. 
will give the_^/’si hent-olf beam of green light (\ = '’hd/i) in «ii' under 
an angle of 66'. This will he just admitted by a dry objec'tive of 
ld3° aperture. In hfilHttm (a = I'd) the same ]’.eiicil will 

be deflected l>y 37'5° only, and would he admitted, tlierefore. by an 
objective of not more tlian 7.1° bals/uD-angle. Again, if the distyutce 
of the lines, .should he greater, as 1'2/). the secOiid defiected beam 

' In figs, (l(i, fit, lUjtl CiS S, iurl S,, arv siijijHist'd to br iliailical with Uio surtaces, 
liut lire drawn at a slight inclination to tlicni for the purpost. of clearness in the dia- 
graius. 
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u'ouia be emitted in air inider an finglc of 66'5", but in hdsam the 
t/iird would attain the same obliquity. Wliilst now the dry objective 
(if I ;};l° air-angle eaiinot admit moi-e than the two first diftraetion 
Iieams on eaelj^siile of the axis, the immersion of I bali^im-angle 
isca[iable of admitting from lulsiun tliree on each side under exactly 
the same illumination^ 

Ft follows, thei’efore. that a balsam-angle of denotes the same 
aperture a.s the larger air-angle of 133°, and a balsam-angle of 133° 
a mueli greater ai)ei'tnre than an air-angle of the ^snne numher of 
degree.';,'^uul in general two a}iertures of ditierent objoetives must be 
eijual if tlie siiit's of the semi-angles arc in the inverse ratio of the 
refimdive index of the medium to wliieli they relate -'Or, whieh is tlie 
same thing, if the product of the refractive index multiplied by sine 
of the angular semi -a [lertiire (?Ksin a) yiehls t he same value tor hotln 
i,e. if they are of the same numerical aperture. 

2. Hupiiose the same object to be observed by a dry objective 
of a given air-angle, at fii-st in air uncovered, and then in biWin 
prote(-ted bv a cover-glass. Tlie first (“ase would bo repre-seuted by 



fig. 66, aiifl the second by fig. 68. As we liave seen, the group of 
diffractcil licam.s from the object in Vialsam is contraekd in com- 
parison to that in air in tlie ratio of the refractive index. Fhit 

' Tilt* following; ai‘(* tlie actaal represented Iti tlie diagrams, vix. : 

(Striie - '2‘'i pt, \vHve-len<(tli ju, medium air u -1.) 

S,-14= 30’ 

5., . 30- 0' 

S,= 48' 36’ 

S 4 -. 90 - O', 

-'I’i jx. wavedeiigth A-'li.) p., medium balsam a • TS.I 
36’ 

5., =-l!)"‘28 
S3 = 30 - (C 
84 = 4!“ 4S' 

85 -56'- 26' 

8,; .- 00 ' O'. 
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IlOMOGENEOrs VERSUS DRY OBJECTIVES 


79 


to tlie law of refractidii, tliis group, on passing to air by 
tilt' plant' surface of the covering-glass, is spmal out — the sines of 
rlic angles being coni[>aretl — in the ratio oftliejsiuie refractive index. 
Consequently the various diftVaction pencils, tlie first, second, . . . 
on everv side, iifter their transjnission into air, have exactly the 
>iune obliquity which they have in the case of direct emiasioti in 
iiir from an uncovered object. 

Jf now any dry objectii'e of, say, 1113° air-aiigle is capnlde of 
admitting certain number of these jiencils from the uncovered 
object, it will admit exiu'tly the mme pencils from the lial.sam- 
iiiounted object. The contracted con{^ in bjiJsjim of 75° angular 
jtperture embraces all rays which are emitted in air within a cone of 
133°. 

The aperture of an objective is not, thei'efore, cut down by 
mounting the object in a dense medium, for no ray which could be 
taken in from the uncovered object is lost liy the balsam-mounting. 

3. A comparison of figs, (ifi, ()7, and 58 will show that a cone of 
82° within the lialsain medium emhi'a(‘es all the diflracted rays 
which are einitteil from the object in air or transmitted from halsjuu 
to air. This, lawever, is not the totality of rays whicli are emitted 
ill the balsam. The formula of Fraunhofer shows that the number 
of the emitted beams is yreater in balsam than in air in the sime 
ratio as the refractive index. 

A structure the distance of wliose elements crpials 2‘2a emits in 
lialsjim sh' distinct lieam.s on each side of the ilirect beam, but in air 
only four (see figs. 55, 67, and 58) ; the fifth and sixth are coiiqilet el y 
l(!st in ail*. A dry objective of an angular aperture closely a[)[)ruacliing 
180° will not even take in the fourth deflected beam, as this is de- 
flected at an angle of 90°. Eut any iimnersion-glass of a balsam- 
.angle slightly exceeding 82° will take in the foui*tli, and if the 
])idsam-angle slmuld exceed 112° it will take in tlic fifth beam al.Mi. 
piwiiled the object is in balsam, and in optical continuity wdth the 
front of the lens. 

Thus, again, it is seen (as was before shown by tlie purely dioptric 
method) that an immersion objeeti^'e of balsiun-angle exceeding 82° 
has a wider ajierture than any dry objective of maxiiiiuiii angle ('an 
ha\e, for it is capalde of gathering in from objects in a dense medium 
rays which are not accessible to an air-angle of 180°. 

It is, then, bv the above facts and reasoning, placed bevond all 
dispute — 

1. That a wide-angled ‘ immer.sion ’ or ‘homogeneous' ohji'cfivt? 
pos.ses.ses an aperture in e.xcoss of 180° ‘ angular a].)erture ’ in air ; 

2. That the great value of this — always manifest [>ractically — is 
fullv accounted for and explained by tlte iliffrariicra theory of micro- 
•scopic vision ; and 

3. That ‘dry’ objectives, so far as regards the }>erfe(‘t delineation 
of very ininnU stmctHren, can only be considered as representing an 
imperfect phase of construction. When made by the best hands, 
with every precaution and care enq.doyed to secure the best possible 
corrections, their defects (h^ iu>t lie in the directiem of the presen- 
tation of false or even partially erroneous aud distorted images. 
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Tlieir ilefoots are tlieir inevitable incfipaoity to open up details in 
struetnre that can be disclosed with relative ease by the inclusion 
into an oil iiniiiersion, and especially an ‘ apochroinatie’ objective of 
groat aperture, of tiie alhrevealing diffraction beams cxcUnhd by the 
dry lens of cijiii valent ])o\ver. 

A\’itli diT oi)jecti\ es s[ilendid results have been attained both in 
low and higli i)()>ver work ; but all the latter is being advanced upon 
by revision wi(li lenses of greater aperture in n striking manner. 
For twenty years we hwe been urging our best English microscope 
nmkers to enlai'ge the ’angle’ of our objectives, and employing 
them from a ^j-incli to a pinch focus. We luwe seen them 
advaiuv from dry to wat(n- immersion, and from this to oil ; from 
.,b-incli, a -..b-incli, and a .^pinch of X.A. Odh) eath, and I'^e- 
specti\ely to water immersions of N.A. UOd and then to ‘oil 
iiiniiersions ’ or homogeneous lenses of X.A. 1‘38 for the -.>U-inch 
and ,‘,,-iiich Tes[)ect Iveiy, and ultimately hy a Upinch with A’.A. 
of hob; and from that wc have progressed to the a])ochroinat.ie 
objectives with compensating eye-pieces. 

Xow the objectives with which tlie earlier work done hv the 
[ireseut editor and Ins colleague. Dr. Drysdale, was effected — to 
which allusion is made only as being tlie instance with which we 
]iav(' most pi'JLctical familiarity — are still in our pf>ssession ; wliat 
was revealed by them fiftoeii, twelve, or ten vears ago we can 
exactly repeid to-day : and in the general features of the, work — in 
tlie hroa<l characteristics of the life liistories of the .''apropliytic 
organisms, minute as they ai'e, revision \cilli objectives of X.A, l’5b 
ami other lenses of the b(‘st Englisli and Clej'iiian makers, reveals no 
]»o.sitive error, even in the inin/'test of tlie details then di.scovered and 
delineated. But the later lenses of great aperture and ])eaiitiful 
corrections have o])ened up strtfrtffre ahsobtfeh/ inrlsihle heforc. 

Thus, for exiunple. a miniile o\al organism from the y,,',p|th to 
the -,/„„thof an inch in long diameter was known to possess a 
distinct nucleus : the long diameter of this was from tlie to the 
,kth of tlie diameter of tlu^ wliole body of the orgsinism. In thi‘ obser- 
vations of fifteen to twent y-live years since the cyclic chanttes of the 
entire organism were clearly visilile and constantly fih.scrvcd ; hut^ 
of the lULchifs nc»thing could he made out save tliat it appeared to 
sliare the changes in self-division and genetic reproduction, initiai-ed 
by the organi.sm as a whole. Ihit hy lenses of X.A. koO ami the 
finest apocliromatic objectives of Zeiss, especially a most beautifullv 
rorrected 3 mm. jind 2 mm,, strmdure of a remarkable kind has 
l)een <lemonstrated in the nucleus, and it has been shown that tlic 
initiation of the great cyclic’ changes takes place in the nudeus. and 
is then shared in hy tlie organism as a whole. In short, we have 
discoverotl <as much concerning the ‘ inaccessilde ’ nucleus — whiidi 
may he not more than, siy, a twelfth of llu* long diameter of tlie 
whole organism — hy means of Jomr poicers^ but greater apertures, as 
we were able to find concerning the complete l)o<ly of tbe saprophyte 
with dry objectives. 

But in spite of these facts tliere is a c(‘rtain cla.ss of even high 
j>ower work in biology from which tlie dry lens can never bo dis- 
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inisst'il. It iiuist alwiiys Le an iu(lis|M?n,sal)le instruniont in a lar^v 
part of tilt* work done in tlie study of the life liistory of ru-tivt* 
living organisms ; and whatever at'ei.:sst)rie.s in researeh on suclt 
>iihje(‘ts he employed, tlie main ])at]i of Mcciirate and well correlated 
disvovery must he hy ultimate and eou^,ecutive reference to the 
changes of the Ucltuj organism. Ihit we cannot with any cta-taiiitv 
do 1 his with cither a water immersion or a homogeneous objective. 
With an active organism under investigation, we desire, as far as 
Uvacticable, to limit the area of its excursions; a cover glass of not 
iiinre than four-tentlis or a tpiarter of an inch in diamet(‘r is large 
cnoiigli when objectives from a inch to a inch aia? n.sed, 

(,r when the recent '1 mm. o>)jective with 'll eye-])iece Is emploved. 
'I'o liave oil or water on the top of the cover, between it and the 
front lens of the objective combiiuition, is, with almost iiuwitahle 
eci’tainty, sooner or later, in following the object with counter move- 
iiients of the stage, to reach the edge of the cover, and cause tin* oil 
or water above to mingle by capillarity with theminut(* dro[)of Hih<l 
under observation, and thus to involve tlie whole in catastrophe. 

To do the main work of studying consecutively tin* life liistorv 
Ilf unknown organisms, dry objectives will and must he used ; hut 
in all cases such work must be supplemented by the use of olijeciives 
of great aperture. The details and relations of minutt* .strnctnre 
must be .studied in one field, ami their general origin and sequences 
ill another. The latter will he ‘continuous,’ tlie former will Tie 
employed as necessity indicates, The diffraction theory of miero- 
scojdc vision does not invalidate, but in reality, under definable 
conditions, directs the em})loyment of ‘narrow’ iipertmvs. All 
ilepemls on the minuteness of mi(Tosoo|ne detail, The law has been 
enunciated al)o\e : the minutei' the dimensions of the structural 
eleuienis, t lie wider aufst he the apertui'o; the larger the details of 
ultimate struct, ore, the narrower the aperture that m ill 'TIuk 

In true in regar<l to objects of every kind ; thei'e is no variation in 
the conditions of nucmscopical delineation. 

The men engaged in micro, ‘^eopical reseaich have ilifierent aims, 
nay, the same worker at different times dillers in the object })iirsned. 

“ Ultimate structure’ is not the one (‘onsideration of the micro 
sco[Hst; he often, as indicated above, has to take a comjirehensive 
view of the wliole object or ol)jects of his ri-search, apart from tin* 
most complex and <lelicate ileta’ils. 

It is folly to suppose that l^ecaiise great a}>erturcs have been 
proved tiieoretically and practically to be abh> to open out miiinte 
sti'ucture so perfectly, therefoi'e there is no ralsoii d'etre for small 
a|iertures. Low aiiiplilication cannot )'endev di.stinctlv visible de- 
tails beyond a certain limit of minuteness, and wide apeitures 
ciiniiot he utilised unless there is a, eoneurrent linear amplification 
"f tile imago whiidi is competent to exhibit to the eye the smallest 
dimensions whieli are by optical law irdld/i iJie reaeji. <(iul of 

>^ucii an apertui'iu 

in the .same way great amplification will Tk* useless if we have 
^niall apertures which delineate details of dimeusions only capable 
of being distinetly seen in an image of much lower amplification. 
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It will 1)^ ‘empty amplific-ation,’ because thei’e is nothing in the 
im:ii»v which I'etjiiires so much power for distinct recnguitioii. If 
tlie"/>o/''(3>' he deticient, aperture will not avail; if the aperture be 
wanting, nothing is gained by high power. If the angular a^xwture 
nf the inic'ro.Mi'ope is siuh that the delineation of fine lines, whose 
i liters) )aee.s are one is just possible, it is fruitless labour to 

increase the aiuidifieation beyond what we kno^v to be sutlicient for 
tiudr obser\ation. We potentially dillerentiate what we are power- 
l(‘ss to see. 

Thus it may be inferred from the diffraction theory, as siieb, that 
wide aperture should aecomivuiy higli amplification, and moderate 
a)K'rture be the aceompanmient of low or moderate amplification. 
\Ve have observed with great regret that students at our Biological 
Schools in the-^'e daj's of low-priced objectives freipientiy abandon a 
fairly good P-incli objective of suitalde numeiical aperture, and 
obtain in its place a inch or inch with scarcely any increase of 
numerical aperture, merely for the ease with which amplification is 
effected. But it would lie well to reinemlier that high amplification 
eft'ects nothing unless accompanied by suitably widened aperture. 

The eircuinstauees on wdiich what has been called ‘ jienetiation ' 
in objectives is dependent will be sliortly considered ; ^ it may be 
stated here that theory and experience alike show that ‘ penetration ’ 
is reiluced with increasing aperture under one and the same ampli- 
tication. As we have indicated, there are many suhjK-ts of .study 
and reseai'ch presente<l to the liiologist for wdiich he needs as much 
‘ penetration' as possible. Tliis is always the case wliei-e the recog 
nitiou of solid forms— as the infusoria, for example — is important., 
A fair vision of different planes at once is refpiired.^ Indeed the 
greatm- part of all morphological work is of this kind ; liere, then, 
in Hie words of Alibe, ‘a jirojier eeonoiiiy of ajieriure is of etjoal 
importance w ith eeonouiy of pow er.' ' 

Wheiiei er the dcjitli of the object or olijects under observation 
is not very re.stricted, and for the purposes of ol).servat ion w'e reijnire 
<le)ith dimension, low' and moderate powers mii.st he used; ‘and no 
greater aperture should therefore lie iiseil tlian is reijuired fu* the 
efteetivene.ss of these ) lowers— an excess in such a ca.se is a real 
damage/ ■’ 

Moreover, in biological work — constant ap[)licat ion of the instru- 
ment to I'iivied objects — lenses of moderate aperture and suitable 
power facilitate certainty of action and conserve labour. Increase 
of aperture involves a diminished working distance in the olijective, 
and it is inseparable from a rajiid imu'ease of sensibility of the 
objectives for slight (lei iations from the coiidition.s of [levfect cor 
rection. If it be not upeesmri/ to encounter tlie )>ossil>le difficulties 
the.se t]iing.s involve, to do so is to lose vahia bio moments. Tliese 
difficulties, of course, are diminished by the use of homogeneous, and 

‘ \)itk‘roii is ^i=TDTTn imii. Vifh JoKTit. E,M.S. 188S, pp. .">0iiana atiC; and 
Skilurc, vol. xxxviii, pp. 231, 244. See {>, HU. 

Abbe's e.xpliUTiitiya of the reason of the noii-stcreoscupic* [lei'ceptioii of these is 
Kivi'U (see pj). as rt seq.). 

' ‘ The Relation of Aperture to Power,’ Jotrrn, E.M.S. series ii. vol. ii. !UM. 
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^.^pecially apocliroinatie oltjeetives, but even with these they are 
jiot, in ilractice, elimimited where tlie l)Hst results are sought. 

Employ ths fvll apertut'e suitahk to th, power used. This is tlie 
jii-aetical maxim taught iu effect by the Abbe tlieoiy of microscopic 
vision. 

It has been suggested that all objectives 1)6 made of 1‘elatively 
wide apertures, and tliat they be ‘ stopped down ’ by diapliragms 
wlien the work of ‘ lower a[)ertures ’ has to be done. But thi.s is 
not a suggestion that CDiiimends itself to the working biologist. If 
fhere were no other defects in such a method, the fact that the 
working distance remains unaltered would l>e fatal ; and we may 
safelv adopt the statement of Abbe ,ninit ‘ scientific work with the 
uu(‘rosc«>pe will alv’uys recpiire, not only nigh power objectives of 
the widest attainable apertures, but also carefully finished lower 
|)()v ers of small and very moderate apertui'es. 

AVe complete this section with a table of 'immeriml apertares., 
which will be found on the tbllowi ng page. As already stated, the 
resolving powers arc cxjictly proportional to the numerical apertures, 
iiiul the expressions for this latter will allow the re.solving power of 
different objectives to be compared, not only if the medium be the 
same in each, but also if it bo different. The i'e.solving power for an 
objective, when illuminated by a \ solid axial cone of white light, is 
found by multiplying its X. A. l>y 70,000, and for monochromatic 
hliie-greeii light (Gifl'ord’s screen) l)y 80,000.'^ 

The first column gives the numerical apertures from ‘40 to l';r2. 
I'lie second, third, and fouidh, the ail--, water-, and oil- (or balsam ) 
angles of aperture, corresponding to every ‘02 of X.A. from 47° air- 
anglc to 180° balsam- angle. The theoreticil resolving power in 
lines to the inch is shown in the sixth culuinii; the line E of the 
spectrum about the middle of the green (\ = ()-52fiyg) lieing taken. 

The colmuii giving ‘ illuminating power,’ we have alreadv seen, 
is of less importance ; while it must be borne in mind in using 
the column of ‘penetrating power’ that several data, besides 

^ go to make up the total depth of vision with the microscope. 

Penetrating Power in Objectives.— I ntelligi hi lity and .sequence, 
more than custom, suggest the consideration of this subject at this 
point. The true meaning and real value of ‘deptli of focus,’ or wliat 
is known as ‘ peneti-atiug power,’ follows logically U|>on the abo\ e 
coii.siderations. 

That quality in an objective which was suppo.sed to endow it 
willi a. capacity of visual range in a vertical direction, that is, in the 
rlirectioii of the axis of vision, has been called ‘penetration,’ it 
being suppose<l that by this ‘ property ’ parts of the object not in 
the focal plane could l)e specially pi-eseiited, so as to enable tlieir 
perspective and other relations -with what lies precisely in the foc-al 
plane to lie clearly traced out. 

Concerning the manner in which this (juality of the objective 
operated, there have been most diverse opinions ; indeed, the whole 
^ ‘ The Relation of Aperture to Power,' Journ. Jf.M.S. series ii, vol. ii. p. 300, 

- Juiirn. if, .¥,6’, (1893), p. 17, 
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liiattci' \\:is iuvoh'ed in nliscul'ity. Tlu^ VC‘iiiin‘ki^l>le iusi*>'Iit 
li-arning of Pi'otVssnr Al)l>e hnve. ho’ivever, fouiul fov tUis iuipovt.niit 
siihjW't a sound scioiitific iusis. 

Till* (lelineiitiou of sohd olijerts liy ii system of lenses is liy 
of file most geiu'i'iil lnu's of opticol lU'Unention, sulijeet to a 
poculiiiv (Usproj)oi'tion in amplifieation. Tlie linear !UU]ilifiention of 
the //ey/f/odiiuension is. ^vhon l)oth the object and file image, are in 
the same medium (air). foun<l to be always eijual to the ii(pi.are of 
tlie linear amplificatioii of the dimousions at rigid, angles to the 
optical axis ; Imt if tlie ubjeci be in a more highly refracting medium 
than air, it is eijiial to this square divided by the refractive index 
of the medium. In ])ro}>ortion to the lateral a mplilication there is 
a progressiv(‘. and with high powers a rapidly increasing, orer- 
0 iii]>lfjk‘idki)i of the depth of the three-dimensional image. If a 
trausvei-se section of an object is magnified 100 times in breadtii the 
distance I letweou the planes of parts lying one behind the other is 
riiagnilied 10,000 times at the covres[ionding parts on the axis when 
the oliject i.s in air, 7o00 times when it is in water, and 6000 times 
uheii it is in (tiiiada Iialsain. 

This exces^ive distortion in the ease of high aiiqiUneations is not, 
howeAer, of Itself so complete a hindrance to correct appi-eciation oj’ 
•solid forms in tlie niici'oscopical image as at first appears. Th(' 
ap[)reciation of solid form is not a matter of sensation onlv ; it is a 
mental act -a conception— and, thovefore, the [leculiaritv of tlie 
o[)tieal image, however great the amplirication. would not prevent, 
the conception of the solidity of the object so long as sidient points 
for the construction of a three-diri{ei}slon<fI image* wcu'o found, ihit 
fi,r this the solid object, as .such, mu.st he simuKaneonsiv visible; 
a single layer of inappreciabh* depth can coin ev no conce[)tion of 
the iJt/ee space dimensions possessed bv the objivt. 

Owing to the disproportionalauqilification of the depth-dimension 
normal to the action of optical iiistniments, the visual space of tiie 
microscope loses more and more in de]ith ns the amplilicatiou increases, 
and tlms con.stanlly approximates to a hare horizontal section of the 
object . 

The visual space, which at one adjustment of the focus is plainly 
visible, is made up of two parts, tbe limits of v Inch us regards the 
depth are determiued in a vi-ry different manner. 

First, the (Kconimodutdui of the cue embraces a certain de[)th, 
dillerent planes being successi^-plv ilepicted u’itli perfect .shar[>nes.s 
of image on the retina, wliilst the eye, adjusting itself by conscious 
or unconscious accommodation, obtains ^■irtnal images of greater or 
le.ss distance of vision. This depth of accommodation, winch })lays 
the same iiarl in luicvoscopical as in ordinary ^•ision, is wholiv 
determined by the extent of pow er in tiiis direetion pos,sessod bvtlu- 
particular eye, the limits being the greatest ami tlie least di.stanci* 
of distinct vision. Its exact mmierieal measure is the differenci* 
lietween tlie redproeal values of tliese two extreme dishnu'es. The 
depth of distinct vision is directly proportional to' this numerical 
equivalent of the accommodation of the eye, directly jiropiortioiiul 
to the refractive medium of the object, and inversely proportional 
to tlie sf|uave of the amihiieation when relerred alwin s to the .same 
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o'f-flistjiuct?. a modei’ately slioi't-siglilfid eyn set^!> 

(li^thu-tly at 150 rnin. as its sliovtest (listaiice, and at ’M) luin. as 
loii^^est distance; tlien tlie nniuei’ical equivaleut of t.lie extent, 
,f .iccomnindation would be equal to iniu. ; the calculation fov 
■ 111 ((bject bi air wovdd give a deptli ol' vision by acetnmnodution 

.(iiiDiuiting to ^ . 

2'dS mm. wUh ID tmies amplificatJon 

0'2B „ m 

0-02 „ 100 
0-0023 „ 300 

0-00091 1000 „ 

0-00002 „ 3000 

■'i'lii'se frnires are modified by the mediuiu in wiiicli the object, is 
btlaced :u)d by the greater or less sbartness and length of vision, 
i* fseiamdlvi the perc‘ei)tion of dejdh is assisted hy the insciisi- 
(^f the eve to small defects in the union of the rays in tin* optic 
intake, and therefore to small circles of confusion in t im visual image, 
'rra'nsvcrse sections of the object wliich are a litth* abm'eand ]>eli>w 
the exact focal adjirstment are seen withotit ju-ejudicial elfects. The 
tof4 pffect so ohtalued is the so-callcd ])enetr(ftw'ii or (kptk of focus 
of an objective. This may be detprinined iiuinevicall.y by defining 
the allowalde magnitude of the circles of confusion in the inicro- 
scopietd image bv the visual angle under which they a))peai' to the eye. 
It is found tliat one minute of arc denott-s tlie limit of sliarply 
detiiied vision, two to tliree nLinute.sfor fairly distinct vision, and five 
to six minutes the limits of vision only just tolerahle. Tliis being 
(lctei J»ii)R-d, the focal deptli de})eiuls only on tlie refractive index of 
the liiediuiu in which the objeet is phu-ed, tlu- amidificatiou, and the 
angle of a) tent, uro, and it is directly proportional to the refractive 
iiide.x of the object medium, and inversely proportional to tlie 
- iinmevical .-iperturo ’ of the objective, as also to the first jiower of 
the amplification. These assume the visible angle of allowable 
indistinctness to be fixed at ob the aperture angle of the image- 
furiiiiug pencils to be CO'’ in air ; the depth of fiiciis of an ohjeet in 
II ir will then be — 

0'073 mm. for 10 times amplifi cation 

0-024 „ 30 

0-0073 „ 100 

0-0024 „ 300 

0-00073 „ 1000 

0-00024 „ 3000 

Hy liiiiitiug or enlarging the allowalde magnitude of indistinetness 
in the imago we correspomliiigly modify these figures, as we sliould 
do with media of different refractive indices and inereasod ajievture- 
augle. 

It is plain, then, that the actual de/Ah of rision must always he 
the exact sum of the amiviiaoduticni depth and focal dejiih. The 
ta-inei- expres.ses the object space through whicii tlie eye liy the play 
ot aceoumiodationcan penetrate and seeuve a siiav]) image ; the latter 
gives the amount by whieli tliis object'S[iace is e-xiendeil in its 
iiuiits— reckoning both fi-om aboN e amlludow — because without per- 
tect sliiu-jmess of image there is still a sutfioient distinctness of vision. 
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A.s tile iiinplific'iition iiiereiises the over-amijlifioitioii of tiie 
(leiiTli-diineiisioii presents increasingly nrifavo arable relation l>etAveen 
tile <le})th anil width of tlie ohjeet-spice aoeessible to aceonnno elation. 
W'lieu low jKiwers are einploved we have relatively great depth of 
vision, bec-anse we iiave large aeeoiiiniodation-depth ; but as we pass 
to iiiediinu ] lowers, the aeconunodation-deptli diiiiiiiislies in raphl 
ratio, heeoiiiing eijnal to only a small depth of focus; while when 
the magnifying power is greatly increased the aeconiinodation-depth 
is a factor of no moment, and we have vision largely, indeed almost 
wholly, dejiendciit on depth of focus. 

The following table shov s the total depth of vision from ten to 
d,()00 times : - 

Depth of Vision, Kfitio of Depth 


Aiiiplifii-ation 

DiiimetiT of 
Field 

Af'i'onmioda- ■ 
tioii Depth 

Foeal Depth 

Accuminodatioii 
Depth, and 
Focal Depth 

of Vision 
Diameter 
Field 

10 

lum. 

‘230 

luni. 

2 08 

0-073 

iiiin, 

2-153 

1 

11-G 

HO 

8’3 

0*23 

0-024 

0254 

1 

32-7 

100 

2'5 

0-02 

0-0073 

0-0273 

1 

bi-6 

300 

0-83 

0'0023 

0-0021 

0-0047 

1 

176-6 

1000 

0-25 

0-00021 

0-00073 

0-00004 

1 

266 

1 

310 

3000 

O-0B3 

0-00002 

0-00024 

0-00026 


It has lieen pointed out by Alibe that this over-amplification of 
<lepth dimension, thong) i it limits the diiect appreciation of solid 
forms, yet is of great value in extending the indii'oct recognition of 
space ivlal ioiis. When with increase of magnifying [lower the dp])th 
of tlie image becomes more and move flattened, tlie images of diffei'eiit 
piano stand out from e.ach other more jierfectlv in the same ratio, 
and ill the same degree are clearer and moi'e distinct. Witli an 
increase of amplification the miiTosco})e acijuires increasingly the 
]U'opert.y of an optical which presents to the observer’s 

eye sections of a fineness and sharpness which would be impossible 
to a mechanical section. It enables the ob.server, Viy a series of 
atljnstments for consecutive planes, to conslrtte the solid forms tif 
the smallest natni'id objects wit.h tlie same certainty as he is 
accustomed to see wif.h the naked eye the objects with wliicli it is 
concerned. This is a large advantage in the general scientific use 
of the instrument; a greater gain, in fact, than could bo exjiected 
from the application (tf stereoscopic observation, 

Stereoscopic Binocular Vision. This subjfH-t has been elaborately 
consi<lere<l and partially expounded and ileinonstrated by Prnfes,soi’ 
Abbe; liis expositicni differs in some imjiortant particulars from 
that of the original itutliov of this book, Vuitin its present incom^dete 
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oriiiH it iipiK^ars to the editor to be the ^hser woy to ttllnw Dr. C;u‘- 
■leiitev’s tre^itineiit of the subject to stand, and to }>lace below it as 
•diaplete i\ digest of Professor Abbe’s theoiy and explanation of tlie 
x!i)ue subject as the datii before us will admit. 

Tlie admirable mvention of the stereoscope, by Professor Wheat- 
stoiie has led to a general appreciation of tl\e value of the conjomt 
m of hoik epes in conveying to the mind a notion of tlie solid jorMs 
(.frdijects, sucii as the use of either eye singly does not generate with 
the iihe certainty or effectiveness; and after several attempts, 
which were attended with various <legi-ees of success, the principle of 
t})e stereoscope has now been applie<l to the microscope, with an 
advantage wdiich those only can truly estimate who (like the Author) 
liave been fur some time accustomed to w’ork with the stereoscopic 
hiiaxadar ^ upon objects that are peculiarly adapted to its ]>owers. 
As tlie result of this application cannot be rightly understood with- 
out soijie knowdedge of one of the fitndanieiital pihiciples of binocular 
vision, a brief account of this will he liere introduced. Ail vision 
depends in the first instince on the formation ot a picture of the 
(iliject u]x>n tlie retina of the eye, just as the cauiera obscura forms 
a picture upon the ground glass placed in the focus of its hms. But 
tlic tw'o images that are formed by the two eyes respeetivelv of anv 
soli<l abject that is placed at no great distance in front of them are 
lar from bemg identical, the perspective projection of tlie object 
\ a vying with the point of view from which it is seen. Of this the 
rcadm* may easily convince liiinself by bolding up a thin book in 
MK-ii a |)ositioii that its back shall be at a moderate distance in front 
of the nose, and by looking at the book, first with one eve and then 
with tlie otlier ; for he w ill find that the two views he thus obtains 
are essentially different, so that if he were to represent the book as 
he actually sees it witli each eye, the tw“o pictures would l)y no 
means cori-espond. Yet on looking at the object with the tw'o'eves 
conjointly, tli(>re is no coiifijsioii between the images, nor does tJie 
niiial dwell on either of them singly ; but from the Idemling of tlie 
two a conception is gained of a stdid projecting body, such as could 
(ady he otherwise acijnired by the sense of touch. *Xow if, instead 
of looking at the solid objwt itself, we look with the ri<jht and left 
eyes i‘es[)eotively at picticres of tlie object, corresponding to those 
wliich would he formed by it on tlie retime of the two eves if it were 
placed at a moderate distance in front of them, and' tlie.se vi.sual 
pictures are brought into coincidence, the same conception of a solid 
projecting form is generated in the mind, as if the object itself w'ere 
tliere. Tlie stereoseope—whether in tiie foians origiiiallv devised by 
Professor Wheatstone, or in the popular modification long subse- 
ijiieiiliy introduced liy 8ir D. Brewster — sim]>ly serves to bring to 
the two eyes, either liy reflexion from mirrors or by refraction 
through prisms or lenses, the two ilissimilar piitures which wnnld 
acciu'ately represent the solid oliject as seen l>v the two eyes respec- 

' It liiis Ijccome iiece«s<\ry to distint^uish the biiiociihiv iwicvoseope which gives 
true sUreos^pic effects liy Uw combination of two dissimilar nictnres from a 
mocular which simply enables us to look witli boll) eves at iimujes which are 
<^ss<!ut.irtliy identical (p, lOti). 
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l ively, these tlirowii on the two retinjein the precise positions 
tJiev would have occupied if funned there <lirect from the solid 
ohject, of which the iiietital image (if the pictures have been correctlv 
taken) is tlie i)i‘ec!se counterpart. Tims in fig. (39 the upper pair of 
pictures {A,H) wlicn condnned in the stereosco])e suggest the idea of 
nprojeciim/ truncaterl pyramid, with tlie small square in the centre 
;uul tbe four sides sloping equally a\\ay from it ; wliilst the combi- 
nation of the l()wei‘ pair, C, 1) (which are identical with the upper, 
hut are transferred to opposite sides), no less vividly brings to the 
mind the visual conception of a receding pyramid, still with the small 
s<|uare in the centre, hut the four sides sloping equally to\^'ards it. 

Tims ^\e see tliat by simply crofiRing tlie pictures in the stereo- 
scope, so as to bring before eacli eye the phdaire taken for the other, 
a ‘conversion of relief’ is produced in the resulting solid image, 
tlie pritjecting ])arts being made to recede and the receding pirts 
hronglit into relief. In like maimer, when several objects are com- 
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hiiie<l in tlie same cro.ssed pictures, their apparent relatix e distances 
are reversed, the remoter lieing brought nearer and the nearer 
carried backwards ; so that (for example) a stereoscopic photograph 
representing a. man standing in front of :i mass of ice shall, l>y the 
crossing of the pictures, make the figure appear as if imbedded in the 
ice. A like eonyersiiiii of relief may also be made in the ea.se of 
actiial solid objects liy the nse of ithe jmndoscope^ an instrument 
demised by ProfessoL Wheatstone, whicli has (he effect of reversing 
the perspective |)rojections of objects seen through it by the two 
eyes respectively ; .so that the interior of a basin or jelly-mould is 
made to appear as a [irojecting solid, whilst tlie exterior is made to 
appear hollow. Hence it is now customary to speak of stereoscopic 
Msion as that in which the conception of the time natural relief of an 
ojject is called up in tlie mind hv the normal combination of tlie 
t\N o perspective projections formed of it liy tlie right and left eyes 
i-espccdively whilst by psendoscopic ^’isinn we mean that ‘ con\*ei‘- 
sioii 01 reliet wliich is produced by tbe combination of two reversed 
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|n‘i>pective pi-ojoctions, win^thtT those be ubtuinetl /liroetiv from ilu*. 
o!>jert (as by the peudoscope) or funn ^-rossed ' iiictures" {ns iu the 
>tereosf‘ope). Jt by )K) means every solid object, however, or ever\' 
|,uiv of stereoscopic pictures ^y]lid\ cuu become the subject of this 
cniivcrsion. The degree of f-icility with wliidi tlie ' couvm'ted ' form 
,,,n he appreliended by the mijid nppears to have great inflnencr cm 
the readiness with whicdi tiie^change is produced. 'And while tlieia^ 
;iiv some, objects — the interior of a jilaster mask of a ficc, for ev 
aiiiple-which cim alwinys lie ‘cou verted ’ (or turned iuside’out) at 
niiee, tliere are others which resist sucli conversion with more or ](‘ss 
.il'pcrsistenced 

Now it is easily shown theoretically tliat the picture of :,nv 
prujectingobject seen thrtaigli the microscope, with only the nt/hi- 
luiud ludf of an objective having an e\ en moderate angle of apci'tlire 
must .lifter seiisilily from the picture of the. same object received' 
througli tiie kft hand of the soune ^bjec•ti^•e ; and, further, that ijie 
(liTeieiicc betwoon such jactur(‘s must increase with the ai'umlar 
aperture of the objective. Tins difterence mav be practicallv niaile 
apjKivent by adapting a • stop ' to tbe objective 'in suHi a maimer -is 
ro caver either the right or the left half of its aperture, ami then bv 
eavehillv tracing tiu^ outline of the (jbject as seen tlirough eacli half 
Mut it i.s more ,s;itisfictorily brought into view l.v taking two plait, >’ 
gruplnc pictures of the object, one through (>ac)i‘ lateral half of the 
nlrective; for these |,ictures wlien properly j, aired in tlie .stereo- 
scope give a magnified image m relief, hringingout on a large scale 
the solid firm of tile object from whici, thev were taken What is 
needed, therefore, to give the true .stmvoscopic power to the micro 
sc<)|H‘_i.sa means of .so bisecting the cone of rays transmitte.l hv the 
<1 ijcctiye that of its two lateral liali'es one shall be traiiMnitted to 
the right and the other to the left eye, If, hou ever, tlie iin,nm tims 
Im-med l>y the r#t half of the objective of a compound microscope 
uere seeu hvtjie ngk eye, and timt formcl bv the left lialf were 
seen lwtlie/c/i5 eye, the re, snitant conception would be not 
■weynebut ywatep/c, tlie projecting parts litung made to appear 
mrdmg, and rerau. The reason of tlii.s is, that a.s the micrascoi.e 

r KT ^1 ■ through the and 

Uu ^UundhaUesofthe objective must be ma.le to i-ross to tlu* 
l^n and the nyhi eyes respectively, in order to currespoml with the 
view ot the object from the two sides; for if this secmul 
u‘\ei sal does not take place, tlie eifect of the first reveix-d of t]i.> 
images produced by the microscop.e e.vacllv corresponds witli tl.af 

] -d m ’V f ^stereoscope, m- bv 

It pv(>jectious formed direct from 

m olijoc , wJncIi ,.s eftectial by the Jiseudoscope. it was from a 
< it- of due apiM^^^ of this principle (tlie truth ofwhicli can 
^ he practically demonstrated) (liat the earlier attempts at pro- 
tiiiiiV a stereoscopic hinocular mioro.scope ten<le<l rather to pruduee 
p.seud.yycopic conversion’ ,.)f tiie objects viewcil iw it than to 
■nmi^seut them in this true relief. ‘ 

tins sntjeft see ll.e .Vithor's rh,,iolnfjf). 
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In mntrudldiiiction to this explanation of binocuLtr vision Dr. 
Ablie, as vve have seen, has deinoTistrated tliat obIi(j[ue vision in tiie 
iiiicroscope is wholly unlike ordinary vision ; tliere is, in iact, no 
perspective. Tlie prspective sliortening of lines and .surfaces by 
ol>li(jue projection is entirely lost in the microscope, and, as a. con- 
setpiencc, it is contended that the special dissiinilaidty which i.s the 
raison (CHre of ordinary stereoscopic effects does not exist, but tliat 
an essentially different inode of dissiinilarity is found between the 
two pictures. The outline or contour of a micro.scopie object is 
unaltered, whetlier viewed by an axial or an oblique pencil ; there is 
no foreshortening, there is simply latei al displacement of the images 
of con.seiadh e layers. Ihit Ablx) contends that, whilst the manner in 
\\ hich di.s.similar pictures are formed in the binocular micro.scope is 
different from that by \S'hich they are brought about in ordinary 
stereoscopic vision, yet the activities of the brain and mind by which 
they are .so blended as to give rise to sensjitions of solidity, depth, 
and jierspective arc practically identical. 

Tlie tact that lateral displacements of the image are seen in the 
microscope depends on a peculiar ])vopevtv of microscopic amplifica- 
tion, which is in strong contrast to the metliod of ordinary vision. 
Tt depends entirely on the fact, enunciated abo\'e, that the amplifi- 
cation of the depth is largely exiiggeiateil. Hence solid vi.sioii in 
the binocular microscope is confined to large and coai‘se objects, the 
dimensions of which are large multi])les of the wave-length. It 
thei'efore follows tliat wlien niodeiate or large apertures have to be 
employed — that i.s to say, whcnevci' delineation requires the employ- 
ment of oblique rays the elements of the object arc no longer 
depicteila.s .solid objects seen by the naked e}’e or tlirough the telescope 
woidd be depicted ; nevertheless the bi'aiii arranges tliem sti that 
the characteristics of solid vision are still presented. 

Profes.sor Abbe demonstrates ^ that in an aplanatic system jicnciks 
of different obliquities yiehl identical images of every plane object, 
or of a single layer of a stilid object. This is true ho-wever lai'ge the 
aperture may lie. 

This cairios with it, as we have said, a total absence of pjerspec- 
tive ami an essential geometrical diffei'ence between vision witli the 
binoculai' micro.s(*ope ami \ ision wlfli the unaided eve. 

An object, not (piite flat, as a curvoil diatom, when observ ed wdtii 
an objective of wide aperture will pi'csent points of great indistinct- 
ness. Tlii.s has been by some supposed to ari.se from the assumption 
that there was a dis.siniilarity between the images formed by the 
axial and oblique pencils; Imt this is not .so. It is wholly expli- 
cable by the foct that the flepth of the olqect is to(j great for the 
small depth of vision attendant u])on a large aperture. 

It will he seen, then, that so long as the <lepth of the object is 
within the limits of the depth of vision, corresponding to the a j^evtuve 
and amplification in use, we ol)taiii a parallel projection of 

all the succe.ssive layers iji one common [dane ])erpemlicular to the 
axis of the microscope a grouml ]dan, as it were, of th(‘ object, 
Alanifestly, then, since depth of vision do(Tcas(!s witli, increasing 
‘ Journ. .series ii. vol. iv. pp, 
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nperture, good delitierLtion with tliese must ho c‘onfiue<l to ihhmei- 
objects than can be successfully employed witli oljjectives of nan-(m’ 
apertures. 

St:.ereosc()pic vision with the microscope, tlierefoi-e, is due sol el v 
to difference of projection exhibited by the diffei-ent iiarallactic dis- 
placements of the images of suecessivt^ layers on the common ground 
plane and to the perception of depths not to the delineation of th(‘ 
plane layers themselves. For, it there were dissimilar images per- 
ceptible at different planes, the out-of-focus layers must ap].;car con- 
fused and no vision of depth \vo\dd l)e jiossihle. 

Xow stereoscope vision rexpiires, as shown l.iy Dr. Carjxmtcr, that 
the delineating pencils shall he so divided that one } portion of th(* 
admitted C(me of light is conducted to one eye and another jrortion to 
the other eye. If this division oftlie image is effected in a symmetri- 
cal way, tlie cross section of, e.g., a circle must he reduced t.o two 
seiiiicircles representing one oi these two arrangements seen in 
(,) and ?, fig. 70. 

I 0 I 1^,1 

Fio, 7(1. 

Ih', Ahbe’s thooiy is that the only cimditiou nece.^sju'y for ortho 
scopk effect in any binocular system is that these semicircles or 
their equivalents slioidd he depicte<l acc()rding to diagram 0, fig. 70. 
ami for psemloscoplc according t-o diagi-am P in the .same figure ; 
and he demonstrates that all other civcumsl.auces, siuli, e.g,, as the 
crossing of the images, are wholly immaterial. 

Orthoscopic vision is a!\^■ays olitained when the right half of tlu* 
right pupil and the left half (jf tlie left pupil only are employed : 
pseudoscopic vision in the ojiposite conditions, ‘ It is quite irnlif- 
fereut whether the effect is obtained with crossing or non-ci’ossing 
rays, whether the image be erect, or inverted, or semi-inverted, and 
wliatever may be (*inn))onents of tlie o[)tical arrangements 

The observant reader will perceive that it is at this point tliat 
there is a radical divergence from tlie interpretation given by Dr. 
Carpenter, who, as we have seen above, insisted that ortlioscopic 
vision is not to lie obtained in a hiiuKadar with non-erecting evo-piece^ 
unless the axes of the two halves of the admitted cone cross each 
other. 

Of course we must kee}) clearly before us the fact that in micro- 
scopic vision it is not tlie ohject hut its virtual image only tliat we 
see. This ajiparently .solid irnape is placed in the hinoeular micro- 
scope under circumstances similar to those of common objects in 
ordinary vision. Clearly, then, it is the perspective projections of 
this inuuje which I'equii'e to he eompai'ed to tlie pi'ojectioiis of solid 
objects in ordinary vision, in i-espect to wliicb the criteria of ortlio- 
i^'Ojiic and pseudo.scopic vision liave I teen defined. But it can be 
geometrically demonstrated that right-eye perspective of the iqt- 
[larently solid is always obtained from tlie right-hand portion of 
the emergent pencils, left-eye perspective from the left-liand jMu-tion ; 
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md H is quite hmiaterud^ (is reyanh this result^ iKhkh jwHion of tlm 
emeyqent mys is (idmitted hy tJte right or the left port of th ohjectm. 

The niMiiner in wliidi the heliiieating jmicils are transjnitted 
throu^^h the system may be such as to recjuire crossing over of the 
ravs from the right-hand lialf of tlie objective to the left eye-piece, 
iind rice rer&a. But it is not essential to binocular effect. In tlie 
Veiihani and Nachet binocular (pp. 1)8, 119) crossing over i, 9 required 
because the inversion of the pencils is not (dianged by two reflexions. 
Tf the delineating pencils have been lefleeted ancrca ntimher of times 
in the same plane, it will be necessary for the rays to cross ; but if 
tliev hiive been reflected an odd number of times, it is not only un- 
uecessiiry, but is destructive of orthoscojac eflect, provided ordinary 
oye-pieces (non-erecting) are employed. Hence in the Stephenson bi- 
nocular it is not only not required, but wouhl give pscudoscopic effect. 

Principal Forms of Binocular Microscopes. — The fir.st binocular 
of a. practical chai’acter was the arrangement of Professor J. L, 
Riddell of New' Orleans. It was devi.^edin 1851 and constructed in 
185il and a description of its nature and its genesis was given hy 
liimiu the second volume of the llrst series of the ‘ Quarterly Journal 
nf Microscopical Science’ in the year 1851.^ 

A repre.sentation of his original instrument is presented in fig. 71 , 
4111(1 the arraugciuent of the pibsms by which the binocular effect was 
obtained is shown in fig. 72. 

It u ill bo seen that the jiencil of rays emerging from the back 
leas of the combination Hs divided into tw'O, each half pa.ssing re- 
.spectivelv into the right and left prisms ; the path of the rays is 
indicated at cf, h, c, d, the object being at o. 

To secure coimddeiice of the images iu the field of view for 
varying widths between the eyes Professor Riddell devised (1) a 
means of regulating the inclination of the prisms liy mounting them 
in hinged frames, so that, w'hile their lower edges, near a, fig. 72, 
remain alwa^^s in parallel contact, the inclination of the internal 
]-eflecting surfaces can he varied by the action of the milled head in 
front of the pri.sm box ; (2) the lower ends of the binocular tidies 
are connected by travelling soi-kets, moving on one and the same 
axis, on wliich are cut corresponding right- and left-handed screws, 
so that the width of the tnbos may correspond with that of the 
prisms; and (J) the upper ends of llie tidies are connected by racks, 
one acting above and tlie other below the same pinion, so tlmtright- 
and left-handed movements are conmiunicati'd hy turning the pinion. 

This iustruinent could only be n.sed in a \'ei'tical position, as 
shown iu the figure (71). The two prisms in fig. 72 correct tlie in- 
version of the image in a lateral direction, two more prisms an* 
needed to correct the inversion in the vertii-al direction. These 
Professor Riddell placed above the eye caps, but now tliey are jlaced 
immediately above the binocular ])risins. fig. 78, 

Tin's svstem of biuocnlar excited much interest in England im- 
iiiediutely after its puldication, and Mr. 'Weuhain in London and 
MM, Nachet, of Paris, soon .suggested and dcvi.M'tl a variety of 
Innocidar systems. 

1 P, 13, 

n 
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Nachet’s Binocular was early in the field, but \\a!> not a 
lii‘aeti(‘al construction on account of the parellelisni of its tul)es, and 
is not now advocated hy its inventor or adopted by opticians of aii)' 
country. 

Wenham’s Stereoscopic Binocular, — All these objections are 
overcome in the admirable aiTangeineiit devised by the itigemiity of 
Mr, Wcnham, in 1860 (Trans. Microscoiii- 
cal 8oe. of London, vol i. K.S. p. 15), in 
whose hinocvdar tlie cone of rays pro- 
ceeding upwards from the objective is 
divid{'d by tlie interposition of a prism 
of the pecnliai’ form shown in fig, 73, so 
placed in the tube which carries the objec- 
tive (figs. 74, 7 0 , a), as (mly to interrupt 
one half, a c, of the cone, tlie other half, 
rt going on continuously to tlie eye- 
piiece of the jnincipjal oi' right-hand hodv, 
R, in the axis of wliich the objective is 
pilaced. The iuteri npted half of the cone 
(figs. 73, 74, ft), on its entrance into the 
pnism, is scarcely subjected to any refmc- 
since its axial ray is perpendicular 
to the surface it meets; hut vithin the pirism it is subjected to two 
rejlf'rioiis at h ajid c, which send it foi’th again obliqiielv in the line 



Fid. 7:-^.— Weiiliam’s prism 
(1860). 



Fio. 74, Fki. 7,7. 

Wi'iiham’s stereoscopic binocular microscope flSGO). 

d towards the eve-piece of the secomlary or left-hand iiod)' (fig. 74, 
L); and since at its emergence its axial ray is again perpendicular 
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to tlift surface of the glass, it suiters no more refraction on passing 
out of the prism than on entering it. By this arrangement the 
image received by the ri^Aif eye is formed by the rays which have 
iHissed through the left half of the objective, ami have come on 
without any interruption whate’i-er ; whilst tlm image received l>y 
t])e Uft eye is formed by the rays which have |>a.ssed through the right 
Ijalf of the objective, and have been subjected hUvaj reflexions witiun 
the prism, passing through only Uno surfaces of glass. The /uljiistmeut 
for the variation of distance between tlie axes of the eyes in different 
individuals is made by drawing out or puslung in the eye-pieces, whicli 
nre moved consentaneously by means of a milled head, as showii in 
fig. 75. Now, although it may be objected to Mr, Weuham’s method 
(1) that, as the rays which pass through the prism and are obliquely 
reflected into the secondary 1-K)dy traverse a longer distjiiice than 
those which pss on uninterruptedly into the principal body, the 
picture formed by them wall Ite somewhat larger than that which 
is formed by the other set ; but this can be e^usily compensiitcd for 
l»y (rt) altering the power of one of the eye -pieces, (A) by inc, reusing the 
t idle length of the dii'ect tube ; ami (2) that the picture formed bv the 
rays which have been subjected to the action of tjie prism must be 
inferior in distinctness to that formed })y the uninterrupted half uf“ 
the cone of rays ; these objections are found to have no practical 
weight. For it is well known to' those wlio have experimented 
iqx)n the phenomena of stereoscopic vision (1) that a slight difler- 
eiice in the size of the two pictures is no bar to their pciTect com- 
hination ; and (2) that if one of the pictui'es he good, the full effect 
of relief is given to the image, even though tlm other picture be 
faint and imperfect, provided that the outlines of the latter are 
sufficiently distinct to represent its perspective projection. Hence 
if, instead of the two equally half -good pictures wffiich are obtainable 
by MM. Nachet’s original construction, we bad in Mr. Wenliam's 
one good and one imllffe'mit picture, the latter would be decidedly 
] (referable. But, in ixdnt of fact, the deterioration of the second 
picture in Mr. Wenham’s airangement is less considerable than 
that of both pictures in the oi'igiual arrangement of MM. Kacliet ; 
so that the optical performance of the ^Venham binocular is in every 
way superior. It has, in addition, these further advantages over 
the preceding : First, the gimter comfort in using it (especially for 
some length of time togctlier), which 1 ‘esults from tlie convergence 
of tlie axes of the eyes at their usual angle foi- moderately neai“ 
objects ; secondly, that this binocular aiTangeinent <loes not necessi- 
tate a special instrument, but may be apjilied to any microscope 
which is capable of carrying the weiglit of the secondary bodv, tlie 
prism being so fixed in a movable frame that it mav in a moment 
lie taken out ot the tube or replaced therein, so tliat when it has 
lieen removed the principal body act s in every respect as an ordinary 
uuerosfiope, the entire cone of rays passing uninterruptedly into it i 
Mild thirdly, that the simplicity of its construction renders its de- 
rangement almost impossible. * 

1 n caiiaot allow this opportunity to pass without expressing his sense 

01 tne liberality with which Mr. 'Wenhani freely presented to the public tliis inu 

II 2 
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Stephenson’s Binocular.— A new form of stereoscopic binocular 
lias lieeii introduced by Mr. Stephenson,^ which has certain dis- 
tinctive features, and at the time Mr. Stephenson devised it he was 
entirely unaware tliat any part of the 
method he employed had been used by 
another. He had, however, independently 
conceived Riddells device fin* dividing the 
beam as a part of his very ingenious in- 
strument, This he discovere<l and acknow*- 
ledged about throe years after the full de- 
scription and completion of his binocular. - 
The cone of rays pas.sing upwards from the 
object-glass meets a pair of prism.s {A A, 
hg. 76) fixed in the tube of the microscope 
immediately aliove the {x^sterior combina- 
tion of the nldective, so as to catcii the 
liglit-i'ays on tlieir emergence from it ; 
these it divide.s into tw^o halves and be- 
haves as des(“ribed in the Riddell prisms, 
which, ill fact, they ai-e. As the cone of 
rays is equallv divided by the tw*o prisms, 

prisms, as applied by Mr. n mi ■ x i 

Stephenson (1871)}. the two pictures are equally illuminated, 

and of the .same size ; while the cdose ap- 
proximation of the pi'isms to the hack Ions of the objective enables 
even high powTrs to be used w*ith very little loss of light or of 
definition, provided that tlie angles and surfaces of the prisms are 
worked with exactness; and as the tw'o 



bodies can be made to convoi’ge at a 
smaller angle than in the AVenham ar- 
rangement, the observer looks tlirongh 
them with more comfort. But Mr, ^:5te- 
phenson’ s ingenious a rra ngement islialih “ 
to the gi-eat drawback of not being 
convertible (like Mr. WenhanVs) into 
an ordinary monocular by the with- 
drawal of a prism, so that the use of 
this form of it will be prohahly re- 
stricted to those who desire to wdrk 
with a liinocular when employing higli 


Fig, 77.— Stc'phciison’s erecting pOWei'S. 

prism (1870). But one of tlie greate.st advantages 

attendant on 3Lr. Stephenson’s con 
struction is its ca^xibility of being eoinliiued with an erecthuj 
arrangement, which remlers it applicalfio to pur])oscs for wliich 
the AVenham Vnnocular cannot be cunveniiaitly used. By the in- 
terposition of a plane silvered mirror, or (still bettor) of a reflecting 


portant invention, by which, there can be no doubt, he nuglit have largely pvo- 
titerl if he had chosen to retain Die exclusive right to it. 

1 Munfhb/ icroscviJical Jaiiru(0^ vol.iv. (lS70),p. hi, and voh vii. (187*2), p. 107. 
- Hid. vol. X, p. 41. 
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niisiii (tig. 77), above the tube coutuining the binocular prisms, 
tMoJi lialf of the cone of rays is so deftected that its image is reversed 
irdkally, the rays entering the prism through the surface C B, being 
veflect.ed by tiie surfiice A. B, so as to pass out again by the surface 
A C in the direction of tlie dottctl lines. Tims the right and the left 
lialf-coiies are directed respectively into the right and the left 
liocUes, which are inclined at a convenient angle, as shown in fig. 78 ; 
s(.) that— 'the stage being horizontal— tlie instrument becomes a most 
useful coni}jound dissecting microscope, and as thus arranged bv 
Swift, with well adjusted rests for the bauds, has bu1j few equals for 
the })urposes of minute dissections and delicate mounting operations ; 
indeed, the value of the erecting binocular consists in its appliea- 
hility to the picking out of very minute objects, such as Diatoms, 
Polycpihui, or Foraminifera, 
and to the prosecution of 
minute dissections, especially 
wlieii these have to l)ecan’ied on 
in tiuid. Ko one who has only 
thus worked momciUarly can 
appreciate the guidance derivable 
from bimctdar vision wlieu once 
the habit of working with it hn.s 
lieen formed. 

ToUes’s Binocular Eye-piece. 

An ingenious eye-piece has been 
constructed by Mi' . Tolies ( Boston , 

U.S.A.), which, fitted into the 
body of a monocular microscope, 
converts it into an erect! ng .stereo- 
scopic binocular. This conversion 
is efiectod by the inf.er position 
of a system of prisms similar to that originally devised hy MM. 
Xacdiet, but made on a larger scale, between an ‘erector' (re- 
sembling that used in the e}'e- piece of a day- telescope) and a pair 
of ordinary Ruyghenian eye-])ieccs, the central or dividing prism 
i)eing placed at or near the plane of the secondary image formed hy 
the erector, while the two eye-pieces are placed immeduitely alx)ve 
the two lakrul prisms, and the combination thus making that 
division in the pencils forming the secondary image which in the 
Xacliet bimxjular it makes in the pencils emerging from the objective. 
As all the image-forming rays liave to pass through the two surfoces 
of four lenses and two prisms, liesides sustaining two internal re- 
Ilexions in the latter, it is surprising that Professor II. L. Smitli, while 
julmittiiig a loss of light, sliouhl feel fible to speak of tJie definition 
ot this instrument as not inferior to that of either the AVenham or 
the Xachet binocular. It is obviously a groat advantage that this 
eye-piece can be used with any microscope and with objectives of 
high power ; ljut as its eftectivencss must depend upon extraordinary 
accuracy of workmanship its cost must necessarily be great. ^ 

^ See Amencf/a Journal of Science, yc^\. wxviii. (1S64), p, IIL and vol. xxxix. 
(1865), p, 212; and mnihlij Mi'rcusc. Jinirnnl, vol. vi. (1871), p. 45. ' 



Flo. 78. — Stephenaon’fi erecting 
binocular (1870). 




purposes for wliicli the use of the binocular is at present desirable it ac- 
complishes what is sought, and will be found invaluable for zoologists, 
botanists, and embryologists. The microscope is shown in fig. 79, 
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■uiJ hiis been constriieted by means of a combinati{jn of Porro jjrisjus 
c<iinponncI micvos(*/)j)e of the usmil optical type ; it |.K)ssasses 
niiiiiv of tbe advantages of the coiiipouiui micvO' 

H 'ope, 1 n\t inevitably loses lig]\t by the passing of |4 
ilie vuy tbvougli so many prisms, yet by means of ji 

ilie Pori'o pi'isins the inverted himge is I'enclered r 1 1 

t-reot. This may be practically illustrated by fig. \ / 

8(1, \v]iic)i sliowsthat tlie rays of light in passing ] '[ 
from tb(^ ohjeet to the eye unde vgn four siicce.s- 1 t 1 

sive re flexions at the snrfiices of tlie jirisms and 

(■merge fwmi the last prism with undi mini shed \ Y 

intensity. I'he prisms, it will be seen, have the 

effect of erecting the inverted image formed 

Ity the objeet'glass. But in this microscope |i j. u 

bmocuiur vision is obtained, not as in the usual i| j] l| 

form of binocular miciuscope, by the subseujuent j j j 

division of a pencil of light passing thi'ougb [ 

Oi^e object- ijlass ; hut two complete micro,sc(;pes, \ uiiT / | 
eacli liaving its own objective and eye- pieces, I \/ \/ 1 I 

are sinniltaneously directed upon the object. 

Tliis secures perfect stereo.scopic (orthomorpluc) i . 

vision, but of coiii’se no jmwei' iugher tlaui b 

inch can i)e employed. I’he path of the rays li 

is^nore clearly seen in fig. 81, giving a diagi’am 80,— Showing the 

l,y 3Iv. Nelson with one of the pn«ns tuvnert S^lhS’X’ 
round 90° to make clearer the action or the rays (1894). 
prisni.s on tlm ray. It is well to note that, 
uheii two of these erectors witli a doii)>lc objective binocular are 
used, tlie distance bet. ween tlie eyes can be compeiisjited for by 
merely turning the erector adaptors round in the micro.scojic tube. 

Ibis method of erection, which is both valuable and })i'actical, wa.s 
first described in Zahn’s ‘ Oculu,s Artificialis’ (1702), only )'eflectoi-.s 
were used in, stead of prisms, but the path of the rays is di\'erted in 
precisely the same way as with the Porro pri.sms, 

The .stereoscopic binocular is put to its most advantageous use 
when applied either to opaque objects of whose solid forms we are 
desirous of gaining an e.xuct appreciation or to tmaspafent objects 
which have such a thickness as to make the accurate distinction 


between their nearer and their more remote planes a matter of im- 
portance. All stereoscopic vi.sion with the microscope, .so faj’ as it 
is .-tnytliingmore than mere seeing with two eyes, depend.s, a.s already 
.'■^een, exclnsh'oly iip>on the iinecpial inclination of the pencils which 
fbi-ni the two images to the plane of the preparation, or tlie axis of 
the microscope. By uniform halving of the pencils — whether by 
jtri.sms above tlm objective oi' by diaphra.gms ov('v the ('yi^'])iece.s— - 
the difference in the dh’cetions of the illumination in regard to th.e 
preparation reaches approximately the half of the angle of apievtin*e 
of tile objective, provided that its whole aperture is filled witli rays, 
by tile cne-.sided halving we have been considering, the direct image 
is produced hy a pencil the a. vis of wliich is perpendicular to the 
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plfine of the prei»juvat,ion, find the deflected image by one whose a.xis 
is indined about a foiivth of the angle of aperture. 

Witli low powers, whidi allow of a relatively considerable 
depth -perspective, the slight difference of inclination, which remains 
in the latter case, is <pute sufficient to 
[uoduee a ^■ery marked difference in 
the jiei'.spectiveof the .successive layers 
ill the images. But with high power. s 
the difference in the two images does 
not keep pace— even when both eye- 
pieces are half covered — with the in- 
/\ crease of the angle of aperture, so long 

; 1 as ordinary central illumination is 

y\ I j I used. For in this case the incident 

A \ r 1 1 })eucil does not till the whole of the 

! 1 [ j opening of t,he ohjecti\’e, luit only a 

[1 I 1 1 1 relatively small central part, which, 

I ; ] 1 j I as a rule, does not emlirace more than 

! 1 I I 1 I 40“ of angle, and in most cases «m- 

! i 1 ! I 1 not embrace more without the clear- 

I I } 1 1 1 ness of tlie micr().sco[iic image being 

1 I • 1 I I affected and the focal dejith also being 

! 1 ; ; I lumecessarily decreased. But as 

; 1 those parts of the preparation which 

i 1 i j A especially allow of solid conception 

i 1 always foi-med by direct tinns- 

j ^ ^ 1 \/ mitted rays in observation w ith trans- 


these circumstances the difference of 
Fic si.-Simpki' iltastruUon of tlic founded, not on the 

patii ul tinj ray witn uiie [iniaiii ® i i-’ i i - 

turimd through aji angle of 90- to w'liolc apertuve-anglc of the obiec- 
muke the path of the rays dearer, tive, blit Oil the much smaller angle 
of the incident and directly trans- 
mitted pencils, wHich only allow* of relatively small differences 
of inclination of the image -forming rays to the preparation. Jtis 
— evident, lunvever, that wdven objectives 

of short focus and corre.spondingly large 
angle are used, a considerably greater 
differentiation of tlie two images with re- 
spect to parallax can be produced if, in 
place of one axial illuminating pencil, twx) 
pencils are iiseil op]>ositely inclined to the 
axis ill siu'h a way tliat eacli of the 
images is produced by one of tJie pencils. 
This kind of double illumination, though 
it cannot be obtained by the simple 
Fjf. 02. mirror, can be easily produced by using 


• ^ 


w ith the condenser a diaphingm willi two 
openings (fig. 82), placed in tlie diaphragm stage under the con- 
denser. We then have it in onr pow'er to use, at idea, sure, pencils 
of narrower or wider aperture and of greater or le.ss inclination 
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towards tlio axis by iimking the openings of difievent wulth and 
diiferent disteiice apart. 

With diaphragms of this form (which ean ciiisily be made out of 
cardboard) the larger aperture angles of higli-power {)lijectives may 
he made use of to intensify the stereoscopic eflect without employing 
wide pencils, which are prejudicial both as diminishing the clearness 
of the image and tlie focal de[)th. 

Of course with this method of iilumiuatioi\ both eye-pieces must 
he half covered in order that one iimvge may receive light only from 
one of the tw'o illumiiuiting cones, and the other only 
from the other. The division of light in both the. aper- 
ture-images will then be as shown in fig. 83 ; and it is 
emdent that in this case the brightness of t!ie image for 
both eyes together is exa.ctly the same as would l'>e given ^3 
hy one of the two cones alone without any coverin'^. 

The method of illumina.tiou here referred to— which was origi- 
nally recoinniended by Mr. Stephenson for Ins binocular inicro.scope— 
lias, in fact, proved itself to be by fer tlie l^est when it is a. question 
of using higher powers than about 300 times. It necessarily requires 
very well corrected and properly adjusted objectives if the sharpness 
(d tlie image is not to suffer ; but if these conditions are .satisfied it 
yields most striking stereoscopic effects, even with objectives of 2 mm. 
and less fiscal length, provided the preparation under olrservation 
presents within a small depth a sufficiently chai'acteri.stic .sti-nctui'e. 

Nou-Stereoscopic Binoculars.— The great comfort which i.s ex- 
perienced by the niicvoscopist from the conjoint n.se of both eyes has 
led to the invention of more than one anuiigement by u lucli tlii.s 
comfort can be secured when those high powers are required which 
cannot be employed with the ordinary stereoscopic binocular. Tlii.s 
is a.ccompUshed by ^te.ssrs. Poweir'and Lealaiul by 
taking advantage of tin; facd, alrea<iy adverted to, that 
wlien a pencil of rays foils obliquely upon the sur- 
face of a refracting medium a part of it is reflected 
witliout entering tlmt medium at all. In tlm place 
irsnally occupied by the Wenhain prism, the}’ in- 
terpose an iiiclinecl plate of glass with parallel sides, 
tiirough which one portion of the ra\ s proceeding up- 
ward.s from the whole a])priiire of the objectiA'e passes 
into the principal body with very little change in its 
course, wliilst another portion is refiected from its sur- 
foce into a rectangular prism so jdaced as to direct it 
ohliquefo upwards into the secomlaiy ])ody (fig, 81 ). 

Although there is a, decided difference in brightness be- 
tween the two image, s, that formed by the reflected ray. s 
Ixmig the fainter, yet tlierc is marvellously little loss of kic Si i isos ) 
detiintioii I u either, even when the oOth of an inch objec- 
tive is used. The disc and prism are fixed in a short tuVie, which can 
w readily substituted in any ordinary binocular microscope, for the 
one cor.taining the Wcnhaui prism. Other arrangements nere long 
!>mce (iCVLsed by Mr. Weuhamd and subsequently liy J)r. Schroder. 

^ Tranmefions of the. Micvosc. Soc, N.S. vol, xiV. (ISOG), p. 105 . 




106 VISION WITH THE COMPOUND MICROSCOPE 

for securing binocular vision with the highest powers. We have used 
the latter of these u ith perfect satisfaction, but all that is required 
is at the di.s]x)Siil of the student in the aiTangement of Powell and 
Lealanil. 

To those who have used these foniis of binocular habitually it 
has been a, frequent source of surprise and perplexity tliat, although 
theoretically such a form as that of Powell and Lealand's is non- 
steveoscopic, yet objects studied with higli powers have appeared as 
if III relief, and the eftect upon the mhid of stereoscopic vision has 
been distinctly manifest. The Editor was conscious 
of this for many years in the use of the Powell an<l 
Lealand form, with even the ^d^^th of an inch yKiwer 
of the achi'omatic construction ; at the time he inter- 
preted it as a conceptual effect ; hut it always arose 
when the pupils fell upon the outer halves of the 
Ram.sden circles. The explanation, Dr. A. C. 
Mercer considers,^ is due to Abhe. Since (fig. 85) 
when the eye -pieces are at such a distance apart that 
the Kamsden circles cori*espoii<l exacttly with the 
pupils of the eyes, centre to centre, the object appears 
ihit. But if the eye- pieces be i kicked down, so as 
to be nearer together, the centres of the pupils fiill 
upon the halves of the Rainsden circles and we 
have the conditions of ortlmscopic efleiT ; while if they he racked up 
so as to he more sepai-ated, the centres of the pupils fall on the inner 
halves, and we have p,seudoscopic effect. 

The Optical Investigations of Ganss.— Before leaving this section 
of our subject, in which we have endea\ ()urpd, with a.s much clear- 
ness as we couhl command, to enable the general reader to com- 
prehend with iut.elligihility the prindpUs of theoretical aiul applied 
optleH as they relate to the microscope, we believe we shall serve 
the higher interc'sts of microscopy, and the wants or desii-es of the 
more advanced mieros(‘o[)ical experts, if we endeavour to present in 
a form eitlier devoid of tecluiicality or with inevitable technicalities 
explained a genered outline and then an apphcation oj the famous 
dioptric investigations of (laass^ an eminent Derman mathematician, 
wlio, amongst many other brilliant labours in ajiplied mathematics. 
e.fjKintuhd the la.trs of th^, refraction of light in the case of a co axial 
sgsiem of spherical surfaces^ haring media of various refractive in- 
dices bjing heticeen them. 

Although the assumidions ui) 0 )i wliich the formuke of (Uiu.ss 
rest are not coincident with tlie conditions presented by the lens- 
eomhinatioiis which are employed in the construction of modei’U 
objectives of gi’eat aperture, the results, nevertheless, furnish an 
admirable present tion of the path of the rays and the positions of 
cardinal points, even in the microscope as we know and use it. 

We reinemher tliat tlie mierosco]ie is largely used in England 
and America by men who can only employ it in their more or less 
brief recessions from pi'ofessional and commercial pursuits, b\it who 
often employ it with enthusiasm and intelligent purpose. Much 
’ Joiini. s€‘r. ii. vol. ii. p. 271. 
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H'lontific work may be clone by snch men, and it will promote the 
;uf()iiipH8bmeTit of this, in our judgment, if the frequently expressed 
,i.w;i'P he met which will enable 


viich students to understand in a 
(General but thoroughly intelii- 
f^ent manner the principles in- 
volved in the employment of 
systems of lenses. 

Many such either have scanty 
knowledge of algebra, or in tlie 
(•(mtiniious pressure of other 
claims have lost much that they 
once possessed. We believe that 
in tliese ca.se.s the following ex- 
jwsition of the dioptric system 
of (hiuss, witlj a following ex- 
ample woi-ked out in full and 
\vitl\ every step made clear, will 
be of real and practical value. 
Without some intelligible under- 
standing of the ultimate priu- 
eiplos of the microscope no I'e- 
.sulfc.s of the highe.st order can, at 
Icicst with }uoderate and high- 
jxuver lenses of the best modei'n 
construction, he anticipated. On 
rliis gi-ound W 0 commend the 
stady to the earnest reader. 

Lot R "N", S N' (fig, B6) be 
the .spherical .surfaoe.s of a lens 
:)f density greater than ai]‘, and 
'et P R S p l)e the course of a 
■ay of light passing through it ; 

J, O'”, the centres of the .spherical 
airfaces. 

Let P R^ R S be produced 
to meet the perpendiculars 
through C ami (Y in A and 

Let C R=r, C' 8=^','- 
iialex of refraction out of air 
into the raediiuu. the 

thickne.s^ of the lens. X R=6, 

X' These may Ijc con- 

>^idered as .straight lines. 

Let the equation tci P R !)e 

y~^>=m(a'-OX) . . (1) 

Let the equation to R S he 

;V*~^'=->i'(;r-OX) , . (2) 

■' exaggerated toy tli 

- 11 either of the curvatures be turned ii 
coiTespondiiig r must be changed. 





sake of clearness, 

the opposite direction the sign of the 
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o,, . . (3) 

Let the eiiUJitiou to S ji? be y -//=3?i%i‘ — 0 N') . . (4) 

From (2) funl (3) 

// — /j=??T (OK''— 0N)=?33^ . . (r>) 

Xow 0 Ki . sill C Kj B I 

'^f^,sinCAR=fi.I^.sinCBR. 

0 11 OK 

Kow (J A und C B are the V!iluej< of y in equiitions (1) uinl (2) 
when .'*‘=0 0 ; 

C A=6 + 0 — 0 + m, r ; 

ainl similarly C B=:6 + 3yi^3’; 

(^3 '/3A Sin C A It—ju. {h h\- ?') siii 0 B B. 

Kow OAR, GBR do not in geiiei-al tliiler much from each 
otlu'r, so tlmt foi‘ a fii'St approximation we may consider them to he. 
equal. 

ft + M r^yih-^m' r), i.e. y ^ ^ . h. 

^ = a; then /i w'=m — 6 M . . . (b) 

Similarl}’, sin C' S B'=:jLt . sin S A' ; 

or, , sin 0 B' , siii 0 A^ ; 

and, as before, 

(J' B'=^/ + ?/t"/, G' r' from equations (4) and (3) ; 

as bef>re we may take 

i/ Y Hi" i‘’—jL Y hh' C), or jx hi'=rn .'’ — 


. ;=y//^ then fi lit/ ~vi" ^1 / k' 


From (o) and (6) ( i _ . 

V u / 

,, this and (J) vt.'^ = y ni/ Y b ti/ 

and from (6) =^rn~h nYb h/ - 


and from (6) =?/j — ft 


d nk 111 d a. 

J+ 

T d «\ , 111 d i 


= 1 +ft 


A.s.suuie 

d I . d H d v.' ^ , d it h/ 

—h, 1 - - = <y, 1 + n' -it-- =zk 

F- F F F 

then ft'=,7ft + A3;n , ; r ? t /OV 

Kow let X, V be tiic coordinates of P, the point from which the 
ray of light proceeds ; 

then by (1) h^Y~m (X-0 K) ; 
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.iilistituting in (8) Y + ?/?. {h-g , X~0 X) ; 

w"~k y ~\-m (l—k X. — OX); 

wlieiice 

Xow substituting in (4) the equation to the refraeteil ray 
Inrouies 

^-/.{x--()xy 


‘/-yl'(X~OX) 


\ {l-k{X~OX)l 

= VI^' (:r. =0 \' + 

\ ' r~/.(x-.ox)/ 


Uii-st: If X be Uiheii such that l~^k (X-OX)=l. i,,. 
X = 0 X “ = () Ej siqipose ; 

tlteji when 

,c-^() X'— /d.-t;/ ^ =0X'+ ^ ^=0E', suppose'. 

//= Y, or V and p are lapialiy distant from the axis. 

Aiso, if Y = 0, y = 0; f)rifa. ray proceed from E, it will after 
refraction pa.ss throimli Eh Also m. = - . ~ — .,,0 fU.w ^ 

the ray will be equidly inclined to the axis l:)efove and after refrac- 
tion. 

K and are called the ‘ principal ]K)iuts.’ 

d tr' 

(>E = OX~ --^-^ = 0X4- ^--- 1 


UF/=O.N'+ 


Secondly: if at" = 0, or the ray ho painllel to tlte axis aftei 
■efraetion, we have from (8) 

l,=z and tiie equation to tlie incident ray becomes 

// + i w ~ m (.C - 0 X), <IV !) = a? ^ ,c - ( ) X - : 
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dn’ 

I 

when y = 0, •>; = 0 i + ~ duit! 

u — u — 

=: 0 F, siipix)se. ^ 

If = 0 or tlie riiv be piU'allel to the axiw before refraction, ^ve 
liave from (8) 

V — (jh^ ^^ 7 ///-, and the eipiatioii to the refracted ray becomes 


(f 


du 


1 _ 


when // = 0, ,t' — 0 ^ — 0 N — 


d n id 


C) F = 0 X d- 
0 F' = 0 


= 0 F\ su])[mse. fi 

F and F' are called the ‘ focal |X)iiits/ 

d id \ 
ju [t(' — 7^) — d t(- n- ; 

y, — d 76 

p (?// — 7/-) — d n, id] 

The focal distance -/ = 0 F - 0 E = 0 E' - 0 F' 

_ _ _ M „ 

p (v</ — vf ) — d a id k 

Similarlv, it may l)C shown that if there be two lenses, and sub- 
script numbers refer to the first ami second lens respectively, while 
E, E- , F. F' refer to the entire system, and if 
^ = 0E2-C)E/, 

r, = — ^ = /ai (a/ - a,) - d^ 7?,', 

/ 1 

Co p. ((7/ - >' 2 ) — <'2' 

oe = oe,+ - — ' 

OB' = OE/-- i’ 

OF = OE,+ + 1 

P2 ^’1 d" /^1 ^'2 d- 0 7'] V.} i 

of'=oe./- + i' 

u.^r, d- /^i c., + 5 r. r^l 


We arc now prepared to work out an i>,>mdple of the (tanm sf/stem 
by tracing a ray through two or more lenses on an axis, showing how 
any conjugate may be found through two or more lenses on tliat axisd 

> Rcmeinberiiig our object, iind the aissumed conditions of some for whom we 
write, we do not hesitate to preface tliis with tlie following notes to reniind the 
reader of the sense attached to certain mathematical expressions. 

00 means infinity. A plane surface of a lens is considered a spherical surface of 
III) infinite radius. Any number divided by =^-> -0 any number divided byO-w; 
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The Gauss system of tracing a ray through two or more lenses 
on an axis illustrated by means of a worked-out example. 

Two lenses, 1 and 2, fig. 87, ov an axis x y are given, No, 1 is 

double convex of erowu | inch tliiek, the refractive index y l)eing 
;i file radius of the sur&ce A is J and tlu\t of B 1 inch. No. 2 lens 
is\i plano-concave (if flint yL thick, the refractive index y being 
tlie radius of the siii‘£<ce (* is A and the .snrfiice 1) is plane. Tlie 
(iistauce between the lenses, that is, from B to (J ineiusiired on the 
is j inch. The problem is to find the conjngiite focus of 
iriven pcdnt V. 

In order to accomplish this two jKjiuts have first to be fo\irid with 
reipird to each lens. These points are called principal points (see 
PP', QQ^ uf curvature r and r', d, 

the thickness, and refractive indices of the respective 

lenses/ are known, the distance of these jKiints from the vertices, i.e. 
the points where the axis cuts the suvfiices of the lens, am lie found. 
I1ius by a])plying Professor Fuller’s formuhe to lens 1 the distance of 
P from* the vertex A can be determined— seep. 11b (i)— .similarly P' 
from B— p. i 1 5 (ii). In the same way the points QQ^ from C and 1) 
ill lens 2 can l>e measured off— (v) (vi), pp. 1 Lb, 116, 

It must be jmrticularly noticed tliat in measuring off any dis- 
tance if the number is + it must bo mea.snred from left to right, 
and if — from right to left. Thus in (i) p. ILb liecaiise the sign of 
•158 is + P lies -158 of an mch to the riglit of A, And in (ii) 
because ’21 is — P' lies -21 of an inch to the left of B. Tlie same 
rule applies to the radii ; thus the radius of A, being measured from 
the vertex to the centre or from left to right, is + ; but the radius 
of B, being measured from the vertex to its centre or from right to 
left, is Similar iy with the conoavt^ surface, V being measured 
from right to left is — , 

In both the examples before us tlie points PP', QQ' fall inside 

iUiv aumbey imiltirlied by tl = (i. plus, or minus, or multiplied by auv number is 
still ' ■ 

The following are the rules for the timluieiit of algebraieal signs: 

In the mnlUplkatioii or dimion of like sigos the result is always but if 
the sigi^sare dissinklar it is always anaas. 

Ill addition, arid all the terms together that have a plus sign ; then all the terms 
with a miniift sign ; snbtraet the less from the greater and affix the simi of the 
greater, Example : 

+ 3-4 + ‘ 2 - 5 = - 4 , 

In subtraetioLi change the sign of the term to be subtracted and then add in 
accordance with the previous rule. Example : 

i3 

All example occurs in the annexed equations (x) and (xi), p. 11(>, of _ 4 - - = + 
but then tlie + is changed into a - by tiie negative sign in' front of the fraction! 
In (xii), p. UG, however, there being a I- in front of the fraction, the result remains 
positive. 

I In the. worked-out example no distinction has been made, between the c, »•' of 
one lens and the r, r' of the other lens, as well as of ;u and r/, beeaiise when the 
principal points and focal length are determined for one lens those expressions ate 
not again needed, so the same letters witli different values assigned to them may be 
equally well used for the next lens, Too many different terms are apt to contuse 
the student, while those who are familiar with mathematical expressions will under- 
stand the arrangement. 
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their respective lenses, hut it does not tbllow that they \vill do so in 
t-vcrv instance. In some forms of menisci, for example, they will fall 
<nitside the lens altogether. 

With regfird to the focus of the lens it follows the same rule ; 
thus, /in lens 1 is measured to the left from P, and f' to the right 
from P/ similarly in lens 2, /Ms measured to the right from Q, 
aiid/'^' to the left from Qh 

Having determined the focal length of each lens, the distance 
between the right-hand principal point of the first lens P'’ and the 
1 eft-1 ui ml ])rincipal point of the second lens Q must next be found. It 
jujinifestlv is the distance of B from -f the dishince B C between 
the lenses, Q being at the point C. Therefore, 

P' Q=-21-b-2r)=-46=c. 

AWien these three data have been obtained — that is, the focal 
length of each lens, and the distance between them— wc are in a 
position to apply the formuhe (ix) and (x), p, 1 16, to find the principal 
points E and E' of the combination . 

In selecting the value of the locus to be p\it into the equations 
for both lenses, tlie last must be taken, that is, in lens 1 (iv) or 
+ •947, and in lens 2 (viii), or — 1-875. 

It will l)e noticed that the value of E being neg-ative, it will be 
measured '314 incli to the left fioni P. Similarly, E^ is measured 
-6'22 inch to the left from Qf 

<j) also is 1-28 to the left from E, and ]• 28 to the right from EC 

Th(‘se four points, E E'' and ^ /, are called the cardinal points 
<d' the combination. 

Here it must be observed that in this work it has been necessary 
for want of space to resti'iet the |)roblem to cli'y lenses, that is, to 
those cases where the ray emerges from the combination into air, the 
same niedinm in which it was travelling on immergence. It is on 
that accoiiui that the values of and <p' are the same. 

Having now obtained the four cardinal points, we may at once 
proceed to find tlie conjugate of x. 

Let X e([ual the distance of the point .r from the focal jdaiie 
ami // the distance of its conjugate from Then by formula (xiiij 

./•y = (jr, and as /■ = 1 inch, ij = ^ = 1'6;}84. 

This uumericallv deteviuiues the position, of the conjugate plane. 

ff the ray.s'incident on the coiiiV)iiiatioii are pai-allel,. then ;>■= oc. 

and ;y = ^ = 0, wJiicli ])ieans that y is coincident with (j/. 

The following is the graphic method of finding the conjugate of 
V. From V, fig. 87, draw a line ])arallel to the axi.s to meei E', and 
from the i>oint where it meets E^ draw a line tlivough X, the point 
wlmre <// cuts tiie axis, to W, 

FromY draw another line thrnugdi M. the jioint where f/) cuts 
the axis, to meet E, and from the point where it meets E di-aw a 
line parallel to the axis, cutting the other lim? in 4V. W will be the 
conjugate of which was ivquired. 
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Tf it is required to find 
the ooujugateofa ruy pass- 
in jr tlu’ough three lenses on 
ntwtxis, two of the lenses 
must heooinbined and their 
lour cardinal ]>oiuts foiuni. 

The principal points 
un<l the focal length of the 
third lens must then be 
Ciilculated, and then coin- 
liiuOil in tiieir turn hy 
tiirinuhe (ix), (x), (xi), and 
(xii), p. 116, with tlie car- 
dinal points of the double 
comhiiwtion. S is taken as 
the distance of the first 
priucipiil point of the com- _ 
iiiiiatioii, nearest the third 
lens, to the second principal 
point of the lens, nearest 
the coinbinatiou. A fresh 
set of cardinal points is de- 
teruiined in this manner 
f )r the tiiree lenses. 

,So also with four lenses ; 
the cardinal poii^ts of each ^ 
pair being found, they are 
coniliined l>y the same 
foniiidje, and new cardinal 
points for the witole com- 
Itinatinn of four lenses are 
<il(talned. Siniilai-ly, the 
cardinal points of five, six, 
or any numbt^r of lenses 
can be fonnd and the con- 
jugate of any point Ux'al ised . 

Finally, no one need lie 
discouraged by tlu' a])poar' 
aiice of the length of the 
calculation ; tlie exa)i\))le is ^ 
given in full, so that any 
one acquainted only with 
vu]g!U' fntctioiis and deci- 
mals cun utu'k it, oi‘ anv 
other similar problem, out. 

In lens AA. 1, for in- 
stance, the iiuineratoi-s of 
I he fractions are ail very 
siiiiple, and the denomina- 
tors of the four equations 
are all alike; so, too, i?i 
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tlu' equations for Ko. 2 and in those for both lenses. Further, / is 
the sajue as f'-, and i>' as (|^. Henee the problem is much 

shorter than it looks. 

If the conjitgjite of a point on the (t.vis is only requii'ed, and if 
the prineijiixl }Kiints and loci of ejuh lens have been determined, it 
Avill nut be necessfiry to enter into the further calculation to find E. 
E' and <!>, the cai-dinal points of the combination, 

The method of ])roc‘cdure is as follows : If x is the given point, 
its distance from J] the focus of lens ^ 0 . 1, must first be measured. 
Call this dismnce x. Then the disfixnce of o its conjiig'ate from the 
other focus,/', sup])osiug lens Ko. 2 to be removed, can be found by 
formula 


0 X =/^, 0 

/^ = -8fi7, 0;== 1-65; 


•897 

PGn 


= -543. 


This is tlie distance from J' to o. 

As. the distance from ,r to / is positive, the distance between f' 
and o is also positive ; .so o is to the right of/C 

Before proceeding it will lie as well to examiiie other ])os.sible 
cases which might occur, 

Suppose that X was at the jxiint /, then a- would equal 0, and 
o=:x ; that is, o would lie at an infinite distance from /'. If, on 
the other liand, the ixnnt .r was to the light of/, x w'ouid be nega- 
live, and o would be also negative, because /^ is always jx^sitive ; 
0 would tlien be measured off to the left of /', and tlie conjugate 
would be virtual. This means that there will bo no real image, 
because' the rays will be divergent on the/' .side of the lens, ns if 
they bad come from some focus on the / side of tlie len.s. But to 
return. The point o having been found to be the conjugate of x. 
due to tlic sole influence of Ko. 1 lens, we have next to measure the 
distance between o and/", and, by applying the same formula, find 
the distance of its conjugate from /"', owing to the exclusive effect 
of Ko. 2 lens now replaced. This distance of" may be found thus : 
B' o=F r +/ o = -y47 + ■.'543 = 1-49 ; 

F /"=F B-f B04*Q/''=21-f2.') + l'87.5=2'335; 

P' /"-P' 0=0 /"=2*33.d-1-49 - -84.5. 

Calling this distance 0, then, by fornnila t/ 0=,/" we sliall fiml 

the <UsttUice of ij from/'" which we shall call //. 

..... ./ 7 ^ 

=4‘ Ui, which is jtositive ; therefore y lies 4'1(> iiiches from/"' to the 
right hand. ,y is therefore the conjugate of due U) the influence 
ot both lenses 1 and 2. Similarly, the conjugate of any point on the 
axis may be found through any number of lenses. 

Lens Xo. 1 ; Radius A = ^ = >-; radius B = — 1 = ?*' : 

thickness = ^ = ^ = P^'i'^^dpal point inea- 
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from A ; P^= principal point rneasuvcd from 13 
3 3 

2 “ __ 2 . =_1 . 


« = 3 '■s’"'" 


3 / 1 2\ 7 , , 1 2 1 1 

^ (h'-'U) ^“2 "3] ^ ^ ^ 2 ^ 3 ^ “ 2 “ ~ 6 ’ 

7 1 19 

^ — h) — (I ff' ^ + g — 12 ' — — I’oH.l ; 

1 1 

<i«-' . 2^-2 . 3 

]2 

=A + '158 .... 


F=B+---^Ai^_= B +L-^= B- i 

fi[a—i()~duH A" I'A 

~r 2 


12 

=;P--947 


J' = 'P'~ ^ . =P'_— i— =:?'A 

fjt {u'—i()—d u i(/ 19 ] <) 

"12 

=F + '947 (iv) 

9 

Lens A^o. 2 : Bata . — Radius C! = — q=/' ; radiu.'^ 1) = x = r'; 

O 

1 8 

foci, thickiies.s = (Z ; jn = - ; Q = la-iiicipal point 

measured from C ; Q'=priiicipal point measured from 1). 

»_i *^-i 

P — 1 5 ^ jj 

“ “ 9 “ ” 1 5 ’ r' ^ X ~ ' 

8 

. ,8/ H\ (i4 , , 1 8 

(" - «) =5 (® + 1 .0 ) =70 ’‘'""=10^-15'^"='*^ 

, , . , ,94 64 0-0 

p [u —i()~d a n =^,—0 = ^., = '000 ; 

Q=l^+ y / V ,,=:C4- + 9 • (') 

p(«— a )— (m 
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, = 1 >+ 

=1)— ‘062:“) 
8 


1 8 

64 

7o 




,= Q+a = Q+ 


+ „l„'~,A-d, 


64 

75 


/"'=Q' ’s’ 

7:) 

=Q'- 1-875 . ^ . 

Jhfh Distiuice a^iart = E C =|=--'> ; Q = 

•4(i = r ; ,/'= tnfa> of Xo. 1 lens = '947 ; /' = f^ons - 

‘46 X ■947 _ ^ p + 

947 — 1-875 — -16 
= P-‘5U . . • ■ 

= --Q-, 


= — 1-875, 
K P + 


/■+,/ 


J +./ 


_ 1 -388 


<c==^:- / + r-f 


f.f =E- 


947 — 1-875 — -46 

L= cy — -621 

8 

•947 X — 1'875 
947 — 1-875 — -46 
- = K - 1-28 . 


- 1‘:188 


,// - ly + 


fj _ _ 
/ + /' - < 


E' + - 


•947 X - 1-875 


947 - l-87"'5 - -46 


:K' + 


— 1-775 _ 
_ i-iiss" 


:E' + 1-28 


= 1 - 6:’)84 
I’O 


. (vi) 

(vii) 

• (viii) 
■21 + -25 
)f \o. 2 

•456 
- 1-588 
.(ix) 

• 

■ (xi) 


H = 


• (^i') 

(xiii) 
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THi: HISTOHY ANV 2)}':VEL0PMENT OF THE MlCItOSCOPF 


'I'nK liistoric pvogi'essioti of the modern microscope from its earliest 
iiici'i'tion to its most perfect form is not only full of interest, but is 
also full of tlie most valuable instruction to tlie jiractical micvo- 
scopist. In regard to Urn details of this, our knowledge has been 
ureutly enriched during recent years. The anti(pmviau knowledge 
and zeal hi this matter possessed by Mr, John Mayall, jun., and 
tlic uniipie and valuable collection of microsco|)es made by Fi-ank 
t.Vi.sp, Es{|., LLK., ranging as they do through all the history of 
the instrument, from its earliest employment to its latest forms, 
have fuioiished us with a knowle<lge of tjie details of its history not 
possessed by our immediate predecessors. 

We mav obtain umeli insight into the nature of what is indis- 
])ens5dde iiud desifahle in the microscope, both on its mechanical and 
optical sides, hy a thoughtful perusal of these details. It will ilo 
more to enal»le the student to infer wliat a good microscope should 
be tiian the most exhaustive account of the varieties of instrument 
at this time produced hy the several makers (always well presenter] 
iii their I'espective catalogues) can jmssibly do. Availing our, selves 
(d’ the material [daced at our dispo.sal by tlie generosity of tlicse 
gentlemen, we shall therefore trace the main points in the origin 
and progress of the micvosco})e as we now know it. 

ill’, MayalP gives what we must consider unaiisweral)le reasitns 
for looking upon the microscope, ‘ as ue know and emplov it,’ as a 
strictly modern invention. Its ocenrrence at the period when the 
s[)irit of modern scientific re.search was assortiiig itself, an<l wlien 
the necessity for all such aids to physical inquiry and ex})ei‘imental 
research was of t]\e highest vahie, is as striking as it is full id' 
interest. 

U may he held as fairly established that magnihdng lenses were 
not known to the ancients, the simplest optical instruments as we 
umierstaml theju havi]ig no place in their ci^'ilis;Pion. 

A large numhev of jiassages taken fmm ancient authors, ami 
liaviug an apparent ov sujjposed reference to the eiiqdoyment of 
magnifying instruments, have been cullected and cavehdly criticised, 
witli the res\dt that all .such }>asNiges can be t'xjdaiued without in- 
\'olving this a.ssvimption. 

We learn from Pliny the eldei* and others, that crystal globes 
filled witii wat(‘r were employed for ca uteri si tion by focussing tlu' 

^ Cantor Lectnyes on the Micromi^pc, ISSG, ]>, 1 . 
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x\in’s ravs as a liuvniiig-glass, and tliat those wove used to pvodiU'B 
iKuitiou; l)ut thei-e is no trace of suggestion that these refracting 
gltil)es could act as luagnifyiiig instruments. 

Seneca (^Qiuest. Xat.’ i. 6, § 5) states, however, that ‘letters 
though small ami iiidistinct are seen enlarged and more distinct 
through a glolx' of glass filled with water.’ He also states that 
‘ fruit a})pears larger wlimi seen immersed in a vase of glass.’ But 
he onlv concludes froui this that all ohjects seen through water 
a[>peiir larger than tliey are. 

In lihe manner it could he shown that Archimedes, Ptolemy, 
and others had no knowledge of the jahieijjles on which refraction 
took place at curved surfaces. 

Xor is there any ancient mention of spectacles or other aids to 
^'isiou. Opticid phenomena were treated of ; Ai'istotle and the Greek 
physician Alexander dealt with myopy and presbyopy ; Plutai'ch 
treated of myo[>y, and Pliny of the sight. Bnt no allusion is made 
to even the most sim])le optical aids; nor is there any reference to 
anv such iustrnmeiits b}' any Greek or Koinaii physician or author. 
Tn the fifth century of the Christian era the Greek physician Actius 
sitys that myopy is incnrahle ; and similarly in the thirteenth 
century another Greek physician, Actuarius, says that it is an in- 
firmity of sight for which art can do nothing. But since the end of 
the thirteenth contui'y, which is after the inyention of spectacles, 
they are frequent ly refei'red to in medical treatises and other works. 

If we turn to the works of ancient artists we find amongst their 
cut gems some w'oi-ks which re\'eal exti'cme minuteness of detail and 
delicacy of execution, and some have contended that these eouhl 
only have heeu execiiteil hy means of lenses, Bnt it is the oynnlon 
of exj)orts that there is no engraved woi'k in our national collection 
in the gem department that could noi. have been engi’aved by a. 
qualified mo<iern engmaver l)y means of unaided vision; and in 
reference to some very minute writing which it was stated hy Pliny 
that Cicero saw, f^olinus and Plutarch, as well as Pliny, allude to these 
maryels of workmanship for the ])uvpose of proving that some men 
are naturally endowed with powers of vision quite exceptional in 
their excellence, no attemy)t being made to explain their minute 
details as the result of using magnifying lenses. 

These and many other instances in which reference to lenses 
must have been made had (hey existed or been known are coii' 
elusive ; for it is inconceivable that even simple dioptric lenses, to 
say nothing of spectacles, microscopes and telescopes, could ha.ve 
heeu known to the nm-ieiits without reference to them having been 
ma<te hv many writers, and especially by such men as Galen ami 
Pliny. 

The earliest known reference to the ia\^eiiiiou of spechicles is 
found in a inamiscript dating from ITorence in 1299, in which the 
w'viter says, ‘ 1 find myself so pressed by age that T can neithe!- 
read nor write without those glasses they call spectacles, lately in- 
vented, to the great advantage of poor old men when their sight 
grows weak.' ^ Giordano da Rival to in 1305 says that the invention 
i Smith’d Optics, Cambridge, 1738, 2 vols. ii. pp. 12, 13. 
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of spectacles (Ijites buck ‘twenty years,’ which would he about 128o. 
It is now known that they were invented by Sulvino d’Armato «legli 
Arniuti, a Florentine, who died in 1317. He kept the secret for 
pi-ofit, but it was discovered and )>nblished befjve his death. But 
there is a singular evidence that a lens used for the purpose of 
magnification was in existence as early as between 1513 and 1520, 
for at that time Ihiphael piinted a |K)rtnut of Pope Leo X. which 
is in the Palazzo Pitti, Florence, in this picture the Pope is drawn 
holding a. hand imignilier, evidently intended to examine wtrefully 
the pages of a book open before him. But no instruments coni' 
parable to the modern telesco|x^ and microscope arose earlim- than 
the beginning of the seventeenth century ami the closing years of 
the sixteenth century respectively, 

Tt i.s, of conr.se, known that there is in the British ^luseum a 
remarkable piece of rock crystal, which is oval in shajie and ground 
to a plano-convex foiin, which was found by IMr. Layard during the 
excavations of Sargon’s Palace at 
Ximroud, and which Sir David 
Brewster believed was a lens de- 
signed for the purpose of magni' 
f 3 ’ing. T f this could be established 
it -svould of course be of great 
interest, for it has been found 
[tossible to fix the date of its pi'O- 
diiction with great probability as 
not later than 721-705 b.c. 

A < Ira wing of this ‘ lens ’ in two 
as[)ects is shown in lig.s. 88 and 89, 
and wo spent some hours in the 
careful examination of this piece 
of worked i-ock crystal, which hy 
the courtesy of the officials "we were 
permitted to photograph in various 8‘J.— An Assyrian ‘ lens ’ (?). 

positions, and we are convinced 

tliat its lenticular character as a dio}>ti'ic insii'iiment cannot be made 
out. There are cloudv^ striie in it, which would prove fiital for 
optiad pm-[)oses, luit "would he even sought for if it had been intended 
as a decorative boss ; while the grinding of the ‘ convex ’ sni-faei,‘ 
is not smooth, hut produced by a large number of irregular facets, 
making the eurvatui'e quite unfit for optical [>ni'jx>ses. Jii triitln 
it may be fairly taken a.s establi.shed that there is no evidence of any 
kind to ju.stify ns in believing that len.ses for optical purposes w'ere 
kmnvn or used before the invention of spectacles. 

From the simple spectacle-lens, the transition to lenses of shorter 
and .shorter focus, and ultimately to the combination of lenses into 
a componnd form, would be — in such an age as that in "which the 
invention of sj^ectacles arose — «mly a 111 a tier of time. But it is 
almost ijupossihle to fix the exact date of the production the fii‘st 
microscope, a.s distinguished from a mere magnifying lens. 

There is nevcTtheloss a consent on the part of those host able 
to judge th'rit it must have been beDveen 1590 and 1009 ; while it is 
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fU’()biiV>le (but by no mejins certain) that Hans jmuI Zacharias Janssen, 
s^mTaclo makers, of Mitldelburg, Holland, were the inventoi's. But 
it ^^•()ul(l appeal' that the eai'liest microscope ^\'a.s constructed for 
obser\'iiig objects by retlecterl light only. 

At the Loan Collection of Scientific Instruments in London in 
1H7() an old microscope, which had been found at Middelburg, was 
slioNMi, which, Professor Harting considered, might possibly have 
been made by the Janssens. It is drawn in fig. 90, and consists of 
a combination of a convex objeetdens and a convex eye- 
lens, which Ibrni was not published a.s an actual con- 
.struction until 1646 by Fontana, wliich, as Mr. Ma 3 ’all 
})oint.s out, does not harmonise with the assumption 
tliat this instrument was constructed by one of the 
Jnnsson.s. 

It is strictly a compound microscope, and the dis- 
tance betAveen the lenses can be regulated by two 
draw-tubes. Thei-e are three diaphragms,' and the eye- 
lens lies in a wood cell, and is held there by a wdre i-ing 
sprung in. The object -lens, is loose in the actual 
insti'uineut, but was oi'iginallv fixe<l in a similar wav 
to h. 

It cannot be an easy task— if it be even .a po.-^- 
sible f)ne — to definitely determine upon the actual indi- 
' Jansspii's ’ 'idual or individuals by whom the compound micro- 
conipounti scO])e Was first invented. Recently some valuable 
adduced claiming its sole invention 
for (bdilco. In a. memoir published in 1888^ Professor 
<T, (lovi, who has made the question a subject of large and continuous 
re.search, certainly adduces evidence of a kind not easily waived. 

Huygheus and, following him, many others a.s,sign the invention 
of the compound microscope to Cornelius Drebbel, a Dutchman, in 
the year 16*21 ; but it has been suggested that he derived his know- 
edge from Zacharias Janssen or his father, Hans Jans.sen, spectacle 
makers, in Holland about the year 1590; while Fontana, a \ea- 
polit:ni, claimed tlie di.scoveiy for himself in 1618. It is .said that 
the Jaus.sens presented tlie fiVst microscope to Charles Albert, Arch- 
duke of Austria ; and Sir D. Brewster states, in his ‘Treatise on the 
Microscope,' Hat one of their microscopes which they presented to 
Prince ^faurice was in 1617 in the possession of Cornelius Drelihel 
tlien mathematician to the Court of Jame.s I., where ‘he made 
microscopes and passed them off as his own invention.’ 

• iHmi. an Italian mathematician, 

in fiis ‘Life of Calileo.’ that ‘this gi'cat man was led to the discnvevv 
ot tlie microscope from that of the telescope,’ and that ‘in 161^^ he 
sent one to Bigismund. King of Poland,’ 

Me now receive evidence througli the reseairhes of Covi that 
the mvention was solely due to Caliioo in the. year 1610. Professor 
<^ovi understands by ‘simple microscope ’ an instrument ‘ consisting 
o a Sing e lens or mirror, and Vw ‘ compound microscope’ one ‘con- 

in-lan/ f ‘ ii- series ii. ‘ II laieroscopio composto 

niveiitato da (.Tiihleo, Journ, B.M.S. Pt, IV, t8S9, p. 574. ^ * 
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sitting of «cvev!il lenses or a suitable eombiuation of lenses and 
mirrors.’ 

in a painpblet publislied in 1881, treating of the invention of 
the binocular telescope, Govi pointed out that Chorez, a spectacle 
maker, in 1525, used the Dutch telescope as a microscope, and stated 
that with it ‘ a niite_ appeared as large as a pea ; so that one t!;ui 
distinguish its head, its feet, and its hair- n tliijjg which seemed in- 
credible to many until they witnessed it with admiration.’ 

To this quotation he added 

‘Thi.s transformation of the telescope into a microscope (or, as 
opticians in our own day would say, into a Hriicke lens) was not an 
invention of tlie French optician. Galileo had accomplished it in the 
year 1610, and had announced it to the learned by one of his pupils, 
John Wodderborn, a Sjcotcbman, in a work which the latter had 
just, published against the mad “ Peregi-inazione of Hoi-kv. Here 
are the exact words of Wodderborn (p. 7) : — 

'Ego nunc admirabilis huius perspiciiu perfe^-tiones explanare 
no conabor : sensus ipse index cst integerrimus circa obiectum pro- 
prium. Quid quod eminus mille passus ct ultra .cum neque videre 
iudicares obiectum, adhibito pevspicillo, stati]ii certo cog]m.sca.s, esse 
liune Socratem Sophronici filiuiu venientem, sed tempos nos <locebit 
ct quotidianm nouarum rerum detcctiones (juani cgi'cgie ])erspicilliu'n 
suo fuugatur munere, nain in hoc tota omnis instrumenti sita est 
pulchritudo. 

‘ Andiiieram, paucis ante diebus autliorem ipsum Excellentissimo 
I ). Cremonino piurpurato philosoplio varia narrautem sedtu dignissima 
et inter cietera quomodo ille minimorum animantium organa motiis, 
ct sensus ex perspicillo ad vnguem distingnat ; in particulari autent 
<le qiiodam insccto quod utrumque habet oculum memlirajia erassius- 
cuk vestituni, ijiue tamen septe foraminibus ad instar larva* ferrem 
1 nilitis cata phract i terebrata , via m prMiet speeicl )us visibilium. Eii 
tibi [so says Wodderborn to Horkv] nouum avgumentum. quod per- 
>^picillmn per concentration em vadiorum mnltiplieet obiectfi ; sed 
:»mli prills quill tibi dicturus sum : in ca-teris animalilms eiusdem 
iiiagmtmhras, vel minoris, quorum etiam aliijua splendidiores liabent 
K-uios, gemim taiitum apparent cum suis supcrciliis aliisque nartilnis 
innexis. ^ ^ 


To this Govi adds 

M have wished to quote this passage of AVodderborn textuallv, 
’O that the honour of liaving been the first to obtain from the Dntcli 
elescope a cmnjwiml microscope should remain with Galileo, which 
he atter called occhkdmo, and that the glorv of Ian ing reduced the 
im u r' micro.scoi.e (in 1621) should rest with 

leOOeJ Hic apologists of tile Tuscan j iliilosopher. bv attributinir 
o Limtlm invention of tlie. microscope without specifying with what 

mcroscope they were dealing, Drel.bcl (Ta merit which 

wvl y !)clongs to him; but the defenders of 1 hvbbel would act un- 
J ?.>tJy ai depriving Galileo of a discovery which incontestably was his.’ 

I tuni now to Wodderborii’s account, published in 1610 the 
'kte_ of the dedication to Henry Wotton, English Ambassador at 
Vmiice, IS October 16, 1610), which reads rims •- 
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‘ I will not now attempt to explain all the perfections of this 
won<lorfnl ocdmk ; our sense alone is a sjife judge of the things 
winch concern it. But what more can I Siiy of it than that by 
pointing a glass to an object more than a thousiuid paces off, which 
does not even seem alive, you immediately recognise it to he 
SfX'ratcs, sou of Sophronicus, who is approaching ? But time and 
the dailv discov('ries of new things will teach us how admirably the 
glass does its work, for in that alone lies all the beauty of that 
iiistrumeut. 

‘ I heard a few days l)ack the author himself (Galileo) narrate to 
the Most Excellent Signor Oremonius various things most desirable 
to be known, anrl ajnungst others in what maunei- he perfectly dis- 
lilnguishes with his telescope the organs of motion and of the senses 
in the smaller animals ; and especially in a ceitain insect which hits 
each eye covered by a lather thick membrane, which, however, per- 
(brated with seven holes, like the visor of a warrior, allows it sight. 
Here liast thou a new })roof that the glas.s concentrating its rays 
enlarges the object; but mind what I am about to tell thee, viz. in 
the othci“ animals of the same size and even smaller, some of which 
have uevei'thelcss brighter eyes, tlrese appear only double with their 
eyebrows and the other adjacent parts.’ 

After i-eading this document Gnvi judges that it is iiu{x)ssible to 
refuse Galileo the I’redit of the invention of a compo^md mioroscop^' 
in 1610, and the application of it to examine some very minute 
animals ; and if he himself neither then nor for many years after- 
made airy mention of it publicly, this cannot take away from him or 
diminish the merit of the invention. 

It is not to he believed, hower er, llrat Galileo after these fii'st 
experiments (prite forgot the mici'osc'ope, for in pi-eparing the 
‘Saggiatore’ between the end of 1619 and the middle of October, 
162 2, he spoke thus to Lotario Sarsi Segensano (anagi-am of Oi-atio 
Grassi Salonense) : 

‘ I might tell Sarsi .something new if anything new could be told 
liim. Let him take any substance whatever, be it stone, or wood, 
or metal, and liolding it in the siiir examine it attentively and he 
will see all the colours distributed in the most minute par-tides, and 
if he will make use of a telescope avrangetl .so tlrat one can see very 
near objects, he will .secr far- more distinctly what I siiy.’ ’ 

It will not therefoi-e Ire surprising if, in 1624 (according to 
some lettei-.s fi-oin Horne, wu-itten by Girolamo Aleandr-o to the 
famous M. de Peiresc), trvo microscopes ofKulUer, or- rather Dreblrel, 
h:i%urrg been sent to the Cardinal of S. Susiiiina, who at first did irot 
know how to use tliern, they were shown to Galileo, wdro w’as their 
in Romo, and lie. as soon as he saw' them, explained their use, as 
Aleandi-o writes to Peiresc on May 24, udiling, ‘ Galileo told me 
that he had invented an occhude which magnifies things as much 
as oOjOOO times, so that one .secs a fly as large as a hen.’ 

This assertion of Galileo, that lie had invented a telescope which 
magiiified 50,000 times, .so that a fly appears as big as a hen, 
must, without doubt, be i-efeiTed to the year 1610, and fi-orn the 
measure given of the amplification by the solidify or- volume the 
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liijear aiiipHfication (as it is usually expresse<l now) would have 
been equal to something less than the eubic root of ">(.),()( )()— that is, 
about 36— -and that is j)i'etty fairly the relative si/.e of a fly ami 
a hen. 

A lea 11 lire’s letter of 3Iay 24 (1624) does not state at what time 
( hdileo saw the telescope and explained the use of it, hut another 
letter of Faber's to Cesi, amongst the nutogiaph letters in the 
possession of Ih B. Kojicompagni, says (3lay 11): 'I was yesterday 
evening at the house of our Signor (Salileo, wlio lives near the 
yiadaleiin; he gave the Cardiiial di Zoller a magnificent eye-glass 
for tiie T>uke of Bavaria. I .saw a fly which Signor (Jalileo him- 
self showed me. I was astounded, and told Signor (lalileo that he 
was another creator, in that he slmws things that until now we 
(litl not know' had heen created.' So that even on May 10, 1624, 
(Jalileohad not only seen the telesc'ope of Drebbel, and explained 
the use of it, but had made fine himself and sent it to tlie J.)uke of 
Bavaria. 

We lack documents to show iiow' this microscope of Galileo was 
made, that is, whether it had two convergent lenses like those of 
Drelihel. A letter of Peiresc of March 3, 1624, savs tliat ‘the 
effect of the glass is to sliow' the object upside down . . . and so 
that the real natural motion of the animalcule, which, for exanqde, 
goes from east to west, seems to go contrariwise, that is, from west 
to east,’ or whether it was not rather composed of a convex and a. 
concave lens, like that made eaidier by him, and used in 1610, and 
then almost foi'gotten foi' foui'toeu yeai-s. 

It is, however, very probable that this last was the one in 
(question, for Peiresc, answering Aloandro on July 1, 1624, wrote : — 
' But the occkiah mentioned by Signor Galileo, which makes flies 
like hens, is of hi.s own invention, of which he made also a co})y 
for Archduke Albert of pious memory, wdiich used to l>e placed on 
the ground, wdierc a fly w'ould he seen the size of a hen, a]id the 
iiLstrimient w'as of no greater height tJiari an ordiuai'v dining-room 
table.’ Which description answers far belter to a Dutch tele- 
scope used as a microscope, in the same w'av exactly as Galileo 
had u.sed it, I'ather than to a niicrosc'ope with two convex 
lenses. 

One cannot find any fuither paiticulavs coneei'ning Galileo’s 
occltmlinl (so he had chri.stened them in the year 1624), either in 
Bartholomew Jmperiali’s letter of September 5, 1624, in wliich he 
thanks Galileo for having giv^ui him one in parfed. or in 

that of Galileo to Cesi of September 23, 1624, accompanying the 
gdft. of an occhiaUno, or in Federico Cesi’s answer of October 2"(), or 
in a letter of Bartliolnvneo Baibi to Galileo of October 25, 1624, 
which speaks of the longing w'ith which Baibi is awaiting ‘the little 
occhhih of the ne\v invention,’ or in that of Galileo to Cesar Mavsili 
of December 17 in the same year, in which Galileo siys to the 
learned Bolognese ‘ that he would have sent him an occhiuUuo to 
see close the smallest things, but the instrument maker, wlio is 
making the tube, has not yet flni.shed it.' This, however, is how 
Galileo speaks of it in his letter to BAderico Ce-si, written from 



124 HISTORY AXD HEYELOniEYT OF THE MICROSCOPE 

Florence on September 2:1, 1621, more tln\n three months {\fter Ins 
<lepia'ture from Home ; — 

1 semi vonr Excelleiu-y !fn occhinlmo^ by which to isee close th(? 
smallest things, which I hope may give you no small pleasure ami 
entertainment, as it floes me. I have been long in semling it, because 
I could not perfect it lieforc, having experienced some difliculty in 
tinding the way of cutting the gl a sse.s perfectly. Tim o})joct mu.st 
be placed on tlie niovabh^ circle which is at the base, and moved to 
see it all- for that which one sees at one look is but a small part. 
And because the distanc'e between the lens and the object ijuist be 
mo.st exact, in looking at cjbjects which have relief oik; must he able 
to nufve the glass nearer or further, according as one is looking at 
tins or that part ; therefore the little tube is made movable on its stand 
or guide, as we may wish to call it. Tt must also be imed in very- 
bright. clear weather, or even in the .sun itself, reniembering that the 
oliject must be sufficiently illuminated. I have contemplated very 
maiiv animals with infinite admiration, amongst which the lieu, is 
most hori‘ibIe, the gnat and the moth the mo.st bean ti fid ; and it was 
with great s;itisfactian tlmt 1 have seen how flies and other little 
auimabs manage to walk sticking to the glass and oven feet upwards. 
But your Excellency will have the opportunity of observing thouSiunls 
;md thousands of other details of the ino.si curious kind, of uhieh 1 
beg yon to give me account, in fact, one may contenijilate endlessly 
llie greatne.ss of IS'ature, and bow subtilely she works, and with what 
uus})eakablo diligencfv The little tube is in two piece,s, and 

you ma\i lengthen it or shorten it at pleji.sure,’ 

It wouhl 1)0 wry strange, knowing (lalileo’s character, that in 
]{i2T, and aftei’ tlu; attacks made on him for having perhaps a little 
too much allowed the Dutch telescope to be considered his invention, 
be simuhl have been induced to imitate Drebbel’.s glass ivitb tlm two 
convex len.ses, andhave uished tomake them pass ashisowninvention, 
whilst lie Imd always used, and continued to use to the end of iiis days, 
telescopes with a convex and a concave lens without .show'ing that 
he had read or in the lea.st appreciated the ja'opo.sal made by Kepler, 
ever since 101 1 , to use tu'o convex glasses iu order to have telescojies 
with a targe field and more powerful ami convenient. 

In anv case it is impossible to form a decifled opinion on such a 
matter, the data failing ; but the very fact that from 1624 on wants 
(hdil CO thought no more of the occhiaUiK^ (pi'ohfdily because liefoum) 
it less powerful and less useful tlian the (jcchiak of Drehbel), as he 
had not occupicil himself with it or had scarcely remeiidiered it from 
the year 1610 to 1 624, .semn.s sufficient to .shou' tlmt tlm ocMm/bK/. 
like the microscope of 1010, was a small Dutch telesco]M‘ with two 
lenses, one convex and one concave, ami not a reduced Keplerian 
telc.<*ope like that invented hv Drebbel in 1621. 

The iinme of microscope, like that of tele.scope, originated witli 
the Acadejuy of the Lincei. and it was (liovauni Falier who invented 
it, as sliown by a letter of his to Cesi, written April 13, 1625, and 
which is amongst the Lincei letters in tlie possession of D. B. Bom 
compagiii. Here is tile pas,sige in Falier's lettei- 
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voii will glanct^ only at what I have wi-itteii (‘oiieei'niiig the new in- 
'■ .ntiou^i^of Signor Galileo; if I have not, put in everything, or if 
•unthin''' ought to he left un.^fii(l, do as best you think. As I also 
uieutioi* hi.s new occhiaU to look at small things and call it inicro- 
<(‘ 01 )e. let your Exeelhiney see if you would like to add tliat, as tiie 
j.veeiun givw to the first the name of telescope, so tliey have wished 
ro 'dve jrconvenient name to this also, and rightly so, because they 
.(i-tf the first in Rome who had one. As soon as Signor Rikio’s 
i>pi<vi-ani is finislied, it may be printed the next day ; in the mean- 
while I will get oil with the rest. I humbly reverence your Excel- 

From Rome, April 13, 1(525, Your Excellency’s most 

liuiiible servant, Giovanni Fabek (Lyncco).' 

The xAlibe Rezzi, in a work of Ins on the invention of tlie micro- 
H-ope, thou gilt that he might conclude from the passjige of 
tVoddevbovu, reproduced above, that Cuilileo did not invent the com- 
pound microscope, hut gave a convenient form to tlie sim}de micro- 
>cope, and in this way ns good as invented it, for the Latin word used 
ttv^Voddcrbo^n,y>^’v^s7u'c^7^<!7}^, 'signified at that time, it is clear,’ Kezzi 
savs. ‘no other optical instrument than spectacles oi’ the telescope, 
uever the microscope, of which there is no mention whatever in any 
hook publis] led at that time, nor in any manuscript known till then.’ 

But Rezzi was not mindful that on Octolier 16, 1610, the date 
of ^^hddel'boru's essay, the name of luicroscope had not, yet been 
iuveuted, nor that of telescope, which, accordiug to Faber, was the 
idea of Gesi, nccording to others of Giovaniii Deinmiano, of 
Ccplialonia, at the end, [lerliaps, of 1(510, lait more probably at the 
time <if Galileo's journey to Rome from March 29 to June 4, Kill. 
If, therefore, the word microscope h; id not yet been invented, and 
if tlie telescope, or the occhiah us it vas tlien called, was bv all 
uaiiicd p(u'Spldlluw , one cannot see wliy W odderborif s pcrspic'dlaM 
cannot have been a c<tir]u)c(:hiak. (telescope) smaller than the usual 
ouos. so that it could easily be used to look at near objects, Init yet 
a canitoccliiah n ith two lenses, one convex and one cimcave, like the 
othei-s. mid, therefore, a real compoiUHl microscope, although not 
mentioned by that name either liy M’oddeihovii or others. And. 
iM'sides that, iiow could it lie that Wodderborn iieginning to treat 
■ admivahiUs hiiius perspicilli,’ that is, of the telescope in the fir.st 
line, should then have called perspicilhnn a single lens in tlu^ eleventh 
line of the same jiage ? Rezzi's mistake is easily ex})]aiiied. remem- 
heriiig tliat he had not under his eyes AVodder kirn’s es.say. hut only 
knew a brief extract reported liy Venturi. 

It thus appears as iii the highest degree probable that Galileo, 
in 1610, was the inventor of the (’om pound microscope; it was 
sulisetpieiitly invented, or introduced, and zealously adoptcil in 
Holland; and when Dutch invention peuetratc<l into Italy in 1624 
(hdileo attempted a veclamatlou of lus invention (which was undoubt- 
edly (fistinct from that of Drebliel): lait as these were not warmly 
seconded and vesjioiuled to abroad lie allowed tlie wliole thing to 
jtass. Ni'vevtiicless the facts (uivi gives are as iuteiestiiig as thev 
are important. 

In regard to the di.scovery of the simple lens Kovi |xiiiits out 
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that after the year 1000, minds having i'eo|)ened to hope and in- 
tellects to stinly, there began to dawn some ligiit of science, so that 
in 1276 a Frariciscjin monk, Roger Bacon, of llchester, in liis ‘Opus 
Alajus,’ <ledicated and presentetl by him to Clement IV., could show 
maiiv marvellous things, and amongst these the efficacy of cr}fM 
lenses, in order to show things larger, and in this wise he says make 
of them ‘ an instrument useful to old men and those whose sight is 
weakened, avIio in such a way will V)e able to see the letters snf- 
ficientlv enlarged, however small they are.’ As long as no d(x;uiiients 
antei'ior to him are discovered, Roger Bacon may be considered the 
first inventor of convergent lenses, and therefore of the simple mio’o- 
however small tlie enlargement by his lenses may have been. 

As, however, that man of rare genius, the initiator of experi- 
mental physics, had brought on himself the 
hatred of his contemporaries, they kept him 
for many years in prison, then shut him up 
in a convent of his order to the end of his 
long life of nearly eighty years. His writings 
had to he hidden, at least those treating on 
natural .science, to save them from destruc- 
tion, and so the invention of lenses, or tlu* 
knowledge of theii' u.se to enlarge images and 
to alleviate the infirmities of sight, remained 
\inknown oi‘ foi’gotten in the pages of the 
famous ‘ Opus Majns,’ which only came to 
light in 1733 hy the care of Samuel Jebb, a 
learned English doctor. 

A Florentine, by name Sal vino degli 
Armati, at the end of the thirteenth century 
(? 1280) (in Bacon’s lifetime), had therefore 
the glory of inventing .spectacles, and it was 
a monk of Pisa, Alexander Spina, who sml- 
denly charitably divulged the secret of their 
construction and use. 

F,g, 91.-D«.irtes' Rimpk Fei'linps Salvino ilegli Annnti pnd S|)in;i 
microscope With reflector really discovered more than Roger Bacon had 
discovered ; that is, they fouivl out tlie use 
of convei'ging lenses for long-sighted people, and of divergii\g lenses 
for short sight, whilst the English monk had only spoken of the 
lenses for long sight, and perhaps they added to this first inven- 
tion the capability of varying the focal lengths of the lenses accord- 
ing to need, and tlie other of fixing them on to tlie visor of a cap to 
keep them /irm in i'rout of tJie eyes, or to tasleii fliem into two 
CYVctes made of iivetal, ov of bowe pined \>\ a s\\\all eiv^stic’ bridge 
over tbe nose. Alowevev it ^uay i^e, t\\e discoveiy of spectacies, ov, 
as it may be called, of the s’mple vucroscope, may be e((ually <lividefl 
bet wen Roger Bucou and HaJvino degU A inia ti, /eavdng especiahy to 
the hitter the hiienfion of specta^des. 

The efU'hest know/i illustration of a simple niim'oscope is 
by Descartes in Iiis ‘ Dioptrique ’ in 1637 ; fig. 91 repnaluces it. it 
is practically identical with one dexised liy Lieheikiilm a century 
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iter fP slwwn on p. 139, A lens is mounted in a central aperture 
^ ■( nolished concave metal reflector. l>escartes apparently devi.sed 
^uotlier and much more pretentious instniment, but it appears im- 
' practicable anrl couirl never 

have existed save as a sugges- 
tion. But he appears to have 
l)een the fir.st to pulflish figui-es 
and descriptions lor grinding 
and polishing lenses. 

Tn the Miiseo di Fisica there 




tiG. 93. — t anipani Biinaoecope {IGtOi? 

are two small iiiicroscopes whicli 
it is affirmed have lieen handetl 
down from generation to geiie- 
j’ation sijice the d/sstitution of 
the Accademia <lel Ciineuto in 
\b67, with the tradition of 

^ having been constructed by 

Lampani or later. ^ m i 

(lalileo, iliey are shown in 

fig. 92, hat li'om the superiority of <*onstruc(ioii of these instru- 
ments it is very improhalde that they lielong to the days of Galileo, 
who died in 1642; and there is a specially interesting coni]xnnid 


IJE 
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iiiicrosco])ef by Gmse])pe Oiimpani, wliieh was published first in 1686, 
which is presented in fig. 93 ; its close similarity to ' Galileo iiiicro' 
sc'Opes’ is plainly apparent, making it still more improbable that 
these conlfl be given a. date prior to 1642. 

In a iouriial of the travels of M. do Moneonys, published in 
1665, there is a description of liis inicrosoojie which is of much 
interest. He states tliat the di.stance from the object to the first 
lens is one inch and a half; the focus of the first lens is one inch ; 
tlie distance from the first lens to the second is fifteen 
inches ; the focus of the second lens, one inch and a half; 
distance from the second to the third, one inch and 
eight lines ; the focus of the third lens, one inch and \ 

eight lines ; and the distance from the eye to the third 
lens, eight lines. 

This would form tlie data of a practical 
pound microscope with a field lens ; and as Mon 
cony.s had this instrument made in 1660 by the 
‘ .son-in-law of Yiseliii.s/ it becomes prohahh in a 
rcr/y high degree that to hi in rnoM he attributed 
the earlksi device of a uiicroscope u'ith a afield 
lens. 

In l()6o Hooke })ublislied Ins ‘Micro 
grapliia,’ giving an acc{.)uiit and a li g nr e of 
his coinpoimd microscope, lie adopted 
tt\e field-lens employed liy Moneonys and 
gives details as to the mode and olfiect 
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its employment, which ai'O at once interesting }»ml instnu-- 
five ; for they show quite clearly that it was not employed l>y liinj 
to correct tlie spherical aljerratiou of the 
(•ve4ens, but merely to increase the size of 
tile field of view. He tells us that ho tised 
if • only when he had occasion to see miicli 
of ail object at once. , . . But whenever 
I had occasion to examine tlie small parts 
of a body more accuratidy I took out the 
liiiddle glass (field-lens) and only made use 
of one eye-glass with the object-glass.’ 

Fig, 94: is a reproduction of the original 
ilruwiug, and the general design appears 
to be claimed by Ilooke. There is a ball- ' 

;md-socket movement to the body, of 
which lie writes ; ‘ On the end of this arm 
(1), which slides on the pillar 0 C) was 
a small ball fitted into a kind of socket 
F. made in the side of the brass ring 0, 
through which the small end of the tulx' 
was screwed, hv means of which contri- 
vance [ could place and fix the tulie in 
whatsoever [losture T desired (which for 
many observations was exceedingly neces- 
sary), and adjusted it most exactly to any 
object.’ 

It need hardly be I'einarked tliat, useful 
as the Vialhaud-socket joint is for many 
jmv|.ioses in luicroscnpy, it is not advan- 
tageously employed in this instrument. 

Hooke devised the powerful illuminat- 
ing arrangement seen in the figure, and 
employed a shige foi‘ objects based on a 
practical knowledge of what was required. 

He descvilieil a useful method of estimat- 
ing magnifying power, and was an in- 
dustrious, wide, and thorougidy practical 
obseiaer. But he worked without a 
iiiiiTor, and the screw -focussing arrange- 
ment seen in the drawing must have been 
as troublesome as it was faulty. But as a 
niicroscopist, Hooke gaineil a European 
fame, and gave a powerful stimulus to 
niicrosc(.)py in England, 

Tu 1668 a description was published 
in the ‘ ( liornale dei Letterati ’ of a com- 
pound microscope by Eustachio Divini, 
which Fabri had previously commendeil. 

It was stated to Ije alx>ut 16^ inches 

Mgl^ aiKl ailjnstablo to four diffei'ent Fto.!i5,-Divii-.i's«mi,o«n,l 
lengths by draw-tubes, giving a range of microscope {lets). 
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11 fA 1 ii’-i ill ■'ii'iiptt'rji of iisuftl l)i" 

^nse. .ppUed with theiv 
<.,„nex .sni'focs'ii. foutact, l.y which he oliumed to ohtani a iimeli 
tl iftfv field IMr. Mavjill found in the Museo Copernicano at Home 
luicroseope an^<wering elossely to this description that he does 
not liesitate to refer its origin to Divini, He made the sketch of 

f.-i\ citi 111 -fifif 



Hut the optical (-on- 
st ruction had been 
tampered with ioid 
could not he esti- 
mated. 

Cheruhin d'Orleans 
published, in 1671, a 
treatise containing a. 
design for a - miei'o- 
scope, of whieli fig. 
06 is an illush-ation. 
The scrolls were of 
ei:>uny, firmly at- 
tached to the l>aso 
and to the collar 
encircling the fixed 
centi'al ].KU'tion of the 
hody^tulie. An ex- 
terior sliding tube 
carried the eye- piece 
above on the fixed 
tube, and a similar 
sliding tnb(5 carrioil 
tlie object-lens hehnv, 
these sliding tubes 
sei'ving to focus the 
image and regulate 
(withi n cevtainlimits) 
the magnification. 
He also suggested a 
screw arrangement 
to be applied beneath 
the stage for focus- 
sing, He devised, or 
recommended, seve- 
ral combinations of 


V'm.MG. — Clritubm d’Oileaus’ compomiT microscoY'^ lenses for the optical 

part of the mievo- 

scope, and refers to comlfinations of three or four separate lenses, 
by which objects could bo seen erect, which he considered ‘ much to 
he ])referred.' 

He ako invented a binocular form of microscope and publislied 
it in hk work, ‘La Vision Parfaite,’ in 1677, It consisted of two 
compound microscopes joined together in one setting, so as to be 
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)licab]e to both eyes at once; a segment of each objeet-lens 
UiuDOsed to be of one-incli focus) was gi'uund away to allow tbe 
.^iuvei-'<Tent axes starting from the two eyes to meet at aliout 16 
distance at the common focus. Mechanism was provided for 
Iv'mlating the width of the axes to correspond with the observer's eyes. 



F\g. 97 j showing tbe optical constrwctionj is copied from the 
original diagi'am La Yision Pavfaite,’ tai). i. hg. p. Accord- 
ing to the arrangement of the lenses as shown in tiie figure a pseudo- 
stereoscopic image would have been obtained, 

A draw'ing of this hmoeul.iVj as known to Zahn, was given in 
the first edition of his ‘ Oiadus Artificialis ’ in 1685 (buntlainen TTF. 
p. 233), and is reproduced in fig, 98. 
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Iti Uj 72 Sir >^‘wton eaiiiimniieated to the . Royal Society 
, nf>tc an.raiagraiii for a retlpcting microscope; we laive however, 
no(‘vi(leucethatit vas ever constructed. But in Leeuwen- 

Imck he<^au to send to the Rova 1 Society his microscopical discoveries. 
Xotldm'^was known of the construction of his instriiinents, except 
that thcN' were .simple microscopes, even down to so late a i>enod as 
1709 We know, however, that his miernset^pes were inechani(*ally 
rouiii, and that optically tliey consisted of simple bi-couvex lenses, 
with w(u koil surfaces mounted between two plates of thin metal 
witli minute apertures through which the objects were directly seen. 
At lii.s dentil Leeln^■enlloek betjuealhed a cabinet of twenty-six of his 
microscoiies to the Royal Society ; unhappily, they have luy.sterioiisly 

disappeared. But Mr. Mav- 

f all ^c:is enahleil to figure one 
lodged in the museum of the 
Utrecht University, which is 
given in figs. 99 and 100 in 
i’ull size. The lens is seen in 
the upper third of the plate. 
It lias a :|-inch flxars. Tlu‘ 

he^ n^ 

But some iiigenious arrange- 

siuiple microscopies deviseil 
^ ("a;, mil, liy Musscheubroek in tlie 

Lfeuwriihoek’s iiiicroscopo (mTiji. earlv vears of tlu" eigliteentb 

centurv. 


Briudl figured a microscopie in his ‘ Mierograpliia Xova ’ in 
lfi87, in which optical mollifications arise, Divini had, as was 
stato<l, combined two plano-convex lenses, with their convex surfaces 
facing, to form an eye-piece ; this idea was carried further in IfifiH 
by a London opiticiau, who used two pairs of these lenses; (Irindl 
did this also, hut in addition he used two similar (but si nailer) hmses 
in the same manner as an objective. The foi'ui of the mim'oscopie 
itself was cojiieil from that of Chchubiu iVOrlcans (fig. 97). but was 
modified liy the application of an external screw. 

In Ififil Bonannus modified pireccding arrangements by devising 
a. uieaiis of clipping the object between two plates piressed away from 
the ohjcet-lens by a spiral spring, the focussing being then effected 
by a ‘ screw-barrel.’ 




FiO. 10 ].— ]ioiKUinu>^'s liorix.outiil coniiHjUiul microscope (1(501). 
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Tl.is sYstcin (,f fnonssing was employe,! n; a more pyactioal form 
bv ILa tK^ker in Hi»-1 ami was adopted by W ilsou m 170.. It 
tecame a very popular form for tlie iiiKU-o.scope in the eighteenth 


**'" We are indebted to Bonaniius alst) for originating a horizontal 
form of microscope, wliicli is interesting and which, in a drawing of 
tlic iiistniment, is shown to possess a sub-stage compouwl condenm‘ 
fitted irith /oci'ssing armnyements for illamimtlng tramparent 
ohjeds. Tliere was great conveiiienee in using tlie microscope in n 
Iioi izi.ntiil position witli a lamp ami comlenser in the same axis, 
es[>ecially as all the comptnuid microscopes previously coiistructeil 
IuhI l>een emploved \'er tic: illy, or had been directed towards the sky 
for purposes of 'illumination. Kemai kahly crude a.s the inechanisin 
:i[)pears. it is :i very early instance of the use of wliat has hecome— 
thougli slowlv and late on the continent— a now universally acknow- 



Fifi. 1(12.— Hiirtsoeker's microscope (1694). 


ledged optical arnuigement indis[)eusahle for the best I'esults, viz. a 
compound comlenser fitted with focussing iiiechanisni for illiuninating 
transparent objects. The picture of the entire iiistrunient is shown 
in %. 101 . 

Ill Hnrtsoeker’s microscoiie ‘the lens-carrier A B, fig. 102 (on 
^^hi(‘]l the cell P, containing f lie. lens, is screwed), screws into the 
hofty (_> 0, Dat 0 Q ; the thin lirass jdates E ami F fit witliin the 
liody, tlie portions cut out allowing them to slide on the short pillars 
() (n aiid Q 1), and tlie spiral spring pressing them towards C I) : 
the ohjwt-.slides, or an aniinalculo cage (d H (liinged at a h to allow 
die lid (i to fit into II, ciiclo.sing the objects between stri[>s of talc), 
slide l>et ween the plates E ami F ivhen in position, and the “ screw- 
hanel T K fits into tlie siTew-socket 0 I) and regulates the focus- 
sing, a condensing lens, X, fits, on a second “ .screw -liarrel,” L M. 
wlucli is applied in the screw-socket of 1 K. Tins arrangement oi 
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the coiKlenser is better than the plan ado])tedby Wilson, as it allows 
the illumination to be foenssed on the object indepeudei\tly of the 
fi'cal adjustment of the object to the magnifying lens ; whereas in 
\Vilsoii’s mici’oscope, the condenser V^eiiig mounted in IK, with<*ut 
ficility of adjustment, remained at a fixed distance from the ohjec^t, 
•ind hence the Cf)ntrol of the illumination was very limited.' 

Another microscope dated 1702 is shown in fig. 108 as drawn by 
Zalm in his ‘Oculus Artificialis,’ Fig. 103 inesents a back view of 
it and shows an oval wooden plate ; on the otlter side of this is a 
similar plate which holds the lens 
^ in such a position that it is opjs)- 

site the aperture A. Between the 
two plates til ere is a rotary multiple 
object liolder shown in fig. 1()3 a 31 
N, the object lieiiig inserted In tlie 
aperture.s in the circumference of 
the disc. Focussing is accomplished 


Fni. loa , 170 ‘i'. Fm. 1u8a ilUSt)!. 

Iw means of the milled head 15 which is attached to a screw regulating 
tlie distance between the two plates, one (^f which carries the lens, 
the other the rotarv object liolder, Tlie })oint worthy of note in 
this instrument is the rotating wheel of graduated diaphragms 
A. 0, I), E, placed on the si<le away from the lens. This is the first 
iiistauce of a useful appliance surviving in juir present micToscopes. 

Tn llaiTis's * Lexicon Techniciim ' (1704, 2 vols. fob), under the 
wor<l microscojie, 3Iarshall's eoinpolind microscojie (fig. 104) is 
described and figured. SeA'cral important innovations in miiTO- 
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■ 1 ,v„.stvi„-tion were liere enibnitied (1) A fine-fuijiistment 
eroiiicMl , t,,p slicing socket E, supiiortmg the arm 

uZ is so.rewe,l ; the focussing couhl thus be 

cc utrollcl in >. far more efl'ective manner than by any system pro- 
, V ..nolicil to ii laree microscope. The previous systems involved 
'>«''vt‘>be either byr„tating in a serew- 
socket (as ill Hooke’.s) or by sUdiiig in a cyhmlrical socket (as in 
Diviui’saiia Clieriil.iiis): in a few instances the object was moved 



Fni. 10<).— M. Jolflot’s micvoscope (ITIH], 


ill relation to the oliject-lens, ljut all these plans were nua-e oi” less 
defective, especially with microscopes of large diuiensioiis. Ma rsliall’s 
system was a distinct mechanical improvement, f(jr the ohject could 
now he viewed during the actual process of focussing, as the image 
wonhl remain steadily in the field. (2) A furk, X X, is liere applied 
with a thumh-screw cLini]), 0, on the jiillar itself. (3) Hooke’s }>;dl- 
aiid-socket joint, which was applied to the arm I, is here shifted to 
the lower end of the pillar, where it would give the movements of 
inclinatinn to the whole microscope instead of to the hody- tube only, 
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Fiti, 107 , -Lieberkiihn’ii microscope fl739). 


as ill Hooke's ; the bill L could be tightly cbuiped by the sciew 
,.[)ll;ii- M, in which slots were cut to give spring. (4) A coisdensing 
lens on jointed arms appears ; this probably was the first application 
(if such adjustments to the con- 
denser. From the singuLu* posi- 

lion of the candle beneath the ^ "" ' 

condenser, we may infer, without 
doubt, that the mirror was still 
unknown as a microsctopical ac- 
ccssoiy in England. 

In Gict, ill no microscope up 
t() this time has there l>een any 
1 race of, or reference to, a luiiTor ; 
hut in 1716 Hertel euijiloyed it and introduced some other consider- 
able modifications. The general appearance of the instrument as 
originally figured by Hertel is given in fig. 105. Kot only have we 
the miiror below the stage, but also above 
tlie stage a conceive metal mirror reflecting 
light, through a condenser on the object, 
while the stage has focussing movement by 
the right-hand ornamental Mjutterily' nut, 
and is capable of movement to ami from tlie 
pillar by the middle nut, and also of rotary 
movement by the left-hand nut. These two 
last movements form what is now known as 
a ‘ mechanical staged The body-tube is 
hinged and is inclined by a screw-sector 
meebanism. A distinct advance on the simple 
microscopes which had preceded it was made 
hv one devised by ]\I. Joblot, and illustrated 
inlig. lOfi. Tlie ornamental plate holds the 
lens, the locus Vieiiig adjusted by the nut and 
screw ; tlie }flate iie.vt to the nru a mental one 
is a concentric rotaiy stage, of good mechanical 
(juality. The tube A was called by Jobh t 
‘the Canon,’ and was lined with black cloth 
(tr velvet, and has a diajjhiagm at eacli eml. 

These diaphragms ai'O movalde, which was 
practically a. considerable 0 ])tical l)enefit. 

Ill 1738 l)r. \. Lieberkiilm devised, 
what had been employed in principle 1 y 
Descartes a century before.^ the iustrument 
tliat has ever since been known by his name, 
and whichis still of considerable value to the 
iiiici'oscopist, Fig. 107 is a reproduction 
from the earliest drawing known of liiehei'- 
kiihn’s micvoscojie. A A is a concave mirror Scarlet's microi 
of silver ; from its form the light is reflected 
iroiii it to a focus on tlie object C. The mirror is pierced in the 
I'cntre at 13, ami the lens, or object-glass, is inserted and adjusted. 

‘ See pp. l'2()-7. 



Fifi. Ills— C'ulpeper and 
uope (ITUS'. 
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the eve heinir i>bioeil behind in tlie direetion 1) nt uny point the 
dierle lens o? a combination might require. ^ 

\'nh)e)>er and Scarlet’s microscope requires a note, and is lUus- 
tfited in^ 108. It ^^as inappropriately designated aA reflecting ’ 
inioroscoperinit this arose merely from the fact that it was the first 
Eirdish model which employed an illuminating mirror. It was, 
liowei er, a din[)lric, not a catoptric in.strimient, and is figured in 
Dr. Smith's • (>ptieks,M 738. , > . . 

‘A Po<*ket lleflecting Microscope was figured by Benjamin 
Msrtin in his • Alicrographia Nova ’ in 1742, having the interesting 
feature of a micrometer eyeqiiece depending on a serow with a certain 
iiiimhei' of threads to the inch, and by uhicli accurate measurements 
nmld he takmi. It was called a rejiectimj microscope liecause it had 
:i mirror fitted into its cylindrical base ; hut it was, in reality, a 
ccinpoiind retVaotiug form', and appears to have a good claim to have 
been the original from whence the 
modern ‘ dnuii ’ mici‘oscope.s were 
taken. 

Wilson <levised a simjile 
■ sci'cw-barrel ’ microscope ini 702, 
and Baker desiu’ibes and figures 
in 1742 tlie Wilson mo<lel 
iiioiiiited on a scroll standard ami 
with a mirror inoniited on the V>ase 
in a line witli the optic axis. Fig. 
109 re])rodnces the drawing of 
.Adams. 

But Martin originated a large 
number of improveiiients botli in 
the opticid arrangements and tlie 
mechanism of the microscopiq and 
was an excellent maker. He ap- 
[)lied rack-and'piiiioii focussing ad- 
justments, to tlic compound inicro- 
FI... lua. -w.lsor/s simple uiim>scop he ' added inclining ino\'e- 

(m scroll standard (as made bv ^ , ... , 

AcUtas, 174IJ). “ ments to the ]nllar carrying the 

stage and mii'ror, and lie furnished 
the stage with rcctangulni movements. 

It was to tliis maker that the late Professor Quekett was 
indebted for an early microscope, of whicli lie evidently to the last 
thonght liiglily, and whicli was subsequently purchased by the Rov.al 
Microscopical Society. A drawing ofthis instrument is given in fig. 
110, and should be descrilied in (Jiiekett’s own words, He siys : 

' Tt stands about two feet in lieiglit, and is siqqiorted on a ti'i]KHt 
base, A ; I he central part or stem, 1>, is of triangular figure, having 
a rack at tlie back, upon which the stage, 0, and fnime, D, support- 
ing the mirror, E, are ea}iable of being moved up or do^\'u, Tlie 

compound body, F, is three inches in diameter; it. is comjiosed of 
two tubes, the inner of which contains (lie eye-piece, and can he 
raised or ikqtressed l>y rack and pinion, so as to increase or iliminisli 
the magnifying power. .At the base of the triangular bar is a cradh* 
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■ nt which the instvumeut can he incUned by turning the 

's'l-ew-head,* H [coiinectedwith an endlef^s screw acting upon a worm* 

' lieell. I? supporting the compound laxly, is supplied 

" ith a rack and pinion, K, by which it can be moved backwards and 
t'lvwards, and a joint is placed below it, upon which the body can be 
lunied into a horizontal position ; another bar carrying a stage and 
iiiiiTor can be attiiched Ijv the screw, L X, so as to convert it into a 


liorizontal microscope, 
’['he stage, 0, is jirovided 
u itli all tlie usual appa- 
laf.us for clamping ob- 
'('Cts, and a condenser 
'(•iUi be applied to its 
under surface ; the stage 
itself may be vemo\ed, 
the arin,‘ P, supporting 
it, turned round on the 
piVot 0, and another 
.4a<je of exquisite work- 
maiisbiji placed in its 
^tead, the under surf ice 
,if which is shown at Q, 

‘ This stage is strictly 
a iiiicrometer one, hav- 
imr rectangular move* 
nients and a fine ad- 
justment, the move* 
incuts being accom- 
plished hy fine-threaded 
screws, the milled heads 
of whicli are graduated. 

'The mirror. E, is a 
double one, and can be 
I'idsed or depressed by 
rack ami pinion ; it is 
also capalde of removal, 
and an ap]iavatns for 
holding large opacpie 
objects, such as minerals, 
can be snh,stituted for it. 
The accessory instru- 
ments are verv nnmer- 



ous, and amongst the lartremavei’sulmirroscopeasnsed 


more remarkalde may by Quckett (1780', 


he mentioned a tube. 31, > , , i 

containiniT a speculum, which can take the place ot the tube, K. and so 
form a reftecting microscope. The apparatus tor liolding animalcules 
or other live olijec-ts, wliich is represented at as well as a plate ot 
glass six inches in diameter, with four concave wells gi-ound m it, 
can he aiiplied to the stage, so tliat each well may l>e hroiiglit in 
succes.sion under the magnifying power. The lenses belonging to 
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thU jnlci-o.sc<)])e :ive twenty-four iu number; they vury in focjil 
leii^^tii from four inrlies to one-tenth of an incli ; ten of them arc 
with hielx'rkiiims. A snuill arjii, capable of earryjng .single 
lenses, ran be applioa at T, and when turned over tlie stagB the iiv 
sMuiiieni hooonies a single mieroscojie ; there are ftmr lenses suitable 
for this purpose, their foral length varying from ^Vtli to :fyh of an 
inch. The perfonnanre of all the lenses is excellent, and no pains 
appear to hinu l^een spared in their construction. Tliere arc 
nunun-ous other jheces of accessory apparatus, all remarkable for the 
beaut V of their workmanship.’ ' 

BenJ. iVrartin not only in this way greatly advanced the 
itiochanical arrangements of the microst-ope, l)Ut he improved tiie 
optical part. He used a Huyghcniaii eye -piece on the telescope 
formula, where the focus of the eye-lens was that of the field-lens 
d, and the distance between them 2 ; but instead of employing a 
single eye-lens he Imoke it- up into two ofecjiial foci, that nearest the 
eve being a ‘crossed’ lens, and the other a plano-convex, the steeper 
convexities of these lenses lieiug towards eacli other. In addition to this 
he [ilace<I at a short distance above the mise ]>iece an eqvii-convex lens 
of iimlies focus ; this acted as a back lens to all the objectives, 
so that when an objective was changed it u as really ojily the front 
lens of a compound olijective that was altered. 

Cuff designed and made a nucroscoi:>e, in 1744, wliich Baker 
figured and described in his ‘Employment for the Microscope’ in 
I7.>d, winch possessed several conveniences and impi-ovements. Not 
the least of these is that which gives greater delicacy to the fine ad- 
jiistment than is found in any preceding moilel. It was subse- 
((ueiitly further improved ly the addition of a cradle joint at tlm 
bottom of the pillar by Adams. Cuff also designed a sinijde form of 
iui(‘roiueter. 

Thei'p were throe designs of microscopes by (Jem'ge Adams, of 
London, in 174(5 and 1771, which have many points of interest, but 
sc-arcely contribute enough of distinctive iin}>rovement to the modern 
Ibrms of the microscope to detain us hn\g. That designed in 1771 is 
figured in the Adams ‘ Micrograplna lllustrata,’ and is reproduced 
iu fig. ill. 

Ill this instrument Atlams claims to have embodied a number of 
improvements on all previous constructions. He a[)plied ‘ two eve- 
glasses at A, a third near B,aud a fourth in the conical part between 
B and C,’ by which he increased Mhe held of view and of light;’ 
<h‘a\v-tubes wm e at A and B, by which these lenses could be separated 
more or less, but the probability is very great that these were 
simply copied from the improvements of a like kiml rlevised bv B. 
Jlavtin and described above. He also arrangeil the object-lens(‘s, or 
‘buttons,' a and h, to be combined ; seven ‘buttons’ wmre }>vovide<l, 

• also six silver specula [‘ Lieberkiihns ’] highly jiolished, emit liavimr 
a magnifier adapted to the focus of its concavity, one of which is 
represented at e,’ and the ‘buttons’ could aho be used with ‘any 
one of these specula ’ by means of the adapter, d. 

' .4 Vnirncul T/eatbc on the Vseofthe Mlrmscopc, cd, London lsr,r, 8vo 

pp. 2.J, '28. ’ ' 



the Variable Microscope 

3y GeorgeAdam»^‘’^'<^.AZ»f Strc<tjA)HDCm 
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The iKKlv-tuhe. A B C, ^rith it. ium, F (in which it .sceewed 
and stem attaclnnent witl, the fine a.ljusttnent were clearly modified 
Cn a design which Cntf origiimted. The large ,vory head I, 
lated a nitiion and rack for raising or depressing the bodyattach- 
! t L the stem but as there was only one slide the rackworh 
Sd not te used unless the fine adjustment was first put „nt of action 
hv ..nt-l niiDinc^ it. Tlie stage and luirvoi* were adjustable ou the stem. 
The large ratdiet Imel eoutrnlled by tiie pinioudmmlle, S,gave ihe 

required inclination to the .stem. ^ ^ 4 . \ 

\<K 1 and '2 were ivorv and glass ‘sliders tor objects, to be 
annUed'in the spring-stage hio, dfittiiigat T ; the ‘ hollow at K [No 
3 is to receive the glass tnhe No. 10.’ No. 4 was a liiaphragin billed 
a eone. from its conical .shape; this was invented by Baker in 174.1 
•uid w-is usetl in all iiiicroseo])es up to about 1820, when the wheel ol 
ili-niliramus was re invented bv Mous. Le Baillif of Paris fitting m 
t lie lower end of Xo. d, ‘to exclude some part of the light winch 
reflected from the mirror Q.* d^he forceps, Xo. 5, eould be placed 
dn one of the small holes near tii.^ extremities nf the stage, or in the 
.socket , P. at the end of the clialu of balls Xo. 6.' Xo. fi ^^ as an arm 
composed’ of a scries of ball-and-scK-ket joints, similar to the system 
employed by Mu.s,sclienbrock. by Joblot , and by Lyonet, and was in- 
tended to be applied at W, when the stage was removed. Xo. 7 was 
a box of ivory in xvhicb discs of t alc and binss rings were packed ; 
No. 8, a hami-magnifiev ; Xo. 0, a sliding arm lens-carrier fitting on 
Z, when the. instrument was reijuircd to lie used as a simple micro- 
scope ; Xon,a. nxlof wire with spiral at the end for picking u}> 
soft objects from bottles gtc. ; and Xo. 12, an ivory disc, black on 
one side and white on the other, fitting at T, to cany oiwupie 


UIPjCCLS. 

' To use the iiistrimuait as a simple microscojie the bodj -tube. 
A B C, w'as removed from the ring, F ; the lens -carrier, Xo. 9, was 
place<l’on Z, and a lens with retlector, E, screwed in the ring, c; 
the ball-and-socket arm, No. 6, was applied at W. by the part X, 
and tlie object held by eillier of the forceps could be turned and 
viewed as desired. For dissections kc. the stage could be sc'rewed 
on at F, and a gla.ss plate applied at T. 

One of tlic best examples of this design has a nose-piece with a 
slide carrying three objectives— one of the first arrangements of 
‘triple nose-piece,’ or, indeed, of changing nose-piece for objectives 
(as distinguished from simple lens-carriers) tliat have been met with. 

A microscojie devised by Delleljarre was made the subject of a 
special report to the ‘Academie des Sciences’ in Jum^ 1777, lait 
there is nothing in it deserving special consideration in coinpai ison 
with contem[)orary or even anterior forms as bearing u|K)n tlie evo- 
lution of the microscope as we now know it. In fact, up to the time 
when aclu-omatism exerted .so poweiful an influence upon the form 
and construction of the instrument, there is no microscope that calls 
foi‘ fui'ther consideration sa^■e one — by an English inakei’ named 
Jones — it was called Jone.s’s ‘ 3Iost A})proved Compound Microscop(‘ 
and Ajiparatus,’ and although, in principle, it does not <lifier from 
Adams’s instrument, fig. 111, it yet presented differences of detail. 



JONES’S .MICROSCOPE [45 

Its date was 171)8, nud is seen in fig. 112, wliieli is taken from the 
,,ri<dnJil figure in Adams’s ‘ Essays on the 31ieroseope/ 

’\'he )t!i*^e is a folding tripod, and tlu: stein inclines upon a 
rDinpass-joiut on tlie top of the pillar. Mr. Mayall justly remarks 
that this was tlie host system devised up to this tlale. The arm 
carrying the body- 

E, and is also pro- 
vided with a rack and 
|iinion D- An extra 
i-tirrier, W, is pro- 
videtlfor special pur 
|K)ses pivoting at R. 
so that objects will 
vemaiii in the optic 
axis tlioughthe stage 
lu' moved in arc. 

Tlu're are also clips 
provided hir tlie 
stage. Thei'O is a 
condeu-ser at L, 
which sliiles on the 
>tein hy the socket /o 
The mirror also .slides 
(tn the stem. There 
is [>rovi<le<l a rotating 
iiiultijile (Use. F. of 

(ihject-lenses, ;uul a 

brass cell contains a 
high [lower, of or 

A,- in<Ti focus, which 
oil the removal of the 
lens-disc can be 

screwed into the 
I lose -piece. 

Tliere wevi‘ also 

designed s:nne into 
resting forms of vc- 
riecting iiii(‘rosco]ies, 
to the details of which 
we (-an aftiu-d no 

space, their intluenct' 
hiuing been of im 
value in the develop- 
ment of the inicro.scope as we know it. There was a rellecling 
microscope suggested bv iSir I.s;iac Xewton in U>72. and one was 
devised on tlie [trinciple of the (iregorian relesco[H‘ by Jlarker in 
173(i ; another of tlie Cas.segraiiiiau form was made in 17.H8by 8mi(li. 
which was, [teidiaps. the most perfect of tln^ i’atoplric forms. 

An outline of its coiisTvuetion and the path oftlu^ light-lx'ams is 

L 


Tube can oe rotatec 
(.11 the top of the liml 



JOITESS MOST /rWPROVSD foMPor.vn 
MICKOM Ot‘K .-HfD ArrJSATl'X 


Fig. 11-2 -1711s 
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ii-iven in li<^ IK^. It was lor examining? transparent objects and was 
Minilar to "the Cassc-riainian tele.seoj>e, bnt with an extra long eye- 
piece tube to permit llie focussing by nioveinent of the eye-lens. 
Jlie oT)ieet was placed at M X ; the image was taken up by the 
<-()iicave, reflecled on the convex, and again refiec-ted to the eye-lens. 
He advised the use of a condensing lens for the illumination, to pre- 
vent ‘ the mixture of foreign rays with those of the object,' otherwi.se 
th(- Instrument gave confused images of distant objects when it was 
used as a microscope. 

Even witiiout a condenser there are good images attainable with 
tiiis instrument, but witli the comleiiser they would be, of cour.se, 
impruve<l. 

We have not followed iu any d(“tail the forms of simple micro- 
.s<'opes as they presented themselves, hut in 175o a form was made 
by Cull' that can only bo regarded as the ]>recursor of tbe most com- 




plete ami perfect of oiir .sinqde dissecting niicro.s-opes : It is shown 
iji lig. 1 14. A di.se ot plane gla.ss, C, or a concave, was a[iplied, 

on the stage of u hicii dissc-ctions vV'c. could be made ; a mirror. 1, 
was fitted in a gimbal with a stem sliding in a socket in the jallar ; 

I he lens-carrier, F, jdorie, or with Liebei'killm, F, screu'ed in a ring 
on the end of a horizontal arm, E, .sli<ling through a socket, attache*! 
to a \ertical rod, I.), sliding and rotathig in a so(‘ket at tl^e back of 
the pillar fi>r focussing .to. This ]m>ti*in of the lens os er tlie objt-ct 
beiaine \er\ popnlar arid was employed iu nearly .all micro.scopes u[) 
to the rime of tJie e.stablishment of achi-oiiiatisni ; the last niicroseo})(‘ 
so fittcal ss-as that designed by iMr. W. Abdeiitine and made by 
A>idrew Ro.ss IB.:*!. The movement iu arc lasted much longer, and 
the last remnant of it is still to la* funml in Powell's Xo. i. 
the pillar screwetl on the lid of the liox, within which the in.stru- 
ment was packed with sumlry accessories. 

It nas to the di.scovery of aclinunat i.sm as applied to nn'ero.scopic 
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ubject'glasses tliat w’e must attribute tlie strictly soieutifu^ value iuul 
jirogrcss in fb^velopmenfc of tliis now cxti'emely valuable ami boauti- 
tnl instrument. An exliaustive account of "the earliest <list-,(jver\' 
., 11(1 progressive application to otir own day of acbromatisin, so fir 
it can i)e given in this treatise, will be found in tile chapter on 
ahjcctives. We can here only attempt, for the sate of comphteness, 
•1 very broad outline of the iacts. 

^iartin appears to have constructed an achromatic ohjectiw; in 
]7d9, Imt no results of practical value were obtained, IMavtin having 
tinned the judgment that his achromatic microsc()p(' was not ef|Ual 
to a reflecting microscope with which he compared it. lint it cer- 
icinly gives him a place of interest in the hi, story of the achi-omatism' 
iif'olijcc't-glasses for the microscope. 



In 17(i2 Euler hegan to di.''Cii.ss tlie theorv of achromatic 
iiiicroscapes. and in 1771, in his ‘ I hoptrica,’ lie entered u]>on the 
mbji'ct at inoj-e cojisiihanhle length, A pupil of hi.s, named Nicholas 
fuss, puhlishcd in St. Petersburg, iji i 7 74, a volume entitled * T)etailed 
histnicfion for carrying len.se.s of different kinds (o a greater degree 
'd iicrfectioM, witli a description of a niicrosc‘ 0 ])e wliich niav pass fw 
fl)c most perfect of its kind, taken from tlie diojitric theoiy of 
b'oiiard Eiih‘r, and made cnmprehensihle to workmen )>v Xiclmlas 
fuss.' Tin's was translated into (hnanan by Kliigel in 177^. hut no 
IV, suit of these disciissutns of the theory of achroinatisni can lie 
'lisfovenal earlier than 171)1, wlien Fran (.;ois BeeldsuYder made an 
'i<iu‘oiiiatic olijective wliich u'as presented by Karting to themu’^eum 
^'f the riiiversity of Utrecht ; hut it was far from ,s;Ulsfactovv, It 
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nf tAV(. l.icouvex lensos, au.T ii Incoiicave 

'c'l;':’;!". ISl-is ■ 'tl;:tU,ween ISOO an,l 1810 M. Charles, of 
HK/- l u ';,.ul' parl;.,„a.le s.nall ..ehroiuatie lenses ; hut U>cy were 
too iiuis-rlhct t.i he of real sernee. 


In 


1811 Fraunhofev Duale 
iiiul in 1823-4 an arhro- 


^u-hv(nmtk‘ sKith 

, i.. n,ic,„seo|,e was o,a,le hv the Messrs. Chevalier, with tour 
,.t lenses arrain.e,l aeeoraiiig to a plan devise.l I.y Sellig, e. 
T,,,i, . yiierosia.isMlEuler M.,llo,ve<i and in 1821 Aimei eon.struetol a 

, .,„..,.„seope on aihro.natie Finoiple,. whidi w^_^spoken 

up to a very recent 
(late it waK common 
to assert tliat the fiivst 
to sn^^gest the plan 
of coiiihiuing two, 
three, or four plano- 
convex achromatic 
<lnnl)lets of similar 
foci; one al>ove the 
other, to inerease the 
power and apeitnre. 
was Selligne in 1823. 
it is now known that 
this had heen aiitici- 
]tated by IMarwili (ch. 
v. 3^3). Selligne’s 
plan was carried into 
exc'ention liv the 
^Messrs. (-dievtdier. 
The insti'uiiLi'nl em- 
hod\'ing this plan is 
sho^^■n in fig. Ho, 

In a report to the 
Acadeinie Royale des 
8'ciences, tlie well- 
known mathema- 
tician tT’esnel says, 
canceriiing this mi- 
croscope. that in coiiipai'ing the ohjeeti\es w illi tliose of one of Adams s 
best non-acliroiiiatic instniments — that u[> to a magniheation ot 
two hundred times - Sidligne^s was decidedly superior; hut beyond 
that hmgnillcation there was no sujierioi'ity in the achrmnat ie foi-m. 
and lie ]»referred Adams's form for prolongcal oiiscM'vatioiis because 
it gave a laigtn- held tlian Stdligue’s. 

Tlie mei.hani.''m of tliis mkToseo[(e was siiiiilai' to the English 
iuodel of Jones, slinwii at tig. 1 12. The focussing was by rack and 
pillion acting on tlie stage, tlie pinion travelling with the stage on 
the rack. Two diaw-tuhes. A and R, w(‘re a])plied within the 
l)ody tube, 0. the np[)ei' one having a hieoiieavc' lens, S, at the 
' hrfi .\firrascope8y Palis, ISIJD, ]i, stJ, 
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lower end, serving as an amplifier, which was prohahly the first 
ap]dicatioii of a ‘ Biudow lens ' to a microscope. 

Illumination for opaque objects wa.s accomplished by a lenticular 
jaism, P) which wa.s giniballed, and connected with a ring embracing 

ihe body tid->e. 

We learn from Fresnel that the range of magnification was from 


40 to 1,‘200 diameters. 
The object-glasses were 
composed either of two 
(b)ublet systems for low- 
power work or of four 
doublet systems all 
screwed together for 
liigh-power wx)rk, and 
two oculars were pro- 
\'i<{cd of <Hflerent power. 

It is interesting to 
place one of the earliest 
known English models 
(if the achromatic inicro- 
.vcope beside that of Sel- 
litrue. It was made 1)V 
'rully the ()[)t{ciaii, of 
London, who at T)r. Clor- 
iiiics instance had been 
working at the achroma- 
(i.^ing of tlie inicrosco[)e. 
Selligue^s is a manifest 
]iioditicatiou of one of 
tlie liest forms as made 
liv Adams, Jones, or 
Dollond. Tullv made the 
microscope figure*! ill 
11 ti from the woihing 
drawings snp[)lie{l hy 
3Ir. J.J. Lister, whosaw 
tliat great accuracy of 
workmanship and coiu- 
jilete .steadiness in the 
■stand were needfnl for 
achromatic iiiicroscojjes, 
and to this eml thev 



adopted slruts. such as tm. Listci s 

wt're used in tele.sco]ies, 

coiniecliiig the hoily-tnhe with the base. 


arhroniatie iiiiiaxiscope inaJc liy 
Tally ilS -20 . 

The instrument is shown in 


!ig. IK). lie also ])r(ivided mechanical movejneiits to the stage, but 
no fine adjustimuit was applied, There was a siih-stage provided witli 
a I'otating disc of graduated di;qt]n'agms. This microscope was made 


ill tlie year 1820 liv Tully, liut it was made from working drawings 


siqiplied })y Mr. J. J. Lister, who therefore is responsible* fur the entire 


design. The sub-stage held a comliinatioii of lenses for a eondenser. 


As compared with single lenses of ecpial po\v(*r. from which so 
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uuieli li-lit was inevitably stopped out by the small diapliragm that 
it was needful to use in ordev to secure a fair image, the objectives 
used ^^'ith this instrument gave a vast increase of light by permit- 
timi- the emplovment of the full aperture. 

^\\\ extremely iutpresting instrument by C. Cl^e^•alier, made very 
nrolmblv not long aftei' 1821, and bearing much resemblance to that 
of Selli'me, is shown in iig. 117. It is provided with a revolving 
<Usc of diaphragms applied below the dark ebunher under the stage, 
and this is a plan whiciiobtained 
a permanent place in t he micro* 
scopes of the fut ure. 

The report of Fresnel con- 
cerning 8elligue’s achromatic 
microscope determined Professor 
Amici, \\ho for nine years had 
abandoned his experiments on 
achromatic object-glasses, to re- 
coil unence them in 182(h and in 
1827 he exhibited in Paris and 
in London a liorizontai micro- 
scope. The real novelty shown 
in it was the application of a 
right-angled ])risni immediately 
al)ove tlie objecti\e to deHect 
the rays thvougli tlie horizontal 
body-tube. Tlie object-gla.sses 
wore composed of tlii-ee len.ses 
super] losed, eaidi having a focus 
of three lines and a greatly in- 
creased a]iertui’e. It hatl also 
extra eye pieces by means of 
which the amplification could be 
incren.sed. 

Meantime the .subject of 
achromatism was engaging thi^ 
attention of the most distiu 
guished English mathematicians. 
Fii,. in.-C. Chevalier’s acluomatlc Sir John Herschel, Sir George 
microscoiK' icirca 1821). {then Profe.ssor) Ai]‘V, Profes.sor 

Ihulow, Mr. Ooddington, and 
several others, worked more oi' le.ss at the general subject. Cod- 
dingtuu alone. Imwever. confined bis attention In the microsco]-e, 
and liL work was limited to the eye-])iece. Also, foi’ some years, 
Joseph J. Lister had been earnestly working expierimeutally and 
iiiatheinatically on the siniie subject, and he iliscovered certain jTo- 
perties in an achromatic combination, whicli were of ini])ortaiH'e. 
although they had not been before observed.^ In 1829 a [laj er 
finin Lister was receiveil and ]jublislied by tlie Iloyal Society,'^* 
and putting the [)rinci|)les it laid down into practicix Lister was 
enabled to obtain a eoiiilii nation of lenses ea|iable of transmitting a 
^ Vide Objefitiveg, ch. v, yj, y.lS, Troirs. Hoy. Sor. for 
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neiicil of ■lO" con-ecled field. 'Phis p;i|)ei- mid its 

i-csult.s exevfeil a vei-v powci-ful influence on tlio immediate iiii]ii-ove. 

‘ ' ineiit of English aehi'O- 



iiiatit; object-glasses, and 
f{>niied a. permanent 
basis of advancement for 
1 1 1 e 1 n i Cl ’oscop e , not only 
in its oj.)t,ica], but also 
indirectly in its me- 
chanical construction 
and refinements. 

For eon\’eniencej at 
this [joint we may ad- 
vance a little in order 
to complete our brief 
outline of the mechani- 
cal ap[)lication of achro- 
matism to object-glasses. 
Mr. A. Koss became 
[ ) ra cti ca 1 1 y a cq ua in ted 
A^'ith the [u'inciples of 
acbr(.)iiiatisni as applied 
tocominnationsof lenses 
in working ’with Pro- 
fessor Hallow on this 
subject, ami liaving ap- 
plied Lister’s [jrinciples 
w'itli great success, be 
disco\ei‘ed. as we have 
already pointed out in 
Cli. I..^ that In’ covei'ing 
the object under exami- 
nation by a thin him of 
glass (n‘ talc the correc- 
tions were ilistnrbed if 
they had been adapted 
to an uncovered object ; 
and we have seen (hat 
it was in 18;17 that Ross 
devise<l a simple means 
of correcting this. H(' 
was an indefatigable 
w(Ji-ker in the interests 
of tlie advancement of 
the mechanical as well 


Fr,. liy.—riitcUiu’cVs microscope with ‘ Coiuinenhil ’ as the optical side of the 
fiiicadjustmimtaSii;-, lliicTiiscopc. Fig. 118 

[iresents a form of 
microscope, fr(mi an extant exam[ih^ which was ih«signed by W. 
Valentine of yoitinglmm in March (8:11 and made bv A ndrew Ross. 


' l\'20. 
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The stage is actuated in diagonal du'eetioiKs on eithei* side of tlie 
stem. A Pritchard inicroscoiie ijrobaljly made by Ro.ss is .shown in 
Htf, 110. It is not at all like fig, 118. Tlie stage movement is 
1>Y rack and pinion and not by screw as in %, 118, but it will 
be seen that it lias also a curious spiral line adjustment, which is 
plainly an uncovered ‘ Continental ’ form, cither a<lopted in England 
from ( T . Oberl laiisfu-, 0 r i t may 

1 litoresti ng to however, 

ments in botli these instanca's ! 'll 

by WoUaston in' connection ! ! [M 

an account of which was given ill 

The Ross form cannot be jffi 

inclined, nor caii ^ tlie Prit- JH 

to lie eli'ected without llexure r' s 
by the weight <n' }>ressui‘e of 

as may ho seen by reference lo(,U'20^— A Ross iiiic-rosca»re 

toHg. 118. Rectangular me- 
chanical iiiovemeiils are employed aeting diagtaially on either side of 
the stem ly rather fine screws, so that the motions arc slow. 

But A, Ross at :ui early };eriod worked out a ‘Lister' form of 
microscope, with the liml> supporting the body-tulie. He ap]tlied a 
line fidjustment'in this to iwt upon the nnse-pieee only, which, as 
we shall snbseqiu'ntly sec. is a ■\ ery inferior method. This instru- 
ment dates from 18dl). and is shown in tig. 1’20, In 1842 he 
’ Traii-'i. }{oij. Soc-I s^lt. 
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^.lijinged the form to tint shown in fig. 123, p. 158. Ross tried 
\-jii'ioos modifications of this fine adjustment and model, hut from 
jihoiit 1843 he worked only at the lever method as applied to the 
through tlie ‘cross arm' and hroiight it to a relatively 
lii<rh state of perfection. But the full iiossibilities of this method, 
:ts (“oncerned its sensitiveness, were never utilised hy Hoss, and it 
was Hugh Powell who first puldi.shed an account of his long lever 
line adjustment in the ‘ Tjoudon Physiological Journal/ Xoveml)ei‘ 
]843. The publishetl account of Ross’s long lever fine adjustment 
(lid not appear until a luontli later, viz. Decemter 1843. 

Ill 1835 Powell made a mieroscope with an extremely <le]icate 
line adjustment iqtplied to the stage. The mecdianism and the 
workmanship were excellent (we give a drawing of a later* form of 
tlio instrument at fig. 121 ), and this fine adju.stment is one of the 
^krtvest and steadiest as yet made. In one we have measured the 
luoveuieut only amounts to 7 , -I ,, of an inch for one I'cvoliition of the 
milled head ; this is six times slower iliaii the fine adjustiiicnt applied 
to the best Continental microscopes. The disadvantage of this fine 
adjustment is that it slightly disturbs the foiais of tlie suh-stage con- 
denser; therefiu'e, if the tine adjustment is mueh moved, the suh- 
slage conden.ser will require refocussing. The iiio\-ement usually 
required is so slight that the refocussing of the comleiiser is seldom 
ie<|uired. 

James Smith also made an instriuneut on an entirely new 
plan. It is illustrated in fig. 122 , being the first model made 
hy this firm in this form, and it lias many features of iiitere.st 
from tlie iioint of \ iew of our }ireseut requirements, But after 
we have once socureil steadiness, tlie crucial ]ioints in a microscope 
arc the quality of the fiia^ adju.stment, and the delicacy, fiianness, 
and ea.se witli whicli we can eeutre, focus, and otlierwist* modify 
the .suh-stage illumination. To the formei' certainly this model 
does not contrilnite. 

We are iiou' prepares! to examine and endeavour to judge im- 
[lartially from a [uuctical point of ^dew the merits of the judiicipal 
English, Coutinentah and American models whicli jue offered to 
tlie microscopiciil public. It is impossible, no le.ss than it is unde- 
sirable, to attenqit to ilescriln,' all the micrcscoiies of every maker, 
or even the principal forms made hy the increasing multitude of 
(tpticiaiis. We Imve souglit no opitieisuis' aiil ; we have carefully 
examined all the forms that lay any just claim to ]iresenting an 
instrument which meets the full rcipiiremeuts of modern mieroscopy ; 
itiul. although we have rea.son to know that the judgments we exi>ress 
ai'c .sliiireil hy the leading cxpiats of this country, we take the .sole 
re.sponsihjlity for these judgments. Having sought for twenty years 
1 lie lif'st that could lie pi'odncCil in microscopes and ohjiH'tixes our 
judgment is given with delihm'atioii ami v holly in the interests ot 
science. 

In e.\amining the tivincipal modern microscopes we .shall point 
out whatever is of absolute imtiortaiue or relative value; and the 
alisenco or presence of this in any form pi'ovisiunally seleiteil is .all 
tliatthe reailer will need to eiiabje him to become convinced ot our 
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^sHniaDM)ftlievalii.‘ of siuli an instrument w 
illustrated in these i>ages or found in the 
makers, 


he tin A' the farm he 
eatalogues of the 
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With tills object l>efore us we shall facilitate its attainment In- 
;it. once consiflering wiiat ace tlie esmdials of a gowl nuer()sco[)m 
WUati ave the attributes of the iiistruinent witliout tlie possession of 
wiiich it cannot meet modern recjnivemenf s? 

T, Steadiness is absolutely indispen.Sidde : this would, in fact, 
a[ipt'ai' to be obi'ioiis. .But w e are bound to admit that it is, in what 
sometimes claim to lie stands of the first class, disregardeil ; and wlien 
the height of the centne of gravity in tlie English and American 
stands of the first class is considered, this is a fatal mistake. 

It is pointed out in the section on micrometry * and drawing 
that the optic axis of the microscope should lie ten inches from the 
table ; therefore a first-class microscope whose 0]>tic axis wlien 
placed horizontally is either more or less than this is found wanting 
ill a material point. But to possess this characteristic it must have 
!t high centre of gravity. 

Xoiv it is p)ssil)le to sei-tna* steadiness hy (1) weight or (2) 
design, riie Contnienial method has iin'ariably been weight, d'he 
pillar of the instrument is fixed to a ctimlirous metal foot of iioi-se- 
^ho^" form, winch beai's so high a ratio to the whoje remainder of 
the instrument that it is usually steady. Tlii.s secures the end 
(Ti-tainly, but lyv coarse and unwieldy means, it promise.'>; little 
for the instrument as a whoh*. 

Wiiat is -wanted is the iiiaxiniumof steadiness willi the minimum 
nf weiglit. An old plan ilesigned by (duftl circa 1 7()>j, of rotating the 
foot behiw the pillar lias lieen frequently reiinented. It was used 
tiy Aiiams 1771, by Ross 1H4’2, Iw Sidleaml Poalk in America 1880, 
liv A. McLaren 1884, and recently again by Ross. This is a verv 
.simple method of olitaining great stalhlity for the iiistruinent when 
in either the vertical or horizontal positions. An instance of this form, 
made by Andrew Ross in 1842. is given in fig. 123 : the foot is .seen to 
lie circular, with a vertical pillar attached eccentrically to it. and the 
base rotates, securing stability in eitlier a vertical or inclined position. 

Palpably, the mechanical com[;ensatioii for the ditfieiiltv of an 
elevated centre of gravity i> an c.>‘[ciale<l base. The leading fault 
of many stands claiming tlie first rank is their narrowed bases. A 
broad base, resting on tbvee jinints only, and these ]>lngiieil with 
cork, is the ideal for a p.erfcct instnimeiit. 

M. .Xext in order to the rUnal of tin' niicroscf>pe comes what is 
known a.s the body of the instnuiient the tube or tubes for receiv- 
ing the ohjeerive at one end ami the ey(**pieces at the other. Tlie 
tube of the monocular is aUvays j;vn\ ided w ith an inner tube called 
the (Iraif-tiihe. In a fir.st-class instrument this latter should alwavs 
be ))ro\ ided with a raek-and-jtinion motion, and should have a scale 
of from tw-o to three indies, divided into tenths or millimetres. 'I'liis 
enables tlie operator the moit' ueeurately to adjust a{iochroinatic oi>- 
jedives s<i sinisitive. for their liest action, to accurate ailjustinent of 
liiiie-leiigth. J 11 fact, it is always iiiqtortaiit to remember that ob- 
.jei'tives are comaTt'd for a s]ieeial tidiedengtli ; that is to .say, tbv 
the formathai of the image at a certain deiiuite distance. 


Cliaeler IV. 
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There nee, hox'ever, t»‘o kinds of tnhe'Umjth: (1) ah 
(*2) a um'Jmnk(d. 

The opticnl tahe knfjtJi is measured (roin the [iosterior principal 
jioint of the oltjeotive to tlie anterior pi‘inci}>al point of the eye-piece. 

The. mechnniml Uihedentjth should he measured from tlie top of 
tlie tube into wliich the eye-[>iece fits, ainl upon which the hearings 



Fie. li!;i.-0]d Koss ..taiKl {IS42;l I’ot.itiiig foot below [lie rilbii'. From tlie aibimh 
oJ tlie Royal .MicToicopical Society, 

of the eye piece re.st to tlie end of ilie no.se- piece into u'hi(‘]i tli<' 
uhjeetive is screwed. 

Unfoi-tiMuitely .liffcvcnt iii.ikeis fstiiniiti' .lift'cveiitlv 

aiicUiike ,lift'crent pniiits from wliicli to i,mke tlioiv moosTioomoiit^ 
pxtkmg ;,t tlw mottcr bvoii.lly, thoiv ;.vo t«„ ostiinatos for tulte- 
Ifiigtli m usf ; thexe (in- tlio Eiiglisl, aii.l tlio t'oiitiinmtal 
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What was formerly known jus the English standard tube had an ; 
optical length for high and moderate power objectives of ten inches ; ' 
with low }>owers, however, it was less. The mechanical tube -length 
was 8| inches. 

Professor Abbe, in constructing his apochromatic objectives for 
the English body, has taken the mechanical tube-length at D-H 
inches = 250 mm,; and the opticiU tube-length at 10' 6 inches 

270 mu] , This has caused an increase in the length of the English 
standard tube, since all good microscopes are made to work with 
these objectives ; and the ailclition of a rack taid jnniou to th^ ' draw- 
tube’ bficome.s of gi'eat practical value. 

The tube-length of the Continental mechanical tube is (]-3 inches 
— 160 luni., and the optical tnhe-length is 7*08 inches = 1 80 lum., and 
some Continental objectives Gin only be accurately adjusted on an 
absurdly sliort tube of 4^ or 5 inche.s. 

The question has been asked, ‘ Which is the better of these two 
differing tube-lengths ? ’ So far as the image in the instrument is 
concerned, there is not much difference. It is of little importance 
whether the initial magnifying power of an objective, be increased 
1)V a .slightly lou'er eye-piece used at a longer distance or a slightly 
deeper (higher) eye-piece at a shorter distance. But it is of practical 
importance to note that a small difference of tahe-lmgtk produces a 
(/reatec effect oh faijustment u:ith a short hodg than irith a long one. 
Critical work is caiaaed on in this country to *2^ mm. adjustment 
on the long tube ; with a sliort lulie the delicacy would be greater. 
A difference of 5 mm. on a short tube is e(piiv;dent to the difference 
between a good and a bad objective. When small cones of illumina- 
tion are used lenses ai'e far less sensitive, but, on the other hand, 
rliev are not iloing their work. Biologists in a vast majority of eases 
use a high power insufficiently worked ; thus a J-inch objective with 
a ^nmll cone is user! in place of a 1-inch olijective, and an oil ini- 
inersiou ^V-inch objective with small (vine is used to do what a -|-inch 
would have done. Tlie oil jb-ineli ohjectii'e is nevei' fully utilised, 
and the objects that it will show if jiropevly used are never seen. 
I’lie principal difference, however, between the long and the short 
body as affording a datum for their resj-.ective values is that when 
a short body is used by a person having uorrned acconrinodalion of 
sight, the stage of the microscope cannot be seen unless the head is 
removed from the eye-piece, whereas with the long body the e\e 
need not be taken from tbe eye-pieee jit all, as the stage can be seen 
with the unused eye. We are informed by a liigbly competent 
lu'riuau optician that short sight is tlie imvst comuuui form of vision 
amongst derman micro.scopist.s. This, of course, for derniaus so far 
alters the case, but it does not apply in this country. Tlie diameter 
(tf the body tube is also a matter of importance, because when a 
aiicros(-ope is used for photomi(‘rograj,iliy it is essential that it 
should have a body with a large diameter. 

111. Arrangements for foenssing stand next in order of import- 
ance. Every microsGipe of tlie first class is provided with two 
arrangements for foctissing, one a coarse adjustment, acting rapidly, 
and the other a fine adjustment, whicii sluaild act with great delicacy 
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, ■ ■ 1 I ‘r-oiirse iuliustineiit ’ 01- priluai-y iiKH-able 

p'o t l!fX' ittnaneut is of great iuiportauee. The first requisite is 
h’.rriH lro.lv ..r •oovol.le part slaa.hl n.ove easfiy smoot fiv. but 
‘♦1 f ‘ ’ ill tlio ‘Tonvc or sldl ov \vllilt^'^el oLsc it sslides ni. 

We Z a. i; uu.l i>. pra.t.Ve that a bar shape.! like a truncate, 1 prisn, 
li.u ... in a suitabk gro„^■e acts l.est an.l longest. 1 ut a, bar plane<l 
, a e ,01.1 l,laco.l in a gro.n e ploughe.1 to suit it is not enough. The 
.‘ecit'.ble fri<-fon determines ivear, ami this 1, rings with it a fatal 



l''in. 1*2 f.— Diagonal iMok luul IwltiLcd piiuotL duvised in 


‘sliakt*.’ All ."iK'li gi' 0 ()Vt‘.<, whicli are usually V ^Iiapcd, should y 
ad <(nd spt’Oiij oti one side, that by ' tiglitiaiiiig u[)' the v’s by 
n It'D ns (if SITU WN tlif bar nr limb isngaiii lirinly gripped. Further, the 
bar should not ’ bear ’ for its avliolo length along t]i(‘ groo\ e, bnt only 
on points at eillier end and in the middle. Powell introdneed tlu-'Si* 
jirhne essentials lo a good Z'oav.se adjnstnient ' more than (iO years 
ago; yet what tliousands of instruiiieiits in which these [>rinci[iles 
have not hcini a}iplied have been, by sluau' Irietion wear, soon 
cliaiiged into useless liruss since then! Ihit instruments made by 



FOCUSSING ARKANOEMFNTS l6l 

this firni are as good after thirty years’ use as tliey were when 
iie’w. 

Frequently bad workinaiislnp is concealed by tlie free einploynient 
of what is known as ‘ optician’s grease ’ and an over-tiglitening of the 
pillion, ilriving its teeth into the rack, which, of course, speedily 
ends ill disaster. 

If we desire to practically te.st this part of a microscope, we 
must remove the pinion, take out tlie bar, clean oft’ tlie ‘optician's 
o-rease ’ with petroleum from both bar and groove, oil witli watcli- 
maker’s oil, and replace the bar in the groove, and bedbre refixing 
tlie pinion see if it slides smoothly and without lateral shake. 

What lias been said about the ‘ springing ’ of the bar in this special 
instance applies eipially to all moving puts, in stage and sub-stage 
movements, and wliei'ecer constant friction is incurred : e()uallv 
applicable, too, is the 
!ubri<',ant wc suggest. 

All instrimient left 
minseJ in its native 
■ orease ’ for twelve 
months becomes .so im- 
rnolhle in ino.st of its 
parts by the hardening 
of its ‘ normal ’ lubri- 
cant that motion be- 
comes a peril to its future 
if persisted iu in tliat 
condition. 

If a ‘coarse, adjust- 
ment ’ be what it should 
he, all lower })owers 
.should be exclusively and [)erfectly focussed by it. and with the 
highest jxiwers objects should la* found ami focussed up to the point 
of clear visibility. 

The exceedingly useful method of ‘ diagonal rack and twisteil | 
pinion’ was introduced hy Me.ssrs. Bwift and Son aliout 1880 and 
lias since been universally mlo[)te(L Its mode of o})cration is seen ‘ 
in tig. 121, a sectional drawing of this part of one of Swift's micro- 
scopes. Tlie advantages gained by this iiietliod are due to tJie twist 
iu the pinion hieing a shade steeper than the ^liagoiial of the rack, bv 
which expedient there is more gearing contact between rack and 
I'inion, wliicli prevents ‘loss of time’ ami obviates the necessity for 
undidy forcing the teeth of this pinion into those of the rack. 

3ir, Xelson has had made liy Messi's. M atson and Sons a still 
better fonn of rackwork. It is wliat is called a ’steppe^U rack (not 
of the diagonal, but of tlie straight t}-pc). In this \ ei-y a<lmii'ahle 
knmi two panillel racks engage iu the siune pinion : one rack, how- ' 
ever, is placed so tlmt its teeth are stopfied an amount equal to tlie 
‘haek-lasir behind tliose of the other, e.g. ■^\ of the pitoli. 

These rai'ks lia.ve to he cut together and fixed iu the position 
they were cut ; the olijcot of this plan is that one of the racks shall 
he ill action wlien the bar is racked up, and the other when it is 



Fig. 124a.— Xelsaii’s ‘ stepped ’ rack, invented in isasi. 
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ritekoiMowii ; so that if the racks are properly placed relatively to 
one aiiotlier ' loss of tiaio ’ is impossible ; iind tl^e result is obtained 
without forcing tiic teeth of the pinion into the rack. If the teeth 
are true the friction is of the least, and tlie smoothness and firm- 
ness all that can he desired. But ^vhat gives great value to this 
form of rack i.s that any loss of time as the result of wear can be 
{aketi up by a slight alteration of tlm position of the second rack, 
The arraiigcniciit is sliown in fig. 1*24 A, and it will be seen that at 
the top of the riglit-hand rack as we look at the illnstration there is 
a .small screw. Xow the racks are set side by side, one teing fixed 
finally. Tlie pinion is then made to work freely and smoothly with 
this i.nie rack ; the second rack is then iutrodueed, and is provided 
witii slots and clamping screws, and its pasitinn is grailnally altered 
in tlw slots in a vertical <lirection by means of this small screw over 
the right-hand rack until the siuonthest position of action is secured. 
Tin* clamping screws are then tiglitened and the rackwork becomes 
lixetl; and snb.seipieiit irregularity in it is at once corrected liy tlie 
small screw to wbicii we have referred, 

When the best position is found the teetli of tlie tn“o racks, as 
we Iiave stated, will not be in aline, but those of the loose rack will be 
found to occupy a position slightly below the t(‘etli of the fixed 
one. 

There is a defect in eitlu'r microscope or microscopist if the 
'fine adjustment’ is re.sorted to before the objt'ct is focns.sed into 
clear ^dew. even with the highest powers. 

The Fine Adjustment. — This part tif tlie modem ntfcroscope 
|.H‘)ssesses an inipovtance not easily exaggerated, and deficienev or 
had principle in tiie construction of this makes not onlv iiiferioi’, 
hut for critical j)ur[)oses absolutely useless, what are otherwi.se 
instruineuts of excellent workmanship ami real value. 

There are two kinds of fine adjustment usually employed : — 

i. Those which fdnipljj move the nose-pkee which receive.s the 
ohjective. 

ii. Those which the mhok hrdfp or the whole kaly including 
the coarse adjiistment. 

All consfjaictions of the second cla.ss formerly pi'oved impracti- 
cable. and even pernicious. Tliey inevitalily broke down just as the 
{lurcha.se]', by prvictice, began to 1 ‘ealise the value of perfect action. 
^^■ith a large experience of stands of (>very class, we are obligeil to 
say thiit geiiei'ally with one or two t ears of movk they lost whatever 
valtie tliey at first possesse*!, 

To this broad statement there ai'e possildy two or three excep- 
tion.s, vii5, 8wift s side levMj' ;ui<l Camplieirs ijifferential ’ screw aiid 
Watson’s long lever, to which we shall suhseqnently refer. 

It is. liotvover. upon the model abo\'e refei'red to, with all its 
nnlicai and glaring iin perfections, that tlte iiiajorit v of Contimmtal 
mici'o.scopes have been built, 

.V .screw with an cxti-emel y fine thread, and theivforc of extremely 
shallow indsion— a micrometer screu' in fact— /node kar Ihslraitt of 


' IliG .lifferential screw fine si. merit was first 
lyao. It was snli.se(iLiejjt}y made b,v Robert about 3803. 


suggested by Dr. Goring in 
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Uftinjg aiul loicering the entin iceigkt of the hody^ with its course ad- 
jnstmcnt, lenses, and so forth ; wliile tl)e sole object of the adjustment 
shouhl be to give a delicate, almost imporceptilde, motion to the 
object-ghisei alone. It needs no great experienc'e to foresee the inevi- 
table result; the screw loses its power to act, and something inconv 
parahly worse than a tolerable coarse adjiistnieut is left in its pha^e. 

Yet it is the Con- 
tinental model that 
liii.s become the dar- 
!iug of English labo- 
ratories, and that still 
vecei\'es the appreci- 
ation of professors 
and their students, 

'fnie they answer in 
the main tlie purposes 
sought — the exi- 
Licncies of a limited 
course of practical in- 
struction. Hut how 
]ii:inv of those who 
receive it are the 
medical men of the 
future, and to whom 
a microscope— not of 
necessity a costly one 
- of the 1‘ight con- 
sti-nctioii would l)e 
of increasing value 
tlirough a lifetinie? 

Almost any i li- 
st 1-11111011^ however 
inferior, could he em- 
ploved suecessfidly 
with a |-iiieli oViject- 
i\ e of ‘ low angle ’ (to 
_!,;ive it what has been 
ralleil ‘ the needful 
penetration * for Ids- Fig, 125. — Pioss-Zciitaiayei’ tnotlcl \ls7ye 

tologieal subjects !) to 

olitaiii an image corre.sponding to a figure in a text -hook of, say, 
a Mal[>ighiau corpuscle, or a section of kidney, brain, or spinal cord. 
The (piality of a fine adjustment is never tested by these means, 
fir. in point of fact, a delicate fine adjustment is not even necessary. 
We write in the interests of mi(‘roscopical research, It certainly 
iaay be taken for granted that the end sought is not simjily to use 
die microscope to verify the illustrations of a text-lmok. a ti-euti.se, 
m- a cour.se of lectures ; without doubt it is a sulisidiary }>urpose; but 
the larger aim is to iirspire in the young student t*onlidence, 
mitliiisiasm, and anticipation in tlie methods ami promise of hi.stology 
:ui(l :dl that it touches. But for tliis there must he potentinlity (with- 
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out t'o.stliae.s.s) iu tlif-* jnechauit‘{\l and optical cliaracter of the iniei'o- 
scopes comi)\ended luul a]>pvoved, 

A low'-jti'iced student's microscope of good workmanship amt 
pei-h‘ct design could easily be devised if the demand tor it arose. 
Indeed, ([uite recently a eertain class of students^ microscopes have 
been im])Vovcd greatly ; tins has l.>eeii a concomitant of the science of 
Itacieriology, which has compelled the use of the sub-stage condensei*. 
We haA'c sjiid emnigh of tluM'alne of tin's in.strnment in a sueceediim' 
cliapter, but until recent years histolugists did not use it been, use it 
was u(tt used in derma ny (tv with derman instruments ! its present 
Use, n(‘v<a'tlieloss, has Iiad the otfect of improving the <lefiiiition 
obtained by the objectives used by students generally. Borne wht> 
pci'ceh'c this, emleavour to :il tribute it to the ini])rovement effected 
in modt'i u oltjectives, but this is not the ca.se ; the objectives in 
many cases are not even new, and until the introduction of the Jena 
glass i tliLMu-dinary .students’ objectives were not really so good as 
the English olijectives of forty- il ve }■ ears ago. But it* could easily 
be shown that one of those early objec1.i\es, usetl as it alwavs was 
with a would surpass in the sharjniess of its definition the 

majority of tlri.se now supjilied to ‘ students ’ with Continental inodel.s 


Ihit it must mit he supposed that it i.s oolif the Continental 
model that is deformed by the aclo[)tion of this radical error in the 
Mine adjustment ' with which we are dealing. Even duviin’- thela.st 
twenty years it has lieen applied to some of the most im})osing and 
ex[Kmsive instniments made in England and America, on what is' 
known as the ‘ Li.stm' model. Thi.s model has one supreme viitue. 
in the pos.se.ssiou of a solid limb. This may take many distinct 
fitnn.s, but it is sufficiently represented in fig.' l2o, where it W'ill he 
seen that the ‘ limb.’ wliicli is .swung between the pillars, and wliicli 
carries tile ho<ly-t idles and tiie fine adju.stmcnt, i.s in one .solid piece 
If notldng were sacrificed this would lie a boon. Formerly, thi.s 
model was supplied with a fine adjustment which onlv moved t]i(> 
iiose-])iece, but on a principle which we shall .see iwi.s wrom^ aial 
from Its imperfections it was abandoned, ami tlm solid Li.ster arm was 
c//^,and the whole body and it.s coarse adjustment was pivoted on the 
lever of the fine adjustment. Thus its normal virtue (a limb) was 
.sacrificed, and a * fine adjustment,’ doomed to failure, was given to it 
A complex roller, a wedge, and a difierential screw have in turn 
a-eii since ciuplin e.l to redeem this instrmiient from t)ie failure tliaf 
had overlakeu it. Partially, or completely, each has failed The 
dilku-ential s(.rew eertuinly comes theoreticallv nearest to succe.ss 
vMtli this fman of instrumout. But at the outset this is the ca.s(> 
.m v uliei-e ,t ,dK, ly ahan,),,,,, ti,,, and |,„v«.i„g of tlio l.odv- 

tube Ac. hy the action of a ‘ fine adjustment; and its motion is on'lv 
bt oi^ht into operation upon the equivalent of a nose-piece 

Zft letlar, Shetland, wa,s a, loptod Uy Swift 

' i'l «tand „lade hv Kikea 

m the u«. 1886 at the Qnekett Jlioro. C]„hd It,s object iOo .sup. 


j T7fie Cluijitei' I. 

' /ok V ia Q.M.(\ ser, 2, vol, li. pp, 288 anfl 287 (1880). 
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jiliint the direct-action where tlie forui ol' tlie iiiicro.soope may 

appear to make tint a necessity. Tlii.s lias been the ca«e with the 
(,'ontinental model. It was applied by its inventor to a microsc:o[:e 
iiiade by himself, and was brought before tlie Quekett ( -lub by Mr. 
E. M, XelsoiL 

It is very simple, and is made by cutting two thn^ads in thi^ 
iiiicromeler screw. Fig. 126 will illustrate the exact method. I) is 
I lie nulled head of the direct-acting sci-ew. The npjiev part, S, of 
the screw has (say) twenty threads to tlie irndi, and the lower ])art/r, 
twenty -five threads to the inch. B is the fixed socket forming part 
of the limb of the microscope, and H is the travelling socket con- 
nected witli the supiKirt of the liody-tiihe. Tlie revolution of W 
causes the screw thread ^ to move up and flown in B at the rate of 



Fid. 127.— -Zeisa's uaUiU ■ new ’ fiiir adjustintnt (lS8li) 


twenty turns to the inch, whilst the sitcw threa<l T causes tlie 
travelling socket H to move in the reverse <lirection at the rate of 
tweiity-jive turns to the incli. Tlie coiiihiiied eli'ei't, therefore, of 
taming T) twenty revolutions is to raise or lower T, and with it the 
body-tube \tb of an inch, or j||„tli of an inch for each revolution. 
Tlie spiral .s[)ving below H keeps the hearings in close contact. 

Of course any desired speed can lie attained by proper combi na- 
tion of the tlireads: thus 62 and 60 would give of an inch 

for each revolution, and 61 and 60 would give ,i 3 ,,th of an inch, 

This screw ha.s jirovided for the Continental model what Swift’s 
vertical lever lias done for the Jackson model; Mr. Baker, of 
Holhorn, has adopted it ami with viaw satisfactory results ; for it 
lias passed through that most crucial of tests for a tine adju.stmcnt, 
its employment in photo-microgi-aphy, with excellent results; and 
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we hoi^e tlijit it in;iv become the general fine adjuscineiit, for this 
f(n-m of microscope iii place of tlie fonn of aireet-antiiig screw. 

In contrast ami comp:a'isini witli C{anpl)eU’s diflerential screw 
M'e mav put tJie jiriuciple on which the usual simplified constiaietion 
of the fine adjustment of the Zeiss stands rests.* ^ In fig. 127 the 
triamndar har'C is screw ed firmly to the stage ; on it moves a hollow 
pic'CtAh \vliich is connected iuseparaldy Avith the arm A carrying the 
tilin'. At its upper end C is cut away for about 15 mm. and li 
hollowed out at a corresponding place so that space is obtained for a 
sjtiral sprin<;. This spring Invars below against the hollowed-out 
part of Ih its n[)per t'lid lieing connected Avith the })r()ject.ion.s of tlie 
piece E screwed into C. The piece li is cIosimI above by the cap F, in 
wliicli is the female sia-eAv. On the top of the miiTometer sei'CAv is 
fitted a l)(dl-slia]>ed liead. and at its loAvcr end is a small nut for 
jireveiitiug over-screwing. Tlie ioAver end of tlie screw is rounded ofi‘ 
and bears against the fiat surface of a bard sti'ol cylinder let into E. 

Cleai'lv. when Avorked. the sercAV remains in the same place, 
bearing against 0. The female screw, on the other liand, moves over 
it, raising and lowering the tube carrier li A coiniected Avith it. By 
its own weight A 11 counteracts the rise and thus sujiplies the place 
of tlie strong spiral sjiriug formerly eni})l()yed. The Aveak spring 
here adopted acts in the snnu^ direction as the Aveight of A B, and 
sei'A'cs to assist the latter aaIicu the npjier part of the microscop, e is 
])lace<l horizontally. 

<)iir appreciation of all that is done by tlie great fiian of Zeiss we 
need not vidterate : it is well knoAvn ; but our opinion of tlu' form of 
siaml adopted Iia' tbe.se opticians we freely expressed, and we believe 
justified in the last edition of tlii.s book ; but it is well to get the 
octillion of uiu' Avho with practical knowledge Avonld certainly not be 
prejiidiceil against the L'untiuental stand. Dr. 11. E. Hihleliraiid 
says - tliat in teaching establislimeuts, Avlnua' a.s mauv as two 
hundreil mievoscniies maybe ii.seil, the weak, points of the Contim-ntal 
stand are soon brought to light. The fine adjustment scvcav soon 
hecoines nuste.ady (an inevitahie cniiseqnenc(> of the Aveight .so tine a 
screw has to ('any), the prism suffers bending or I'otation, the }>nsm 
llaiige or tla hinge-block undm- the oliject stage hKistais its eoiinec- 
tinu w ith tlie stage plate, A'c. Ac., all of Avhicli and nnuh more, as we 
tielieve, is the vesidt of the adajitation of a simple and primitive foim 
to complex appliances for whicli it was never designed or intmidial. 

It is. however, an admirable cbaractei’islic of the firm of Zeiss, 
that while tliey adhere doggedly to the old Continental model, they 
a)-e eoiitiuuon.s]y putting forth their ingenuity and skill to counter- 
act what :n'c slioAAn to la* its detects. In their Ix-'st usual foian tin* 
sjiecd of tile line adjustment is , , iucli for eacli reAolution of the 
milled lu'ad. This i.s undoubtedly t(x.) vapid, but it could scarcclv be 
made a finer screw, because, as we have s(‘en, it bad the coarse 
adjustiueiit and tube to lift, and the Avear and tear on so fine 
a thread in constant use led to rajiid failure. But the firm has 

' Tliis fonii was introaucea ia Issfi, uad was a great iiniiroveineat oii its ure- 
uccessur, wliifh was mechaiiiCii.Uy tatl V/rlf tssa p mr>l 

' \ii.\isi).') pp, urj~r,L -'f 
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■ . I „,i n vfi v but very remm-kuble muilification of their 

'fi! ‘.'u liustu;ent wim-li is i.Ve.ule.t 'to obviute both tiie above defecte. 

I ' model ostensibly constructed for photo-microgruph.c 
mr|««.s. but if successful will speedily be applied to all then- stands 
The entire inicioscpe is shown in fig. 1 28 while a vertical section of 
the fine adjustment is presented in fig 129, and a ground plan of 
• siuiie 'in 130, A point which seems to he considered of 
inmortmice to ° ome dermnn microseopists is the proton of a 
l,n file bv nieuns of which, the iiistnmient may be readily moved, 
.nul wilh'tbe provision of this the usual large milled liead cuiitrolimg 
tlie line afljnstment has been displaced. This is shown at H in lig. 



1 28. But with the accomplishinent of this there wa.s a great desire 
td bring about what we have so often endeavoured to show was an 
indispensable necessity in the beautiful production.s of Jena, viz. that 
the fine adjii.stment should not liave the burden of carrying tlie 
coarse adjuslnient and the tube. They have not succeeded in doin^ 
tliis ; the weight of the coarse adjirstment and tul>e is still on 
the fine micronieter sci'ew. They have dimini.shed the weiglit 
that 'the fine adjirstment has to support by making the iKidy and 
draw-tube of abiniinium. The fine adjustment is placed close behind 
the coar.se one. both being fastened (piite independently, so that in 





THE FINE ADJUSTMENT 


169 


tiie (ibject holder can be made to receive, and the oiitical iippa- 
' .m-iniBed to examine, preparations ot almost aii\ requiied size. 
To accomplish this H (fig. 128) is made holloiv, and m place ot 
,1 , nsiTtriaiigiilar ‘ conductor ’ of the fine ad|«stment, a swalloM - 
a hVned slide F (figs. 129, 130) is placed, the upper part ot which 
T :uXl out to receive the spiral ^ring U (fig. 129). The hover 
.i-irt of this is also hollowed and conceals the long box which Keen (s 



the imcrmuetcr screw M (fig. 129). The pres.nire ot the spira 
s|.rin<> is in the ilirection of the axis of the microineter screw, win h 
w'orks against a hardened point shown at I», fixed on die dnrt-t.gh 
uader-cover of H (fig. 128). fins ' condnotmg slide h (fag. I-d) 
is finiilv .screwed to the part carrying the coarse adjnsfment, and tlm 
alorainium tnVie T is connected in the usual manner with therackvua^ 
To avoid what appears to have been considered a peril in he 
exposure of the milled liead carrying the fine adjustment screw in the 
usual of 
Zeiss stand, Dr. 

(Jzapski caused the 
fine adjustinent tv 
be placed in the 
linllow of the up- 
right H (fig. 128), 
so that the screw 
itself is complete- 
ly removed from 
tlirect contact with 

the hand ; the » . . ..onx 

turning of the Fio. UU.-Keichert's now paloul t'ver fine adjusstmeiil 

‘micrometer’ or , , i xC nwWimi nf 

(. 1 * A 4 . nnlv takes iilace hv means ol tne motion ox 

tss,. i:”i. ifw fti o. .'■I rm 

.■lalless screw E ((ig.,130). 
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rather supplants the usual milled liead ordinarily placed at the t,o]> of 
H ( fig. 128). One eoiisequenee of tin.s ia that the speed of the fine 
adjiistineut is slowed down so iiiuelithat while ;ieiss .stands of tl 
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That this is an advaiitag(‘ of a vei'y higli or<l(ir— if e.\]K‘i‘ieiJoe 
proves it to he a practical met.! lod— there can he no douht. More- 
over. the weight which this newly arranged micrunuTer ,s<rew lias 
to lift is, as the firm informs us, only one-fifth of that u Inch was 1 xa-ne 
hy the older form, and there are special arrangements made to pre- 
vent this delicate coustriu'.tion from being overserewed either wav, 

The mechanical stage of this micros(‘ope has some features worthv 
of note, Jt will be seen tliat the milled heads which woi'k the st;n''o 
are on Turreirs plan, luit the outer hea<l gives transverse Jutjvement 
to the .stage plate instead of verti- 
eal movement. The pitch of the 
screw on this ]>inion is fine, so that 
the motion is slow. The vertical 
iiioveiueiit which is actuateil hy th.e 
inner pinion liead is on altogetlicr 
a novel plan, hlie motion is one in 
arc. this stage plate Ijeing d 
(111 the left-hand .side ; the circular 
portion on the right-hand side 
lias rack teetli cut in it into which 
a pillion is geared. This pinion 
iias a. tootlied wheel fixed to it. 
which engages an endless sci'cw 
attached to tlie ])inuni that carries 
tlie inner pinion liearl. 

The speeil of the object at tiie 
centre of tile stage is alinut half 
tliat of tlie rack, iiecausc the 
niiject is placed about liall’wav 
lietween the rack on the right and 
tlic pivot on the left hand side of 
the stage. 

The stag*^ is c<incentrie with 
simple non-mechatiical rotation; it 
call he clamped in any desired po- 
sition by a small screw at the side 
of the stage (not shown in the 
ligure). 

Me inav now desci'ilie tlie ex- 
ceedingly simple, and as we think 
heaiitilul because essentiall^' jirai' 
tical, fine ailjustment invented hy 
Heichert, winch wc helie\e will 
[irove itself the most useftd and "tnUfnt fiiifailjus-tuHau 

conservative adjunct ever devised ' 

to make, the Continental stand of service for high-class work with- 
out increa-siiig its exiieiiseor leducing its value in ordinary work. 
It consists in a<laptiiig in a ^ery ingenious maiimm a lever of the 
second order to the usual direct acting screw. It will be seen l*y 
%. h'fl, wliicli represents tiiis part of tiic microscope open at B 
and closed as in use at A, The micrometer scivw presses on two 
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levers, li, K wliieh in turn jiress the Arched piece with its iippeiidix f 
on to tlie prism support. The principal screw has three threads 
to the millemeter, wliich by the levers is reduced by about one 
third. The pointer for reading the inici'ometer scsile on the 
milled head is con \'eiiiently arranged .so that it can be clianged toany 
figure on the scale. The speed of the adju.stment is .->-}-yjt^^ H^t'h to 
one revolutioji of the milled head. 

We may now profitably consider the best forms of fine adjust- 
ment that apply to the Lister model, anil one of the steadie.st and 



Pig. 103 (1885). 


most delicate of these is that devised bv Messrs, Watson and Sons. 
The entire body is raised or l(n\ ered l,y means of a milled liead fixed’ 
to a .screw ]m\-ing a liardened steel point, acting on a lever with 
hardened and highly polislied contact surfaces, again, st a point 
|dta_ehe<l to tlie iK>dv-slide, in a perfect dovetailed' fitting, about 
-a Indies long. This is seen iii the seefion .shown in fig 132 Hv 
turning the milled head fhe hard steel lever H, uhich lias its fuleriun 
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;it. C, raises or lowers the body witli great smoothness and with tlie 
<o'eat delicacy of j^l oth inch for every revolution of the milled head, 
Mild therefore capable of yielding good service with the highest power 

objectives, 

yVe may now direct our attention to the/orr/iero/^/(!.(j Deo 
into whicli we have separated the various kinds of fine adjustment, 
viz, that in wliieh the nose-piecti oultj is miirolUd by the adjustment 
>crew. 

Sirift's rertkal side lever is one of tlie new forms of fine a<]just- 
uieiit worth)" of careful trial ; it has in it elements of great merit. 
It can. however, only be applied to the Lister model, and with the 
adjustment described above certainly places tliis form of microscijjie 
bevond the danger that some years ago imomised to have pi'oved its 
extinction as a first-class microscope.^ 

The first form of this adfiistmeat (1881) was sound in jirincijdo and 
ingenious in construction, and although the patentee introduced a 
modification of it (1885), we believe tlie original form, which he .still 
makes, to he the Ix-ist, because it only acts on the nose-piece while tlie 
modification acts on the body-tube. 

The earl)' form employed by »:>wift avoided wliat had been a .sheer 
necessity of all successful fine adjustments of this type. viz. llm 
accuracy and jierfectioii of the fitting of the nose-piece tuhe. This 
was done, as sliown in fig. 133, by attaching a vertical prism-sha[)eil 
bar, -A, to tlie iiose-piecc, and sliding this in V-grooves in a box 
at tlie back of the body. A horizontal micrometer screw with a 
uill]e<l head, F, acts on a vertical bent lever, 1), on which a stud, K, 
fixed to tlie [irisin liar bears. 

Tliere is also an adjustment for tightening up the pii'isni bar in 
the V-gi‘(Kives, B B. Side-shake and Moss of time’ are impossilde 
witli this fiii'iu of adjustment ; while the power to ‘ lighten up ’ liv 
means of tiie ca[)stan-hea<led screws enables wear and tear to bo 
(•Dili pensa ted. It i.s obvious that the slowness of the motion is here 
controlled by three factors : (1) the length of the level', k); (2) the 
distance of the liftiiig-stiid, K, from the jiivot or fulcrum ; and 
tlie pitch of the screw-tliread on F. 

Manifestly, where a lever tine adjustment such as this is 
employed it should be, as it now always is, placed on the left-hand 
side of the operator : we can readily focus with the left liand. and 
leave the riglit hand free for moving tlie slip and effecting other 
iMljiistments. A inbi -dexterity is not at present a common gift, and 
to have the riglit hand free is important. This was pointed out bv 
ill*. Nelson ^^■hell this tine adjustment was first introduced, ami he 
had a student’s microscope constructed with the micrometer milled 
head on the left side, as in fig. UTl. It is manifest, however, that 
it would greatly ini}U'ove this adjustmeut if the screw-pinion 
were canieil right through and a milled head placed on both the 
right and the left sides of tlie body. 

An early form of a msf^-piece-controlkd fine adjustment was em- 
ployed by Andrew Ross. It was applied to a microscope having a 

1 Jotmt. It. MX (im) )\ 297, fig. 43. 

^ Jours. B.M.S. (iss’i) p. 120 and (ISSt) p, 1043, fig. 207, 
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bar ]iK)\-einei)t. Tt consisted of kver of the second order inserted 
irithln the bar, and actuated bv a ]iii(‘roinetei‘ screw with a milled 
head at one end, the fulcviim l)cing at tlie other, and the nose- 
piece l)etwoen them. This served admirably in the days of low- 
.amded nbioctives ; but there were two faults belonging to it : one 
was that the tul)c of the nose-piece had not a sufficient length of 
l)earin<^ and was Haide to a lateral sliake ; the other was that the 
adjustment .screw, being near the middle of the bar, involved tremor. 

The application of tliis principle in its very highest and most 
perfectlv practical form was invented by Powell. His in.struinent 
also had a Itai' movement: but the Viai' being of I'clatively gi‘eat 
length, he einploved a lever of the first ordri\ tlie niieronietemscrew 
heing atone cjkI the iiose- piece at the otlier, and the fuleiann between 
them. The ratio of fhe arms of tlie lever wa.s 4:1; and the screw 
is so arranges! that a complete revolution of the milled head is equal 
Jo the ]K)s{tion of the screw is immediately 

heiund the fuvot on which the har turns, and this preclnde.s the po.s,si- 
bilitv of the ijupartation of vibration to tlie l)ody ; and, as the nose- 
}»iece tnlie is very long, ami oid}' lieais on three points at either (md, 
tins a<ljn.'^tinent is the steadiest, the snioothest, aiirl the ino.st rclialtle 
for all objectives of any of the scv(U'al (ku ices which have come before 
us during the la.st twenty years. In fact, this tine adjustment has 
held an unrivalled ])osition for the past fifty years (fig, l.')7). 

The fine atljnstiuent that was employed as its rival on the earlier 
foritis of the Lister model was known as the s]iort-s\dc lever, and 
it was soinet lines employed in the commoner bar-inoveinent micro- 
scopes, Its position and cliaractei' 'will be seen on tlie right-hand 
side of the body of the 8ijiith model, fig. 122. In th(> light of 
what we now need, we are bound to say to the intending pur- 
chaser of a microscope. 'Avoid it;’ it is bad alike in de, sign and 
const cnctiou. Tlie s(■l•e^v is so placed that ti-emur is inevifaiile in 
tlie liody when it is touched, while tlie nose-piece tube is .<o short 
that .steadiness of iiiovement do(>s not lieloiig to it. It is onlv that it 
was concurrent with the belief in 'low angles,’ and conseipient ' pene- 
tration ’ in. objectives (with wJiich no critical work could be done), 
that it is possibh' to account for the Tcaeratioii for .so long in luim 
tiers of English inic]‘osco|)es (if this ivliolly inetlicient a<ljnstment. 

From the foregoing Ave learn that tliere are tlirc'e tyjies of micro- 
scope models for wiiicli a suitahle fine adjustment has heen found. 

i. The bar movement model, for Achicli PoweH’s first or<k*r of 
lever is tlie perfect method, 

ii. The Lister ino<lel, for AAhi(‘li Swift’s A'ertical lever and 
Watson’s long hori;^outal lever are the best forms known. 

iii. The Lontiiieiital model, for wliicli (AmipbeH’s differential 
screw is the most smooth and delicate device ytd snggest(Ml, unU^ss 
w-e take into consideration the Ix'autiful lever fine ' adjustment of 
Ueiciiert, 

I he full value of delicacy in tlie fine adjustment can of course 
only he fully a])preciated by the expert. A 'toleralile speed may h(^ 
permittecl in this adjustment wlimi uncritical images with .small 
illuminating cones are used, because objectives .so used are far less 
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to focal adjustment. When, however, a critical image is 
(htai'ncxl with a J cone the conditions are changed and an ohjecti\ e 
vith a wide apei'tore becomes excessively sensitive to minute focal 
(Iterations. Hence the need with the Idghest class of micro.sco[>ic 
iu\'esti<^ation of at least as slow an action as can with safety to the 
uiechanlsm he .secured, and therefore conies out the danger of 
liurdening the screw of the fine ailjiistment witli a fraction of an 
r.uucc of lifting more tlian can be avoided. 



So far as we CJin ascertain tlie speeds of the several fine adjust- 
ments now within the reach of tin* worker, tliey are ns follows, vix. : 


Bansoh and Loml> .... 
Rcicht’it (old form) .... 

Zeiss (01 dim 17) 

Powcdl 

Baker and Swift (Campbell ditTerentinl sou 
Beichert new patent .... 
Swift vertical lever .... 
Watson’s lonji lever .... 
Zeiss’s new endle.ss screw ar ran cement for 
pboto-mierojivapliic stand 


Specil f.r one revolution of tlie 
luilli'il ln-a<l in fraction 
Ilf an incii 

-y^t=^two threads to 1 mm. 
;:’-th 

YiVr^t = four threads to 1 miu. 

ninth 

.l-th 

,i.th 


W . The stage of the microscope will next call for con.sidera- 
tion. Wliat is known as a mn'htoiicfd 6‘iaije must he n part of every 
first-class micro.scope ; but by this we mean one of perfect work- 
iiiaiiship and cim.struction. otherwise it is an impediment and not a 
help. 

To this end we would .siy at the outsfd there must he thoroughly 
well-made moveineuts, The employment of levers, cams, and that 
class of stage gear is in j'l'actice. for criticid purjioses. a mere 
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meclifiiiical mockery. Better trust to and educate the fingers to 
move the object than be be^^niiled by any such practically tormentin<»- 
delusions, Tlan' are siiii])ly iin]iossible as aecoinpaiiiments of a 
first-class microscope, 

The princii)le upon which alone a perfect mechanical stage can 
be constructed, .'^o as to v\'ork smootlily without Mo,s.sof time ’ <and en- 
dure constant use without failure, mu.st 
be the employment of prism-shaped 
plates sliding in sprung V-shaped 
grooves, and bearing only on four j)oints. 

We may test the mechanical qualitv 
of the iiau'ement.s of a stage, as in the 
case of the coarse adjustment, bv re- 
moving the parts, cleaning them, and 
replacing them, when they should work 
smoothly and ^^-ithout shake. Where 
tlie sliding parts are tiglitened into 
easily fitting and merely plouglied 
grooves by pressing tiio pillion into the 
rack,^ the desii-alde result of smooth 
M oi'king and instant responsiveness of 
sliding plates to milled lieails will not 
present itself. 

But besides tlie pei-l'eet .-letion of the sliding parts, a perfect 
Miechamcdl stage slimd.l have equtd speed nf motion m-tiadhi und 
ImnoonUdhi. A (•01111,1, ill fault is that the speed ot the I'ackwork 
pviiig vertical nioti™, is greatlv in excess of that of the screw <dvi>i., 
atei-al or horizontal iiiotiou. If. for example, a pinion l,as"’pi,dit 
leaves and the rack it works lias tweiitv-foiir teeth to tlie inch, then 
three, turns ot tl,e nulled liead (and pinion) would cause one inoh of 
movement to the stage. I,, order, tlierefore, to get the .same rate of 
m<,vement in tlie lateral motion, tlie .screw slio.fhl he .so pitched as 
on J- to move tlie stage tliroiigh au iiieli witli tliree revolutions of tlie 
milled head. 




Fic. l;;?s I'lsys). 


It i.sn,ost,Iesiial,leth,itMcyif,im,is.,/mi,W },s not n,„v-d,le 

^yh t m mm ements of the stage, and the ouUed Ld inwi o e 
loim i.s that ot iurrells, de\'ised in \ 
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motion, iijs well a.s the separate recUingular ones, and gives great 
facility for instantly protliicing any motion required without remov- 
iog the hand from its position ; a jnost desirable attribute of a stiige 
when the rapid movements of a living and minute organism are 
l>eing followed. 

It still further enhances such a stage if a pinion is (^^irried right 
tlirough the stage wdth a milled head at each end. 

A new stage devised by Watson has in it some features of interest, 
;i principal one being that the milled head controlling the horizontal 
movements is in a fixed position ; in other words, does not travel 
with the plate. This is shown in fig. 136. A is a ball upon which the 
turning of the screw takes place ; it will be noticed that this ball has 
a gi-oove in it into which grease or (hist can drift without affecting 
the motion, The cap B covers the ball wdicn fitted together. The 
manner in wdiieh verniers are fitted i.s shown at I), D, and the screw 
for adjusting the vertical rack movement of the stage is shown at C. 
Kig. 1 37 show^s the manner in which the plate E is attached to the 
stationary screw; while fig. 138 indicate, s the careful manner in 
which this stage is sprung to counteract continuous wear. The saw- 
cuts shown are compressed by means of screws which are situated at 
file points F F, G G, and any amount of w'ear can be correcterl by the 
use of these screws in these slots. 

The aperture hi the stage should ahoays he large, not less than 1 J 
inches in diameter. There ought always to be space enough above 
the oi’dinary slip when it is in position to permit of tbe easy inser- 
tion of the index finger, for by its proper use, focussing with the 
highest |X)W’ers may be greatly facilitated, Tlie object is to raise or 
lowTi* tlie slip, as the objective approaches the object, so as to dis- 
cover lioiv neai'ly it may be to cotitact with the front lens of a high 
poAver in approaching focus. The focal distance should alw ay.s be 
felt, and not sought with the eye. 

Let it 1)0 sup|K>sed that we are using a, dry object-glass with a full 
aperture, and consequently shoi't working distance. AVitli the right 
hand the coarse adjustment is worked ; with the elbow of the left 
arm on the table, the second finger of the left hand I'esting on an 
immovable part of tbe stage, wbicili steadies tbe wliole hand, the 
index finger should rest lightly on the edge of the slip, and the 
thumb be so placed as to graze the objective as it atlvances towards 
the slip. The touch of the thumb indicates Avhetlier the objective 
is an inch ofi' or only a cjuarter of an inch aAvay from the cover of 
the slip. The movement of the coarse adjustment may he rapid up 
to |th or 1th of an inch, but after this there must be a cautious but 
steialy advance. The body may be racked down until by gentle 
upw'ard movement the slip is found to touch the front of the objective ; 
then proceed cautiously by delicately lifting the slip from time to 
time, by doing which we can proceed in perfect safety until tlie fixnis 
of the object is obtained. In this wav focussing l)ec('>mes ea.''y and 
rapid, a matter of touch, and not of di.'-icontinuous procedure to 
Lliscover wliere the fi'ont of the lens is’ — a search requiring a hand 
glii.ss and often, with its ciunbrousness, considerable loss of time. 
The aV>ove simple plan with brief {>ractice will enable tbe operator to 
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focus an object in the field \vitli a ^h-inch objective in ten or 
twelve seconds. 

If a perfect 'tmchmiiml staye cannot be obtained, take no middle 
course, have a firm, ‘well-made jylain one with a smoothly sliding ledye. 
The stage should be large, and the ledge should glide with perfect 
(\ase and without catching when gently pushed from one corner. For 
tills purpose the side-guides should be long, and only the ends of the 
]);o' should bear on the stage. The aperture should be as in the 
jiiechaiiical stage, and for the Siuue rea.sou. 

Mr. Xelson suggested a stage of large size, which should have a 
llj or 1| inch aperture Ixired in it, and tlien have the intervening 
hrass between it and the front taken awjiy, so that tlie stage 
assumes a horse-shoe form. This is thoroughly efficient, and the 
priiicijde i.s seen in fig. 134. 

It is a matter of gi’eat interest to English microscopists to note 
that tlieir German collaborate urs in Germaiiv and the leading 
German makefshavc not only surrendered to the sub-stage condenser, 
and even in its achromatic form, but that at length they have also 
adopted the mechanical stage; the latest form adopted by Zeis.s is 
figui'ed in the accompanying illustration wliich .shows the complete 
instrument {fig, 139). \Ye specially call attention to it liere. as it has 
Tnrrell head.s, marked H V, and a rotating stage of 4 inches diameter. 

It must, however, be note<l that the usual Continental model 
adopts a smedl staye with a ^-inch aperture and two fixed spriny 
clips with no sildiny ledye] tliat is, wanting almost evervthing 
required to do good modern work. 

One of the most practical rules for the young micro.scopist in 
this relation is, ‘ Have your mounted slide in a fixed position, hut 
never clip it if it can possibly be avoided.’ 

In addition to perfect rectangular movements a fir.st-class 
microscope should liave concentric rotary motion to the stage. This 
is usually effected by rack and pinion, but it is at times desirable 
to move it with greater ra[)iditv than this admits of. In very well 
uiade instruments the pinion engages the rack so lightly that thi.s 
rapid motion may ea.sily be given to it. In others the pinion can be 
disengaged and vapid movement effected. 

The centre of rotation of the stage should bo closely approximate 
t<.) coincidence with the optic axis, so that in rotation the object 
should never be out of the field when a fairly high power is used. 
Elaborate rectangular (‘entring gear has been used by some makers, 
and is found in some high-class instruments; hut this is not needful, 
for all that i.s really required is to rotate an object without losing it. 
lu fact exact centring would liave to be readjusted for every separate 
objective if it w'ere needed. But any slight departure from the 
a.xial centre can be much more readily met by bringing the object 
into centre by the meclianical stage. 

There are four movements in every microscope vdikh should be 
’jraduated: these are (1) the milled head of the line-adjustment 
screw; (2) the .stage movements for finders ; (3) the extension draw- 
tulie carrying the eye- piece ; and (4) the rotation of the stage. 
IHvided arcs are imposing, and to the multitude look ‘scientific;’ 



l8o THE HISTORY AND DEVELOPMENT OP THE HICROvSCOPE 


blit in practice tliey ace superfluous in the most complete instrument 
Ijeyond those indicated. 

I'liere is a simple form of attachable mechamcal stage now em- 
ployed by many, and we think with advantage, when the cost of a 
complete mechanical stage must he forgone. This consists of a clip 
to receive the object, made of glass or ibr^iss, so arranged that the 
friction shall be reduced to a minimum. 

. Such an attachable stage can be made to work with remarkable 
sTiiootliness ; and since some persons have not sufficient delicacy of 
touch to move so small and thin an object as a 3 X 1-inch slide upon 
the stage with steadiness and precision, it is in favour of the super- 
stage that it is larger, moves easily, and can be furnished with 
convenient points of hold-fast for the hands, and consequently is 
more manageable. Against its eiiiph) 3 nnent is the ffict : 1st, that 
tlie slide is clipped into a rigid position ; and 2n<Uy, that the aper- 
ture is often too small to admit of the employment of the finger in 



Fio. 140.— Swift’s attachable mechanical stage (1894). 


Trioying the slide to assist in rapid focussing. But these are defects 
which are rapidly disappearing. 

Amongst those that claim the attention of the microscopist is 
that of Messrs. Bwift and Son, .shown in fig. 140. It can be adapted 
to most microscopes ; it is easily applied and removed, leaving the 
stage, if rei pored, free. The up and down motion is effected by a 
muled head below the stage. The lateral movement is produced V»y 
two endless .screws engaging in worm-wheels fixed to smooth roller.s. 
J he lower edge of the slide rests on these, and is kept in gentle 
apposition with them during traverse liy a third smooth roller at the 
tree end of a curved spring as shown in the figure. Tliis is readily 
turned asade when changing the object. In its mo.st recent form we 
have used this stage with comfort and pleasure. 

Another of these stages, nuade by Baker from de.signs by ^Mr. 
Allen IS shown m fig. 141, which in its latest form is so an'anged 
that the width of spice between the rest and the spring clip can l)e 
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enlarged so that a much wider pi‘e}>aration than the usual one incli 
niav be worked with gi'eat facility on this stage. The method of 
attachment practically makes the mechanical stage one with the stage 
of the microscope, as it is in contact with the fixed stage throughout 
its entire length, and is clamped at the lower end to the top, and at 
the upper end to the bottom of the stage. 

Both the rectangular movements are effected by rack and pinion, 
the vertical one of which carries a bar (fixed as to horizontal movement) 
n<niinst which the slide is pressed by a spring clip, and upon which 
is mounted the rack and pinion for the horizontal movement ; the 
end which presses upon the slip is tipped with cork in order to grip 
the .slide, and move it along the fixed bar ; when the milled head is 
rotated, the slide actually rests on two small raised surfaces at either 
end of the bar to minimise friction. This is without qiiestion a well- 
made pi*actical and usc- 
hil stage. Amongst 
stages of this kind, how- 
ever, the most origins! 
and useful has been de- 
vised by Mr. K^elson. 

As seen in fig. 142, the 
sliding bar has been 
slotted and a movable 
[tiece, wiiich inay be 
calletl the shuttle, ha.s 
been fitted in the slot ; 
this shuttle has a dia- 
gonal rack work at the 
btick, and a vertiwil 
sjural piiuoTi gears in it, 
as is shown in fig. 143. 

Above this pinion there 
is a horizontal l)evel 
wheel w^hich is geai'ed 
by friction to a vertical fk-,. hi.— B aker’s attachable stage (1898}. 
wheel fixed on the usual 

horizontal pinion. The cock which holds, and is close to, the vertical 
bevel wheel in fig. 143 is slotted underneath, a capstan-headed screw 
(not shown in the figure) is fitted for the purpose of compressing tliis 
spring part ; tlie amount of friction tetween the co])per be^ el wheels 
can therefore Ije regulated at will. This c;\pstaii-l leaded screw is 
placed some distance from the bearing, so that the length of the bai- 
between it and the bearing may form a stiff spring ; this renders the 
motion equable. It will be noticed, therefore, that ^ the trausvense 
movement is confined to the sliding bar. This sliding bar be 
removed so as to leave the stage perfectly plain. The heads ot the 
pinions wliich control the vertical movement lia\ e l^een kept below 
the level of the stage so as to l^e out of the way of culture plates. 
Three and a half inches of transverse movement is giveii to this 
stage, and the manner of the holding the clip is quite new and 
eminently serviceable. On the shuttle there are two sliding pieces, 
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and these hold the slip hy the two lower corners, ns seen in fig. 142 ; 
jind this mode of gripping allows for the employment of the iii- 
valnahle method of touch on the edge of the slide for discoveilng 
working distance and focus. A plain sliding bar may be substituted 
for the mechanical bar ; this forms a semi-mechanical stage as shown 
in fig. 144. The mechanical movement being only imparted to the 
lugs at the side of the stage, the bar may be moved by the hand by 
sliding as in an ordinary plain stage without the employment of the 
mechanical movement. 

The stage i.s of aluminium, and its size is 4i x 7 inches. 

Another attachable stage having many atfvantages is made by 
Reichert and shown by fig. 145. It can be used with any instrument 
of the Continental type, is very carefully made, an<l the scales 



Fig. 145.— Reichoi't’s attachable stage. (.\boTit half natural size.) (189*2.) 

attached are divided to read by mean.s of a vernier to O' 10 mm., and 
the range of movement is an inch in both directions. 

An attachable mechanical stage is also made by the Bausch and 
bomb Opticiil Company of Rochester, Xew York, having great 
merit and .some sjiecial points; and this firm is in. advance of all 
other makers that we know of in making an attachable revolvhig 
mechanical stage. 

There is much similarity to the American Diiechaiiical .stage in one 
made by Carl Zeiss and ill ust rated in fig. 146. Of course the principle, 
as primarily in all the others, is that suggested by the late Mr. lilayall, 
and afterwards by Reichert. Two sliding pieces, mounted at right 
iirjgles to one anotlier, are moved by means of two milled heads, S, T. 
Tliey pass along millimetre .scales winch serve to record any particular 
position. 

The demand for these attachable stages is, we presume, consider- 
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able, for t\wv nro mode bv most leading opticians. The bust mechanical 
staire we ilhustrated is i)y Messrs. R. k J. Beck, which is illustrateil 
in 147. It has vertit-al rack and pinion and horizontal screv 
motions with graduated finer divisions. 

To IM'essrs. Baiiscli a ml Lomb, liowever, we are indebted for the 
introduction of an attachable stage in which the iris diaphragm is on 
the [jlanc of the stage. We illustrate this in fig. 147a. Its use witli 
a. condenser we do not commend. But especially when the illnniina- 



Fio. 146.— Zeiss’s attachable mechanical stage. full size.) (1893.) 

tion is ilaylight, and very critical results are not sought, it will be 
useful, and is admii-ably made. 

V. The sub-stage is .scarcely .second in importance in a first- 
class microscope to the stage itself. It is intended to receive and 
enable us to use in the most efficient manner the o[)tic<il and othei' 
apparatus employed to illuminate the ol)jects suitably with the 
various powers found needful. Upon this much of the finest 
critical work with the modern microscope depends. 

To accomplisli this a good sub-stage must have rectangular 
movements, and a rack -ami -pinion focussing adjiistment. 
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The vertical ainl^ latei'al lucn ements need not be as elaborate as 
those of the stage, ^since only a small movement in each direction is 
vi^quired. The object is to secure a centring motion, a motion that 
will make the optical axis of the sub'Stage combinations continuous 
vcitli the optical axis of tlie objective. It ninst therefore be a steady 
uiotion; the sub-stage must move decisively, and must rigidly re- 
laain in the position in whidi it is left;. 

A Ixid sub-stage moves in jerks, and is liable to spring from the 
jiosition intended to be final. 

It is not needful that the motion should be in right lines ; 
in arcs whoso tangents inte/csect at rhjUt angles .are quite as 
vtlicient. A steady, even, reliable motion that will emdde a centre 
io be foHud is all that is rerpiireil. 



FiCf. 147, — Back’s mechaulciil litlachable stfigp (1896). 


The focus.sing adjustment must he smooth, steady, and firm, acting 
readily and remaining rigid. The recent employment of achromatic 
coiidensera of wide apertures has led such critical workers as 
^Ir. E, M. Nelson to suggest a fine adjnsinieut io the sub-stage. 
lliere are times when it is a great luxury and a facile path to 
delicate and desirable results ; but it may he quite simple, a direct- 
action screw of fine tlii’ead, or a cone which the revolution of 
a screw pushes liorizontally forward upon the bottom of a sliding 
har to which the Sub-stage is fixed, or an inclined plane acting 
m a slot in the same way. In fact, any simple device for focussing 
the condenser more sIo^^■ly than the rackwork will do, jmshiiig tlie 
cjuidenser up to, or causing it to recede from, the under surface of 
the slide with sulficient delicacy, Kut no means should be employed 
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for this end whicii will imperil the absolute finm^^ssoi the sub-skge, 
or else more will be lost than can be gained. The need of such a 
device for the most delicate and critical microscopical work is shown 
plainly by the fact tliat during the past few years several ingenious 
Ld pVactical devices have been used, nearly eveiy principal Eng 
li.sh maker employing a method of his owm. The finst arrangement 
was made in Powell and Lealand’s sub-stage and is shown in fig. 148. 
The nature of this devi(‘e, whicli was suggested by Mr. Nelson, will 
be readily understood. It does not interfere with the general 



Fig. 147.i.~Atlacliablc stage, witli diapliragm in the plane of the stagy. Top 
view and cross scctioi showing construction of stage and attachment of iris dia- 
phragm. 

mechanical arrangements of the sub-stage ; it will be seen that the 
milled head A controls a screw sjindle terminating in a steel cone B. 
On rotating A, B turns, and with a very slow' motion forces up (or 
releases as the case may be) a pin U, inserted in the base plate E of 
the sub-stage. The motion of 0 canies with it the condenser. At 
right angles to and forming part of E at the back an inner sliding 
plate works against a spring at the upper end between bearings E at 
each side, which are fixed ujjon the usual racked slide I> of the sub- 
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,w<ye ; the inner sliding plate is the essential addition to the usual 
i (cked slide, in the application of the new fine adjustment to the 
> lb-stage. The range of motion is alxjut ttli in. — the diilerence in 
1 idins between the smaller and larger end.s of the steel cone. 

A very simple and practical device for the same purpose was 
.uffgested by Mr. G. C. Karop, who knew that if the be.st possible 
losolutioms are recjuired, tlie image of the flame given by the con- 
(li/user should be as accurately adjusted in the focal plane as the 
(iltject itself. This arnmgement of Mr, Karop’s, admirably suited 
t(i the stands of Mes.srs. Swift anti Son, was patented by that firm. 
It consists in the adaptation of their well-known ^climax’ or 
• (hallenge ' fine adjustment to the .slide carrying the sul)- stage ; but 
it is actuated by a milled head borne on the sjandle to wliicli is con- 
nected the coarse rack motion. As will be .seen in fig. 149, it is a 
le\ er actuating a stud fixed to the dovetailed slide which carries the 



Fiu. 148. Fine adjustment to sub-stage. Fig. 144).— Karop’s fine adjustment for sub- 
Powell (1882). stage, made by Swift (1892). 


sub-stage. The extreme en<] of the lever is not acted upon by a fine 
screw, but there is a cylindrical pin one end of wliieh engages tlie 
point of the lever, the other the fiice of the inner milled head ; the 
milled heads resemhU the Turrell sbige arrangement, but the inner 
milled head ivorks on a screw on the stein of the outer milled head ; 
when the inner milled head is turned it traverses the stem of the 
outer oue, and pressure by the S-.shaped spring in the fig, causes tlie 
stud to slowly raise or knver, as may be desired, the sub-stage which 
carries it. One complete turn of the inner head presses the sub-stage 
the in, So that small fractions of this may be easily obtained, 
and it i.s nn advantage that the milled heads of both movements 
are so (dose to each other. 

Messrs. W. Watson and kkms liave also devised a useful arrange- 
ment to .serve the same end. As applied to their Yan Heiirck 
micrascope it is shown in figs. 150 and 151. A is a controlling 
milled head, B the lever which is seen from the side in fig. 150 
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and from tlie front in fig. 151. This is brought round at one end 
at right angles to the front. The fulcrum of this lever is at C, and 
it fits under the pin 1) wliieli is attaclied to a, dovetailed piece, having 
at the back of it enclosed in a metid casing the counteracting spring 



Fig. UO. Fio. 151. 

Watiion’s sub-stage fine adjustment (1S99), 


shown in fig. 151 ; when, therefore, the lever is depressed at B, tlio 
sub-stage is raised at D and vice versa. The milled liead A is placed 
at the side of the stage of tlie microscope toward.s the back slightly 
higher than the surface of the 
.‘^tage. 

The fine sub-stage adjust- 
ment of these makers as applied 
to their ‘ Royal ’ microscojie. is 
shown as it is in it.s complete 
form in fig. 152. 

Another sub-stage fine ad- 
justment has been devised bv 
Baker, which, we are of opinion, 
it will be of advantage to tlie 
student to understand. It em- 
ploys the differential screw, and 
by this means obtains a very 
Fw. l52,-Hub-&tRge fine adjustmeut com- movement. The Student has 
plete m ‘ Eoyal ’ microscope (1899), already understood that the prin- 

is the cuttimr 

of two thiead,-. ot a different ‘pitch,’ one at either end of the screw, 
he i>ro,«rtion of one to the other determining the amount of move- 

S * 'iT " >“ro ““f ™^)-stage fine ad- 

justment were 40 and 50 to tlie inch. In fig. lad tlie screw A 0 




THE SUB-STAGE 


189 


40 threads; to the inch, and works thi'ongli nn immovable fitting, 
(lie thread is discontiniied at C, and from C to D a screw having 50 
•direads to the inch is cat, working through a fitting E, If now 
ilie milled head P be rotated 40 times, tlie screw A 0 will have 
travelled one inch. So will the screw C D as it is cut on the same 
but it would take 50 revolutions of screw 0 1) to travel one 
inch through the fitting E, hence the fitting E must have been 
tarried up bodily the remaining 10 re volutions— that is to say, Ith 



of an inch— therefore one revolution raises tlie fitting E •.-> j',,dh of an 
inch. 

'Che fitting E is attached to the sul>sfrige G through a slot cut in 
the cover of the adjustment ; the cover is also grooved on either side 
to receive that part of the sub -stage H which insures the true 
vertical movement so essential with this screw. 

It is almost a matter of compulsion f.o refer lie re to a com- 
paratively recent arrangement knowm as a sirinyiiuj sxh-staye, which 
is, a« its name implies, a sub-stage so arninged as to be capable of 
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being moved laterdhj ovt of the axis in an arc whkh has ths object on 

Thf^^lc pm^pos^of tills is to secure oblique illumination, whicb 
r>i“icticnilv :it the time the swinging sub-shige was devised, meant 
ol)t‘iinin‘-‘'-i more oblique pencil than tlie condensers then provided 
could command ; and since this also meant sending into tlie object a 
snrill portion of a cone of liglit in azimutk many bix;itly assinued 
th it this alone was taken to lie ‘ oblique illumination.’ But whatever 
semis oblique light through an object into the objective is an oblique 
illiunin itor Two condensers may have nnmcrical apertures of 1-4 
and 1-5 respectively; a stop behind the Wk lens in each has a 
narrow sector cut out. representing the conditions of the so-called 
‘ obU(|ue illuminators ; ’ bvthe foimor we get an oil angle of 134° 10', 
bv the latter a similar angle of 161° 28'. Those sectors of the cone 
of li^dit of 67° 5' and 80° 41' respectively are in every sense 
‘ oblique il lamina tors.’ and tlie one more oblique than the other. 

Whether or not it is needful or best to use such a sector is 
scarcelv an oiien question ; it is manifest that by taking the stop 
with it^ sector awav from each condenser and sending in the CO 
co»c of Uijht formed hv the comleiiser, we arc still using oblique 
illuminators, hut the ohliquity is in all azimuths. 

There can be no doubt that a large a|)erture in a eomleiLser 
in-ovides the micro-scopist with for gi-eater wealth of resource than an 
oblique illuminator in one azimuth can ever give him. A condenser 
with an oil angle of 161° 28' is much more valuable than even the 
semi-auf^le obtained by a. mere section of a luminous cone. The 
power to utilise the entire cone is a gain of the liighest order. 

It will be manifest to all that wo want concentration as well as 
obliquity. 

Ordinary concentration depends ujwm the pomer of the comlenser. 
If it is required to concentrate the light from tlie edge of tlie flame 
of a parafoil laiiq) upon an Amphiphura pellucida, the condenser 
must be at least a Jth inch or 1th inch in power, wliicli will give an 
image of the flame nearly the same size as the oliject. The amount 
oflujht which is concentrated upon that object will of (*onrse de]>en(l 
upon the aperture of the condenser. An oliliipie cone of great in- 
tensitv is here what is needed ; tlie illuminating cone should be 
ecpial and conjugate to tliai which exists between the object and the 
objective. 

Now it is certain that this comlition cannot be met by an ' oblique 
illuminator’ of tlie kind commonly uiidersood by tlia* name; to get 
immersion cnutact, which is of course a sine q ua non, we must employ 
a hemispherical button — or one greater than a hemisphere — placed 
ill immersion contact ccith the under surface of the slide. This may 
be illuminated by a )ie<im from a dry combination, made oblicpie by 
the suii-stage being swung out of the axis. Granted that the angle 
is attained wliich eaii be got with a condenser of great aperture, we 
manifestly obtain only ;i portion, and an at leiiuate<l and small por- 
tion, of the light given in every, or at will any, azimuth by the con- 
denser. 

Theoretically perfect illumination of an objccdh'c, for example, 
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it Tth of N.A. I ‘4 ov 1-5, would be obtained by lusing a predsely 
daiilar objective as a condenser, with its back lens stop|)ed down bv 
slotted stop, the slot being of the size of the periplieral sector re- 
(pnred to be illuminated. The cone of illumination would precisely 
c-|ual that taken up by the objective, ami would be of maximum 
i>itensity. 

Xow these conditions are more nearly approached by ahi«h-c]a.ss 
:u-hromatic condenser of great aperture and of homogeneous eoiistnic- 
tion than by any other means. 

The valm of oblique illumination is not here in qiiestion ; what 
w e believe clearly shown is that, however much may have been done 
by oblique illuminators dependent on swinging sub-stages, and the 
like, the same things can be Utter dow, vdih mmerslon condensers oj 
lirmt ajKrtures and perfect corrections. 

The swinging sul)-stage, with these considerations— as well as all 
other ‘oblkjue ilhiminators ’ of its order— is a useless and defective 
not to say decejdive, adjunct to the microscope; and this judo-inent 
lias so far obtained amongst practical microscopists as to cause the 
virtual disappearance of the swinging suh -stage. It has no valid 
function — is unfruitful specialisation in fact — whicli does not pro- 
mote the progress of either the instriiment or the worker. 

Au(l this will apply to those complex forms of microscope known 
as •radial/ “concentric/ and tliose ]>rovided with stages that revolve 
or 'turn over ' in an axis at right angles to the optical axis of the 
iiiicTOscope. 

In addition to the features ennuierated hitherto, a complete sub- 
siaye should also be provided milk a rack-and- pinion, rotar/j motion ■ 
that is only really needed in order to use the polar iscope. For the 
puri)ose.s of its successful employment tliis is impoiTant. but otlier- 
wise its use is vei'v limitp<h 

VI. The mirror is also an indispensalde part of a complete 
microscope. In a Hrst-elass stand it should Ix^ plane and concave 
and from 2-^ to d inches in diameter. It may be mounted on eitlier 
:t single or a double crank arm. In any micru.scope, if there be 
only one mirror, it sbould be concave. This mirror, from its curve, 
has a focus, a point in wliich the reflected rays all meet ; and the 
iiiivi'or should not be flxed, but so mounted tliat it mav be foenssed 
oil tlie object. 

The plane mirror is sometimes found to give several reflexions of 
a lamp flame at one time ; we find a very eflieient explanation of 
tlieiii in a paper lyv Mr. W. B. Stokes in V ol . Yl. of the second series of 
the Journal of the Quekett Micro. Club, [). :k2*2 (1890). His idea oftheir 
origin is explained in fig. 154-. A istlieghess surface. B tlie silver 
.'urfiice, 0 the object, and E the eye. In the direction 1 , 2, 8 appear 
the first tlu’ee images. So. \ is from the glass surface, Xo. 2 from 
the silver, and Xo. 8 is fi’om tlie silver and air surfaces. 

Move a. card along A towards 1 , and Xo. 8 disapjiears first, Xo, 2 
iramediately after, and Xo. 1 wlien the card roaches that point. 
This being their origin it may be asked how the images can alter 
tlieir position when the mirror is revolved in the plane of A. They 
cannot ; the mirror A B ba.s parallel surfaces, hut mieroscoi>e mirrors 
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not oonu.letelv pn-allolised ; they mny be regai-ded aa wedge. 
With thlt it before ua we c=-,n see liow images approximate ^an. I 
retire wlien tlie mirror is rwolved. 


With that Let the" surfaces A and L. 

fi„. jr.o, hai-e an inclination ofP ; then, yiewing a small object at I- 


(cl().S 


to the eye), one image appears towaials l-i.e._at right angL 


to A — And anotlier in 
0 



the direction E 2, H" from E 1, which, aftt r 
being refracted to 1° in thi* 
glass, is rellected at la’glir 
angles from surface B. 

If this mirror is re- 
volved in the plane of A. 
of course Mo. 1 iiuagH will 

1 emain still, and No. 2 and 
subsequent images will in- 
volve with the min-di- 
I'caind No. 1. 

If we exaggerate tlie 
wedge shape of our miiToi*. 
we can see that at a par- 
ticular angle these images 
can he made to superim 
pose. In fig.. 156 let the 
signs ho as before, ami the 
images whose rays pa^ le- 
spectively from 0 to 1 ami 

2 * will be reflected to E ;is 
one image. The images 
varv in size owing to the 
\arious di.stanees. No. 2 
is the brightest except at 
great obliquity. 

In practice we find tliat 
these images may be ol)vi- 
ated by rotating the mirror 
in its" cell until a certain 
point is reached where all 
the images will be super - 
ini])osed. All mirroi'S should 
he so mounted as to admit 
of this rotation. 

d'he present Editor is 
greatly in favour of the on- 
ploi/DWit of a rectangului' 
prism cut witli care and })recision. We get by this means total 
reflexion and no doulde reflexions; and he believes Unit finer images 
can be obtained by its means than with the plane mirror. It may 
he mounted in the of the jdane mirror — that is to say, the 
concave mirror may bo as usual iu its cell — and in the other cell, 
which would have received the plane mii'ror, the rectangular prism 
may he mounted and he capable (jf rotation as the plane mirror 
would have been. 

It should, however, be noted that this applies only when the 
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light is requireil to ho reflected at an exact right angle. It is of the 
gretitest .service when the microscope is of necessity used in a rigidly 
upright iK»siliun. 

If it be used for angles other than right angles, tliere will l)e 
refraction as well as reflexion ; and as the necessary decomposition 
of the light into a spectrum will accompany the refntction, care must 
l)e exerdscal t(j see tliat the i-ays emerging from the prism are at 
right angles to tho.so incident to it, and that the arena of the square 
faces of the ])iism are sufliciently large to have inscribed within 
them a circle tujual to the back lens of any condenser used. 

►Some enqjloy what has been known as a ^ 'ichite dotul ilhmiimtor,’ 
that is, i\ tlisc of jdastcr of Paris, or opal glass with a polished 
surface. Put a <lisc of fi nely ground glass dropped into the diaphragm- 
holder of the condenser will give a precisely similar- result. 

Air. Alichael has, however, |X)inted out the curious fact that an 
opalescent mirror berouies an inexpensive and excellent substitute 
for -a polar i si an prism. 

Typical Bloderu Microscopes. — We are now in a position to care- 
fuily inspect the olairaoteristics of the cliief form-s of microscope 
whicii the modern manufacturers of England, the Continent, and 
America otier to the microsc-opist. 

We confine our.selv(\s to the chief models, indicating more or less 
sugge.stively their merits or defects. We neither discuss all the 
iiistvmneuts of any maker nor in every case even one instrument of 
.some inakei-s. lids would involve simple repetifion in the main 
features. The reader can couipare for himself tlie mici'oscope ofaiiv 
given maker from whose catalogue he proposes to select, and can 
discover l)y comparison uicidencc, or olheririse with the tifpe, 
ijirea here to vliirli it, corresponds. 


Kegiuuiug with the higdiest typos we place first on the list Powell 
ami Lealaml's Ab. I. This instrmnent may claim a senioritv over 
all the foremost iustTnmeuts, because for nearly fifty years "^it li.is 
practicall\' remained the same. All its principal 'features were 
brought to their }iveseiit perfection nearly fifty years ago, while all 
other microscopes during this period have been redesigned an<l 
materially altered over and over again. Thi.s is no small commenda- 
tion, for (iuviug tliat period, as the readei- so w'ell knows, the aper- 
tures of olijeclive.s have been eiuirmouslv enlai-ged, and with tlii> 
lias come a great increase of f(K-al sensibility. As a re.sidt the 
majority ()f tie' micioscope.s of forty years ago are absohitely usele.ss 
for the oiijectices i,t' to-day, but the focussing and .stage movennaits 
of Powell and Lealaiid’s micrgscojie still liold the first 'jdaee. 

Pig. lo7 represents tlie iiistniment in its monocular foj-m. T])e 
foot ot the .stiind is a tripod in one casting; it lias an extended }>a.sc 
ot 7 X9 indies, forming at once the steadie.st ami the liitlite.st foot 
of any cxtstiiig ma-iuscope. Tlie feet are plugged with cork, and 
when the body i,. Ill a Jiorizoidal position tlie' optic axis is (as it 
sliituhi be) ID inches from tlie table. ‘ 


_ The coarse adjustment is efi’ected hv a bar. cousistiim of a mas- 
sive gun-rnelal trniieated pi-isia in f i-m, which bears' only on a 
narrow part at the angles. It extends sufKeiently to focus a 
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t-inoh objeiitiv^e. The arm which carries tlie lK)(ly is of unusual length 
for the type it represents ; hut this gives a large radius from the 
(tptic centre of the instrument, and makes the complete rdhxtioii of 
rhe stage easy. (Ireat efforts have been made to iiccomplish this in 
other instruments. The older’ Ross foi-m from the shortness of tlie 
;)i‘iu only allowed of a two-thirds rotation, and in the Lister model 
oiaiiy different devices have been tried, the latest being the placing 
of the stage pinions in a vertical position above the stage, which is 
;iu unquestionable error'. 

The rotation of the stage in the Pow’cll and Lealand model is by 
means of a milled liead most conveniently placed, and the divided 
I'iiatle is on a plate of silver.^ It will also rapidly rotate by hand. 

The iirni is on a pivot, w'hich allows It, to be turned arvay fr'om 
l!ic stage altogether, and, as we have already indicated, the length 
of the arm lent itself to tire use of a longer lever for- tlic fine adjust- 
lueiit (p. 174). Tile milled head is placed behind the strong pivot 
of the arm, whej'C vibration is impossible, and it is in an easy and 
natural position for the access of either hand. 

The hodu may he, wdth great ease, en tirehi removed f rom the arm ; 
tills makes the use of the binoeular or iiioiiocular body or of a shoi’t 
or long lx)dy a matter of choice, while it gives access for deanljig and 
other purposes to the nosc-piece tirbe. as well as for tire insei-tion 
and focussing of the lens used with an apertometer,^ or an analysing 
prism. So also it is of service in low-power' photo-mierogiirjhy. 

^Ve have alreaily referred to tlie stage of this instrument ; 
but, it may be Irriefiy stated that it is large, has complete rotation, 
it lias one inch of rectangular motion, being ginduated to the j-^„th 
inch for a finder. There is the same speed in the vertical and the 
lateral movements, and the pinions do not alter their positions. The 
aperture of the stage is auqily large. 

The ledge of the stage has a stop placed on its left drain] 
side ; this is held by a screw, but is removable at pleasure. 
Two massive brackets under the stage remove all ]iossibility of 
dexiu'e. 

Thesah-sliuje lias I'ectangular movements Iry screw in either direc- 
tion, as well as a rotary movement liy pinion. The coar se adjnst- 
ineut is hv rackwork. and a f ne adjostmeat is ailderl when desired. 
Fig. 158 illustrates this .stage, showing its under side in order to 
enable the fine mljustmeut to be seen. 

The vertical and up[)ei' hnrixontal milled heads are centring 
screws, acting at right angles to each other, while tiro diagonal screw 
to the left is the milled Iread, which causes the stage to I'otate. the 
whole acting with great smoothuess and accuracy, also enahlmg the 
opei-ator to centre with complete precision, while, as wo have 
ah'cady seen {pp. 187 and llKr). the milleil head A woi'ks by an 
ailvanciiig cone the line adjustment to this stage. 

, The mirror is jdaiie and concave, witli double-jointed arm. 

The finlshaud workmanship of this instrument are of the highest 
order. The seen and the unseen receive ei[ually sci'iipulous care. 

' This is no'v niinlii of [iliitiuuin if clt’siivil, sind tlius taniish is obviattd. 

' Ctiapteu T. p. US". 

0 2 
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n’he present Editor hiis had one of these microscopes in constant, and 
often prolonged and continnous, use for over twenty years, and tlie 
most delicate work oui be done with it to-day. It is nowhere 
defective, and the instrument has only once been ‘ tightened up ' in 
some parts. Even in suck small details as the spi'inging of the 
sliding cli})— the very best clip that can be used — the pivots of the 
mirror, and the carefully spnmg conditions of all cylinders intended 
to receive apparatus, all arc done with care and conscieiitiousne.ss. 

An instrument of this kind may be made to appear perfect to 
the eye, but at the same time may lack some most important elements 
as a finished instrument. But this is an instrument of the highest 
order as such, and at the same time a very fine specimen of highly 
finishe<l brass work. 

A note must be made befoi-e 
leaving this microscope upon the 

Huygheuian 2 -inch eye-piece, 

Fio, 13S.-P„,velll,rT,,l,,.,r, snb-sl,,g. 'Tii timt the biuoC’.lh,.' 

with fine udjiistinf^iit (1SS2 n may suit persons with -narrow 

centies' to their eves, the dis- 
tance between them should not be greater than 2^ inches. 'I'lic 
mechanical tube -length is 8i| inches for the standard tube. N\ hen 
the eye-pieces were ‘borne' in theii' ]daces in the tubes tliey just 
touched each other, the inner si(l(>,s of the binocular tubes being cut 
away ; so under the abo^■e conditions a larger field than is thus 
obtained is siiiqdy impossible, 'i'he size of the field-glass detev- 
miiies the size of the eye-piece, and that was made to ti,x the 
diameter of tiie Inxlv-tube. 


Very wisely these inaker,s made the tube of the .sub-stage tbe 
.same size, .so its to have one gauge of toi)iiig througliout. This 
allows a Kellner or other eye-piece to be used as a eonden.ser, thus 
re:hiciiig the ninnl)er of adapters. 

Lately tliis firm liave altered their suli-.stage tube to a gauge 
recommended by the Royal VIicro.scopical Society. This involves 
an adapter where the sub-stage apjiaratus was adapted to tbe old 
gauge, or \vheii an eye-[)iece is used us a condenser ; as the size is 
too targe for a binocular. 

The. Hoss laodd,! in its completest form as left by Andrew Ross, 
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which was without amingenient for rotation; and the mirror was 
not jointed, The model of T. Ross had, as will 1)6 seen, a bar move- 
ment with a foot funned of a triangular plate to which were bolted 
two parallel upright plates to cjirry the trunnions of the microscope. 
The fine adjustment is a lever of the second order, with the milled 
head in the middle of the hir, which involves tremor, and the tube of 
the nase-pieee is short, making sliake possible. 

The stage movements are of unequal speed, the lateral move- 
ment being slower than the vortical. There is no finder, and the 

rotation of the stage is 
but pu'tial. The sub- 
stage and mirror arc 
good. It was a com- 
manding instrument in 
its day, and wa.s of ex- 
cellent workmanship 
and finish ; but it "was 
not equal to the strain 
of critical work with im- 
mei’sion objectives of 
great a pei-tui-e . X ev er- 
theless the defects of 1 liis 
stand could have i)peii 
readily cuiaected. A\'it)i 
a luoi'e extended ba.se. a 
better arritugeineiit of 
tlie IItib adjnstuient, a 
uiec]uinic,iil stage con- 
structed on better prin- 
ciples, and the rotation 
made complete and con 
centi’ic— which it was 
not— this would have 
been, even for our pi e- 
seut requireineiit.s, an 
admirable instrument. 

Iliis imjX)i'tant firm 
were otherwise advised, 
however ; and, instead 
Fio, l60.~Ross-Zeiitraayer model (187S). of correcting tlie errors 

of the instrument wlio.se 
liistorv they had made, they designed an eMirehj mw model in which 
a Li ster limb was substituted for the bar movement. Fig. 160 illus- 
trates this form of the instrunieut, from wliicli it will be seen tliat tlie 
foot also was changed for the wor.se ; the ba,se was not sufficiently 
extended, and the hinder part of the foot was too large, so that it 
.sometimes rocked on foui' points, l,)ecause the hinder part was too 
wide — a fiat surffice, in fact. A true tripod will stand firm on aii 
iineve]! tabic, but this form will not. It is a form frequently u.sed by 
van'oii.s makers now, arrd i.s known a.s fJie ^irent daw/ It. is a JkuI 
design^ ond mny he, ns it hns been, ensiJy tbrowi] over hiteinliv. ft 
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AViis, howe.ver, evcntimlly CJiSt in one piece, which gave it a solidity 
^vliich the former did not possess. 

The introdiiction of the Lister limb brought its inevitable 
troubles— notably, with the fine adjustment— to which we have fully 
referred under that head. But in the Ross-Zentn layer model, a 
later form, the body and the coarse adjustment were both carried by 
the fine-adjustment lever and screw. 

This form could not — a.s it did not— long prevail. Its existence 
was ephemeral, and in its place wus put a modification of the form 
devised by Zentmayer, knowm subsequently as the Ross-Zentmayer 
model. This was the Ro.ss-Jackson instrument with a. ‘ swinging 
sub-stage.’ This instrument is illustrated in fig. Uil. It will be 
seen that the foot is a true tripod, consisting of a triangular base 
with two pillars rising from li cross-piece, which ctirried the trun- 
nions. 

Here it may be as well to point out the differences which exist 
lietween the three great types of microscope, viz. the bar move- 
ment, the Lister limb, and the Jackson limb. In the bar movement 
we find a transverse bar uniting the lower end of the body to the 
coarse adjustment bar (figs. 157, 159). In the Lister the body is 
sirp[)orted through a gi'eater or less portion of its entire length, 
tlie limb being formed of one solid casting (figs. 160, 161, 162, 167). 
In the Jackson the dovetailed groove which carries the .sub-stage 
slide is included in the casting, and the groove for t.he coar-se ad- 
justment of the body, as well as that for the sub-stage, is ploughed in 
one cut (fig. 165). Jackson also designed the double pillar foot 
(lig. 161). 

AVe have already assessed the value of a swinging sub-stage and 
fuiind that in our judgment it is at best rcdumlant and really 
advei-se to the aceompUshmeiit of the best scientific work.^ >io 
microscope is complete without a good condenser ; all and much luoi'e 
than all that can be done by a swinging sub stfige can be done with 
a slotted stop at the back of the condenser. I'iiis elaborate appen- 
dage is therefore without justification. Y'et in the impatience for- 
large illuminating apertures, irJach irere not at that time provkkd hy 
cotuhimrs^ this phase of pseudo- illumination was carried to a still 
greater and more elaborate development in the production of a con- 
centric 7nicroscope, This was a lloss-AA^enhani, known as the 'radial 
mici'oscope. But elalrorate and costly as it was it never justified its 
existence, and like the whole group of ‘ concentric ’ and * radial ’ 
microscopes, it has passed away simultaneously with the abolition of 
‘ oblique illumination,' and is to-day a not veiy* interesting curiosity 
in the history of tlm modern microscojre. 

A large and extremely well-tiidslied stand is made by , Messrs. 
AVatson, known as the Yau Heurck microscope in its best form : it is 
ilhrsti-atcd in fig. 162. The body has two draw tubes, one of which 
is actuated by rack and piniorr, and the otlrci’ sliding inside it so 
that a range of lx)dy length varying from 142 mm. to 300 mm. can 
he obtained. The coftrse and fine adjustinents have very wide 
bearings, and the exact I'elationslilj) of tlie pinion to tire rack work 
1 T,md scq. 
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is estHblislied by jneans of a block of metal whicb fits upon the 
pinion sliaft and is pressed or relejised by means of the two screws 
provided for the purpose. This is shown in section in fig. IGd, 
where the ihnion is P, the anti-friction block N, and one of the 
adjusting screws M. The perspective view of the coarse adjustment 
show'ing the iidjnsting s(>rews is given in fig. 1(14. 

The stage can be completely rotated and has mechanical move- 
ments on the Tuirell iwiiiciple, both milled beads l>eing on one axis. 
The sub-stagc has a fine adjustment, and the plane mirror is carc- 
fullv worked by hamb while exce[itional rigidity for the whole stand 
is obtained by a special system of coiistructioip and the ti-ipod, whicli 
is shod with cork, has a spread of ten inches. ^ 

A hi<di-elass stand of distingni.shed merit is made by the firm of 
liiker of Holl)orn. It is illustrated in fig. IBo, is made with great 



Fig. 164.~~C(nupIete view of tratson's coarse arljiifitoient (18*.),'}}. 


care and is an insti ument (d‘ in ecisioii. It is mounted on a solid tripod 
with slotted toes so tlmt it can be tirmly clamped to the ba.seboard 
of a photo-inuTogra])hi(* ap[;ai'atiis. Tlie luidy is mounted on amas- 
.si\e limh in one piece througliout, and on to this the stage and 
sub-stage are mounte<l ; in this w.iy the chance of derangement of 
the ojitic axis is reduced to a ininimnm. The body has diagonal 
rack-and-yanion coarse adjn.stinent actuated l)v vei'y large milled 
heiid.s, making a slou’ nioxeiiieiit easy. The tine adjustment oiri’ies 
the body tide only each iT\'oluti()n of tlie gi'adiiated milled head, 
lK‘ing equal to the <.>f an inch ; the Ctimpbell ditferential screw 
being enq)loyed, and the milled bead being yilaeed at the low'er end 
of the body. The (tody can be extende<l to 300 mm, and closed to 
150 mm. The mechanical stage is worked on tlie Tiirrell metlioil 
by stetionai'y milled heads working on a common centre commanding 
oblique as well as rectangular movements ; t he rectangular movements 
on divided silver yilates for recording yiositions ; and complete rota- 
tion can be secured, either by band or by rack and yiinion, and can 
be at any point clamped. 

The sub-stage has rectangular mech!iiii<'al iiiovejnents controlled 
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by fixed milled heads, and all fittings are spuing and have adjusting 
screws to compensate for wear, and fine adjustment by Campbell diffe- 
rential screw which Mr. Baker adopted for these microscopes in 1888 . 



Fui. 105. -C. . Mol.. , 

vSwift and Son fovnierlv made two instruments of the first class, 
one having a bar movement similar to that of Andrew Ross, the^ 
other a Lister similai' to Beck's, The principal diffevence wa.s that 
the foot was of the ‘ bent claw ’ form. We have already seen that 
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)n’ tlioir invention of tlie s eriiwil lever fine adjustment (%s. 133 and 
Ido) Swift and >Son ha\e made possible a useful future for the Lister 
limb ; and their model of this form is shown in fig. 166, known as 
the ‘ Best " ( dial lei ige Mioroscoi>e.’ It has a beautifully made eoar.se 
adjustment, the special fine adjustment invented by this firm, a cir- 
cular rotating stage moved by rack and pinion or by hand, and is 
[uovided with divided silver plates to the rectangular movement. 
The suh'stage is complete for centring as well as focussing, and has 
rotary movement for use with polariscope. The stand i.s a firm 
form of tripod, and the mirrors are well worked and mounted on a 
double crank. 

All the movable parts of Swift’s instruments are sprung on Powell 
and Lealand’s method, and the movements are smooth and sound. 
Many stands had been devised by American opticians up to the time 
of the [>ublieatioii of our last edition of this work, but they were 
based upon one or other of the great English models, and the modi- 
fications, wiiether for good or evil, were adopted into the then modi- 
(i(-atioiis of the older English types, and were incidentally descriljed. 
It should be jriiiembered that Zentmayer, of Philadelphia, devised 
the model froiii wliicli the Boss-Zentmayer was finally formed. Its 
principal feature was to obtain oblique illumination in one azimuth 
by tiie swinging stage which we have emphatically shown in tins, as 
we did in flie best edition, to ])e a pernicious adjunct fim practical 
purposes. The line atljustment of this instrument was most defec- 
tive. Tolies, again, \\ ho wdiolly deserves the very high reputation he 
attained, made an instruineuti in which he mounted the stage on a 
di.se ; near the edge of this disc the sub-stage is made to travel in a 
grooN'e carrying the condeirser. or dry cnmla nation, in an arc round 
tlie object as a t'entre. This was only another eiaboratioii of the 
same swinging sub-stage. 

In later coiistruotions of this ff>vin, Tolies fii'st used the meclianical 
stage actuated by two pinions vertical to the stirface of the stage, 
and sul)sec|uently adapted by Ross. The fine aiiju-stment in tins 
imstniment had the fatal defects characteristic of its f(.>rm. 

Bulloch, another American maker of note, made some modifica- 
tions in the Zentmayer model, but they WTre in the interests of the 
.‘'winging sub-stage, and, nltliougli no doubt ingenious, mimt pass 
with this tinnsient foi-m of tlie iuierosco[)e. 

A modification of this stand was tlevised h\- ihilloch : it presents 
no .special point, .sai'e the employment of a (nllett condenser with 
the diapliragm drum aborc the levse.sl 

A later develo]mient of this form of instiaimciit by the ssune 
iiiaker was made some years after, but the chief difi’eience consists 
in the adoption of a stage in whic-Ii the milled lieads .stand u])oii 
the stage, wliich is the rcvers(^ of an advance. tSince, how^ever, the 
swinging sub-stage form of instrument has Ijceii entirely superseded, 
j^uerican makers have ado[>tcd, with very slight modifications in 
lorni, none in principle, the Continental stand, which is made with 
admiralile iirecision and conscientious care, hut still retains its chief 
features, it may therefore be of service to consider the principal 
recent modifications of tlic Continental stand, .so that they may be 
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fairlv com pn red ^vitb equally recent American adaptations of the same 
microscope; and then endeavour, after exiimining instruments of 
a lower class, to give a dispassionate estimate of this model as com- 
pared with that of the highest-class English type. 

Amongst Continental makers the hriii of Zeiss has taken a fore- 
most position ami lias secured a well-deserved world-wide fame. 
Their large.st niicroseopc is shown in fig. 167. It is a model of fine 
n oi'kiiianship aial has heori adapted with singular ingenuity to the 
reception of all their accessory apparatus. The upper body is 
inclinahle from the vertical to the horizontal position. It is 
provided with coarse rack -and -pinion adjustment, and fine adjust- 
ment by means of a direct acting miciometer screw with divided 
head. The sub stage takes all the apparatus provided by this firm, 
and in addition it may, by means of a small lever, be swung out of 
its central position, ‘ so as to fiicilitate rapid transitioit to illumina- 
tion with the cylinder- diaphragm,’ while below the condenser is a 
mo\-abie iris diaphragm fitted with a rack-and- pinion movement to 
throw it out of the centre, and wliich can be rotated about the axis 
or entirely swung out. 

The circular object stage rotates (not by I'ack and pinion), but 
has centring screws. The aperture in the stage has received a 
more•o^'al form. The raek-and-pinion rectangular movements are 
iT-iii. vertical ami ’I-in, lateral; the milled heads arc small but 
efficient and work smoothly. Tliat for transverse movement being 
placed upon tlie top of the stage. 

Keiciiert, of Vienna, makes a stand which in the main cor- 
responds with that of Zeiss, and we are enabled to speak witli 
confidence of tlie high (juality of the workmanship ; hiit in illustra- 
tion we clujose not tlie 1a stand hut the large stand known a.s ITb, 
an illustration of which is given at fig. 168. Onr object in choosing 
this instrument is that it combines every essential of the 1 A stand, 
ami in addition is furnished with the new lover fine adjustment, 
invented so recently hy llei chert, and of wliose value we ha>e 
alrejidy given our judgment. It will he seen that on the part of the 
body which the tine adjustment milled liead crowns there is a 
protrasion on the right and left hand side of the pillar. This is the 
only iuklition outwardly tliat the new fine adjustment makes needful. 

A very high-class microsco})e is made by Leitz of \yetzlar, which, 
while it retains the principal features common to all microscopes 
based on tile Continental model, has yet (jnalities peculiar to itself, 
and obtains by means of workmanship and iiigennitv the most ad- 
mirahle results atrainalile from the model on Avhich it is base<l. It 
is inclinable with a hinged .joint ami clamping lever ; and the stage 
is provi<le<l with a re\'olving centring table. The mechanical stage 
is the ‘attaehalde one already descril)eth ami the adjustment of the 
objective is by rack-aud-[)iiiion coarse adjustment, and by a fine 
adjustment ilei>emling on a micrometer ' screw iirovided*^ with a 
divided screw head. Tlie draw-tube is furnished with a millimetre 
scale. The sub-stage is planned on the principle of the Zeiss 
instrument ami w ill recadve tlie illuminaling apparatus as devised 
by Abbe, wliich is worked by rack-and-pinion adjustments, wliich 




208 the history and development of the microscope 


also raise and lower tlie iris diaphragm and provide it with possible 
oblique or eccentric movements ; and it is furnished with objectives 



i i(i, ICS.— One of Reichert’s large Rt.anrk (lib) with new lever fine adjustment 
fitted (1899). 
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niul oye-pieces that give it inagnifj’ing powers ranging from 1 5 to 
\ ,50(/ times. This instrmnent is shown in tig. 1 6ti, and with the two 
stands innnediately preceding it furnishes us with a fair view of 
the principal and latest types of the Continental microscope fitted 
with the apparatus essential to the production of good work. 

Hot another most interesting model of Reichert’s has just been 
finished wliicli, IVom its size and ap])roximation to the English 
stand in some important points, w^e are constrained to notice as 
these slieets are jiassing through the press. The instrument is 
illustrated in fig. 169 a. The height of the stand in the position 
illustrated is 16^ in. The distance between the foot and the stage is 

in. The sub -stage is provided with centring screw.s, and is raised 
and louvered Iw rack and pinion. The mirror can be readily moved 
towards or away from the sub-stage or can be entirely removed. 
The tube length w'ith both l ubes (A A') extended, including thenase^ 
piece, is 10.\ in. The stage is mechanical, and the circle is divided into 
::j60 degrees ; ]x)th tlie horizonLil and vertiral motions of the stage have 
scales read by verniers. The object is fixed on the stage by spring 
fittings. The fine ad j ustmeiit lias tivo speeds r)f motion by ttvo screw.s 
the one ()-fi mm., tlie other Od mm. per revolution, shown at M Mb 
The ilraw’-tuhe has a divided scale and is moved hv rack and pinion. 

We may now with advantage consider the different clauses of 
microscopes manufactured by the opticians of Europe and America. 
To do this without jirejudice and wfith efficiency it is neces-siiry to 
ilesignate the characters w'hioh should distinguish each class. 

MLcroscojtes j)laced in Class 1. possess— 

1. Coarse and fine adjustments. 

‘2. Concentric rotation of the stage 

8. Mechaiiicfd stage. 

4. ^Mechanical sub -stage. 

Class 11. 

1. Coarse and fine adjustments. 

'2. 4 tec iia idea I stage. 

3. Mechanical sub- stage. 

Class III. 

1. Coarse and fine adjustments. 

2. Plain stage. 

fi. Mechanical sub- stage. 

Class IV. 

1. Coarse and fine adjustments. 

'2. Plain stage. 

d. Sub -stage fitting (no sub -stage) 

Class V, 

1. Single adjustment (coarse or fine). 

'2. Plain stage. 

. sub -stage fitting (no sub-stage). 

This clas.sifieation applies hLso to portable microscopes, 

The recent microscopes of the best American makers are 
characterised by the highest (quality of workmanship an<l abundant 
mgeimity, but the Continental model is confessedly made their foimda- 
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In the last edition of this work it was shown that American 
us made their first-class microscopes with swinging sub-stages, 
3 then pointed out tliat these were not only mthout value, 
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hut injurious to tlio l)est u-ork possible to a good insti'uiuont. In 
tlie intovval the swinging sub-stage has been gi\en up, even by its 
most ardent advocates; but at the same time in the majoiity of 
cases tliev have abandoned the sub-stage proper and adopted the 
Uontiuental condenser tit ting instead. In fact, tlm American 
opticians haa'i' eliosen almost exclusively, as the basis of tl\eir staiuls 
of everv class, the iiiici'oscoi;e that has lieen .so long in vogue on 
the Continent oi' Europe. 

it will sntlice to take examples of the unexecptionally beautiful 
work of tlie two leading opticians of America — The Bausch and 
laanb Optical (.\>mpauy and The Spencer Lens Comjxany. An 
illustration of th<‘ Ite^t instrument, known as the ‘Oraiid Ahalel,’ of 
tlie former of llK’>e o[>tieians is given in lig. 170. It is designated 
a ‘Continental iMicrosco}ie.' but is not a mere copy of the best Avork 
of ( icriiianv or Krance. The body -tube is large, and the horseshoe 
base, of Continental fame, is said by the makers to ])e improved by 
tin* ‘ liack claw' being prolonged Cso as to A'irtuallv form a tripod 
liase.’ and it is commended as * extra heavy.’ From tlie tigure, how- 
iwer. it would appear to be the extra wedght ratlun- than a pro- 
loiiiivd claw that im[)arts the steadiness. The body is supported 
dll :i pillar of two massi\ e eolumns. The stage is large, and i-otates 
\\ ith ceulriiig s(.-rews. ‘The heads of the eentring screws art' 
]trovided Avitli graduations and index, and with a series of Hues 
reeording tiie nnnilier of revolutions of tlie scrinv,' so that tlie 
]K)sirioii of any gi\eu object maybe recoriled and tlius b(‘ referred to 
again if the mi(‘roseo|;e should have been use<l for other woi'k in tlu* 
interval. The luecliauieal stage is uorked liy one milled lii^m! a1 
lli(‘ side and tlie nthm‘ at tlie top of the stage, the latter jxjsition 
we pointed out in the last edition of tliis book Avheii refm riiig to tlie 
'Jblles mechanical stage) 1>eing one in Avhich the etheienev of the 
iiu'chanisii! is rednet'd to its lowest value. We have long advucateii 
the adoption of Turrell inilled heads as employed in PowelFs ATi. 1 
•siaud; tliev give tlie worker power to effect not only rcet:ingular 
but diagonal iHoMUiients. and. without displacing tlie iiiigm’s. to 
work the stagi* in :ill ilirections. Wo are pleased, as we have 
pninteil out. to note that the eminent linn of Zeiss have adojiteil 
tliese In tiieir best stand (fig. Ll!)). 

The suh-stag<‘ is composed oftliree parts, arranged one above tlie 
other. This sub-stage, with tlie parts separated to show their 
cou.strnction, is presented iu fig, 171. The upper ])art is a ring 
(‘arryiiig ;i remnvahlc iris diaphragm, so arrangeil as to come 
direetlv into eaitact with the under part of tlie objeet slide. 'Die 
middle section of lhe sub-stage is movable vertically on the iiuilii 
sub-stage axis, and carries an Abbe cuiulcuser of I ‘20 A'.A., whicli 
can be sAA iuig laterally to the left of the instrument so as to [mt it 
out of optical use ; hut on tlie otlier hand it can at will be thrown 
Viaek into position and placed iu oil contact with tlie objei-t slidt‘ with- 
out altering the [M(siiiou of the upper iris <liii[)hragm. Tiie tliird and 
lowest section of the sub-stage carries the largo iris fliaphragm used 
below the condenser. Thus it is clear tliat the w’hole can he used 
together, or any one of the tliree sectitms can he Avorked sepa.rately. 
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We note one iuljnimlile feature of the mechanical linish of tlie 
microscopes of tliis firm, which is, that they avoid sharp angles and 
kiiifolike ed^ms to all their instruments. This look.s a trifle, but the 
use of the imcroscope with sjiprophytic, pathogenic, or other infective 
material requires the utmost caution that the akin of the hamh 
should be unbroken, and there can he hut little doubt that all 
uncoD.scioush^ the edges aud corners of microscopes finished to tlie 
just ]uide of the mechanic do often break the skin, and are Avisely 



Fic. 171. BiU’.scli and Loinb'ji ^iub-stage, separated to sJio^r constractioii. 

aii<l happily Avorked into rounded edge.s iu the iustruments of tliesi* 
Alistinguished makers, and, Ave may add, Avithout the sligiitest los> 
of that appearance of high finish which Ins always l)een correlative 
with the inanuf icture of microsco}>cs. 

If w e now look atptheXo. 1 .stand of the S^^encer Lens Company, 
of Iluffalo, y.Y., Ave shall find again that the model of Oberhauser 
is adliered to and the instrument is of the Utlrd dms, Tlii- 
microscope is illustrated iu fig. 172. It is beautifully made, and 
the horseshoe ))a.se has a still longer ‘ claw ’ than tho.se of Ilauscli. 
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to' give the stability required in utilising the hinged joint for 
inclination of the body, which stands on a strong uuiul ])illar. 
The sub-stage is movable by a quick screw ; in otlier features it 
resembles the majority of the niic*rusc‘Opes of the type to which it 
belongs j it is, however, distinguished by rounded iii contrast 
to sharp ?and pointed corners and edges ; and, although the form 
[)resented has a plain stage with clips, it can be furnished with 
a circular revolving centring stage, or with an ‘ atbichable ' stage 
in;ide by the S|)eiieei' I^ns Company, having all the advantages of 
the several foriris of these pieces of apparatus already dcscriV)ed. 
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^Ve note with some sui'}H’ise tint such acconqilished nianu- 
lacturers and (tjiticians have indicatetl, so tiu' as we caii ili-seover, no 
advance in tlieir sub-stage condenser beyond tlrat of thr now old 
aehi'i.anatic of Abbe, and tliat tiiere is no evi<lence bt'foi-e n.s of their 
ciiiplovinenr of a sub-stage line adjustiiient. botliof Mhidi have been 
found of siicli great jtracl ica! value iii Phigland. ami whieli liave been, 
as we shall sliortly sliow, ado[>ted for the more eritieal iuierosco})ieal 
Work l)y the .Messi's, Zeiss, the leading o[itieal tinn of tlu' Continent. 
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Second-class microscopes are made in great variety ])}' English 
makers. 

One of the finest exanijfies of tlii.s dass of nuomscope at present 
brought within the i-ench of the jn'erage student's means is tluit 
known as tlie ‘E(lin])urgh Stiulcut’s Microscope bj the firm 

of ^Vatson ami Sons, It is the most complete of a series of similar 
stands varying in cost and (;oiii[)lHteness. It is illustrated in 
fig. 173, where it will Ijt* seen that it has tlie first prime requisite, a 
rigid foundation cond)ined witli liglitness — a tripod having a sprea<l 
of 7 inches — and it is also possessed of a well-constructed mechanical 
•Stage whidi is built with the instrument, an advantage over the 
l)cst 'attachable' stage. 

It is e.'^.sentially a student’s iiiicrosco 2 )e, and !i [though of so low a 
price is not only a specimen of the l)est workmanship, but is also 
extremely complete and rc])resents an advanced tyi)e of construction 
ca[ial)le of doing ;dl ordiiiavy and much expoi'imciital woi'k. 

lielonging t(t this class is an instrument ]>y Baker known as 
Ills Model, \(). 2. It is smaller than the vA ’ stand of the sjuiie 
type and is sinqilified, but is capable of doing the most refined and 
critical work. It is illustrated in fig. 174. The coarse and fine 
adjusinumts are the .same, The mechanical stage lias rectangular 
movements of one inch; the TuitcH avmugemont is not adopted; 
but tlie whole stage can lie rotated through an arc of 300°. The 
sul)-, stage lias diagonal rack and pinion fiaaissiug movements witli 
centring screws, and can Ix' supplied with every improvement 
applying to tlie adjustment of the sub stage. Taking this instru- 
ment as a wliolc — ihe tlioronglily iiiacticnl character of the model. 
tlu‘ liigh quality of the workinansliip. tlie fact tliat it will take all 
tile o[itical apparatus of the best model, and tliat all fittings are 
.sprung and [lo-ssessed of adjusting screws to coiiqien.siite for wear — 
we liave in this microscope one of the very best of its class. 

Powell and Lealand make an in.strument of this cla.s.s, ha vino- 
a of work not second e\en to their large .stand. It is 

illustrated in fig. 17o. The tube leiigtli is tlie same, but tlie sta'm 
and the foot: are .siiialler than in tlie largi* insti'ument. There is 
no rotary movement to the sub-stage, and its eenti-ing is done by 
the (‘ro.s.siiig of .scoters and not lines at right angles; but this is iii 
no way a defect. All the movenienfs and a<ljustments are other- 
wise a.s in Mo. I. 

Baker, of Holboi-n, makes a very admirable and useful in.stru- 
uieiit of this class known as his TI.P.H. miei-o.scope. Mo. 1. It 
ha.sa iliagoiml rack and ])iiiioii coar.se movement, a micrometer screw 
and lever fiiu' adjustment, giving a uinvemeiit of of an inch for 
each revolution of tiie milled head ; a draw-tube', every 10 mm. of 
which is engiYived with a ring, extending to 2o0 mm. and clo.siiig 
to l.i() mm., tlms allowing tiie use of either KnglLsh nr Continental 
objectives: it iiosses.so.sa mechanical stage giving a movement of 2.5 mm. 
in either ilireetioii. graduated to J mm. ; the milled head of the tran.s- 
verse motion is belmv the level of the top ]fiate. and as the otlier is 
reinovalile large culture plates can be examined, the distance from 
optic axis to limb {2^ in.) allowing of their easy iii.anipulation ; the 
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top plate is provideil with thixie adjiista ble steps, so that the centre of 
a 3 X 1 or 3 x slip is identical with the optic axis when both 
the rectangular movements are at the centre of their travel, thus 
enabling any desired field to he recorded; the stage clips are 


mounted on two of tliese stops, all of .vhich are removable ; 
;i. centring sub-stage of universal size {l-o2r in,) withdiap>nal rack 
and pillion focussing adjustment, plane and concave mirrors : t he 
whole mounted on a solid tripod stand, with a bracket to support m 
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instrurnejit m ii liorizontn! for ph()to-iiiierogi‘H{)lii(; work. 

The iiiicroscopo is in fig. 176. 

A modification of this instrument wns brought out as those 
pages are jiassing throngli tlie press, whicli is eiititled to rank as a 
Lst-class instrument. It is known as the R.M.S. 1'27 gauge 
microscope. an<l is illustrated in fig. 177. Jt has a diagonal rack 
and [hniftii coar.so movement, and a micrometer screw and level* 
fine adjustment giving a movement of O' 11 mm. (-j,-]:, in.) for each 
revolutiem of the screw, llie milled headofwliich is divided into 



ten [javts, each division being nuiidso'ed. If also possesse.s tavo draw- 
tubes eiigrased iii mm., every tenth niinibered, one of whicli is 
provided witli rack and pinion adjn>tniC'nt, so that olijectives may 
be corrected for the tlnckness of the cover glass, d*(*,, by the alteration 
of the tube length ; these draw-tubes extend to 250 mm., and close to 
120 imn., either Englisli or Contiiiental objectives can be used ; this 
microscope has a rotating mechniiical stage giving a movement of 
‘25 mm. (1 in.) in either <lirection grmluated to I mm. (■’„ in.); 
the milled head of the transverse* motion is l)elow the level of the 
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top plate, and the other being removable a large flat stage becomes 
;ivailnble if required ; the tup plate is provided with three stops, 
adjustable, so that the centre of a 70 mm. x2o mm. (3 in.xl in.) 
or 76 mm. x 38 nun. (3 in. xlr> in.) slip is identical with the optic 
axis when hot] 1 the I'ectangular movements are at the centre of tlieir 
n-avel, thus enabling ajiy desired held to be recorded ; tlie stage 



clips are monutnl on twu of these stops, all of wliieh ai-e i-emovable. 
It has a centring suh->tage in'ovided with diagtuial rack and pinion 
focussing movement, and :i tine adjustment, the milled liead of which 
is so placed that ImuIi adjustments can be conveniently controlled 
without shifting tlie h;imh and it is pixivided w 1th {dane and con- 
cave mirrors, and tlie micrnscope is mounted upon a solid tripod 
stand, with a bracket to sup|xu*t tlie instrument in a horizontal 
position for photo-iuicrogra])luc work. 
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All tlie fitting^ are Jipnuig and have adjusting screws to compen- 
sate for -wear. 

Coming now to Third-class microscopes, we note that the dis- 
tino-uished American firm, Bausch and Lomh, make a very useful 
instriiinent which iiuist ho placed in this class. Tt is intended as 





E'lO. 17».— Btiusch and Lomb's C.A.S, inioroseope (ISO?). 

a iiigli class laboratory instrument for advanced work ami for use 
in independent researches. It is designated by the tirn] as the C,A.8. 
Tt has a large stage, Vnit in our judgment this would be greatly im- 
pr(»ved ly being furnishe<l with the horseslioe openiiig so valu- 
able for hand focussing as a preliminary in tlie use of high powers 
and ijumersion lenses. Of course tlie mechanical stage of tlie 
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rtvDi can be addeil. The suh> stage is the new and complete one of 
the makers, arvanged for d<jing eriticiil work ; the fine adjustment 



Fu;, ITSa, — Reicliert’s ‘Auatriaa’ Baugh stand (189i)). 


is by micrometer screw ; the weight of the body is bidanceth the 
makers tell us, by a spiral spring which, tlie}- helieve, subjects the fine 
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iiiicfouit'tor >;(‘reu' only to the fi'iction of the iuljiistuient— anrl, of 
course, it is to be noted that the screw is not an extremely fine 
one • and the makers have e\'iden(;e of tlie durability of the adjust- 
ment. as after five years of use they have liad no single instance of 
its hreakdtnvn. The coarse adjustment is by diagonal rack and 
pinion ; tlie draw-tnl)e is graduated. It is l)eautifully made, and is 
bv no means an expensive instrument. We illustrate it in fig. 178. 

A well-made and remarkable little instrument of the cla.ss we 
are considering is manufactured Iiy Reichert, of Vienna, known as the 
Austrian, stand. It is illusti'filed in fig. It i.s the mo.st 

modifical of all the micr().scopes w(' know based on the Continental 
imtdel; if certainly approximates in several iioints to the Eiiglisli 
ty[ie. It has a specially extended and steady hor.scshoc foot, and is 
the r)i)lv .<irict Continental form with the axis so high up. The re- 
sult is tliat the ho(h' is l)alanced when in a horizontal }X>sition. The 
coanse adinstment is l)y spiral rack and ]uinou ^^'ith milled heads. 
Tli<‘ line adjustment is Reichert's recent ])atent, gi\ing extreme 
delicma- to the movement, and having a movahlo pointer, /, for 
I'eadiiin’ dix'isions on the micrometer screw. It is provided with a 
doul)le"raek draw-tul)e shown at B. it carries the Abbe condenser in a 
sub-stauc that focusses by a screw at the side, ami centres by the 
screw-hea<ls, (u a'. In its most (■('unpletc form it is remarkably 
low-priced, and certainly will uieet a rlcmand, especially as the 
English method of coiiL[>eii.sjitiou for wear and tear is adf)[>ted. 
'J'liis. iudivd, is the e.ise w ith all but the lowest -})riee(l instruments 
of this maker, and we believe him to 1)0 the only Continental 
maiiutaetnrec wiio has adoiited tlie sprung slots and s<‘i'ews .so long 
used svith success liy Rmglisli makers for compensating wear. AVe 
.should liave suggested slotting the edges of the stage for sliding 
the ohiect-holder or ledgix hut we learn frmii tlie maker that this 
is to he done in ail future iustruments ; all hut the smallest staiuls 
Reichert is willing to ]»rovide with English pattern suh-.st.iges 
litti'd w Ltli oeiitriug screws of the standard size, and condensers are 
mounted to suit tliese. 

Another instrument of the same class and general designation, 
made liv IRe.ssrs. Watson and 8<)us. and distinguished as M l,‘ is shown 
ill tig. 179. It is identical in build with the 0 model, hnt tlie 
.stage is ]ilnin, and it has only a tnhe litting for a sub-stage a[)])a- 
ratus; the workmauslil[) is of tlie same order, the movements as 
delicate and true, the adju.stnieiits as reliable, hut the price is only 
oiie-half that of the miiro coia})licaterl form. 

Amongst the .same class of instruments mu.st he jdaced another 
I)v Messrs, Swift and Son. It is known as an ’ IinproviMl Wale’s'* 
Alicroscojie.’ 

Air. fieorge AVale. of America, deviseil in 18/0 a }ilan of great 
merit fovthe .stands of mierosco}ies. The ‘ limb ’ which carries the body 
and the stage, instead of being swung by pivots — as ordinarily — on 
the two lateral su[ip(jrts {so tliat the hiilanee of t he miiToscope is 
greatly altered when it is much inclined), has a circular groove cut 
on either side, into which fits a circular ridge east on the inner side 
of each support, as .shown in fig. 180. The two su])poi'ts, oicli 
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itw own fore- foot, are cast separately (in iron), so as to meet 
ro form the hinder ‘ toe,’ where they are held together by a strong 
pill ; while by turning the milled head on the right .support the two 



Fig, 17'A— Watson’ .s Edmbnrgh Student's; stand ‘li ’ il8;>S . 
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ar. together by a screw, which thus regulates the pressure 

ilacle by the two ri.lges that work into tl.e two grooves on the limb, 
When this pressure is iiioilei-ate, nothing can be more satisfactory 
than either the smoothness of the inclining movement or the 
Inhinciim of the instrument in all positions ; while, by a slight 



Fig. liiO, — S\Yift’s itii[)L’oved ‘Wale's’ mieioscope (IBSl aiul 18.S?>). 


tigiitoning oftlie screw, it can Ix) firmly fixed eitlier horizontajly, 
vertically, or at any inclination. The ‘ caarse* adjustment if> made 
by a .smooth-working rack ; the fine sidjustiiient is Swift’s patent 
de.scrihecl on p. 172 (fig. 185), and the attachable mechuiiical stage of 
this firm can he readily added (as in fig. 180), but in the best and 
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laost compltite foi-ni of the instrument a lai‘ge mechanical stage is 
lilted, and sub-stage apparatus supplied. 

Leitz, of Wetzlar, provides a very useful instrument of the same 
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flafis. It hi I a Iripod l);\se on the English iiiodol, iUid is a tlioroughly 
steadv iiistriiinent ; it has r.iek and pinion inovt'iuent to Uie coarse 
adjiistiiiont. iind sidvstage ; tJie dr;i w-tiihe Ins si mui. scale, and a fine 
adjust nient of the usual (Jontinent;d type, juid :dl the bitest adaptations 
for su!) stage illuiiiiuiition. The instriiunuit in its simplest form is 
reinnrkid>l\ lo^v-priced, iind the more iinpor1:nit ;t[>p!iratns Ciin he 
added to it iis re(pnred. It is illusti'iited in lig. 181. 

Heek’s third-class microscope is shown in fig, 182. ft has ;i good 
tri[iod foot witli a single pilhir. Tim JiU'kson model is used, but 
a i>cculiiir tine iidjustment is employed, the lever being placed l)ohnv 
tin* stim'c. the position of tlie screw being immediately behind the 
pillar which supports the limb, and \\iiere it is easy of access. The 
bodv is not affected by vil)ratioii when it is toncluMl. The level’ i.s 
of the second order, and it draws down the body limb and coarse 
adjustment. In fact, save in its fine adjustment, this form ap- 
])roxim:ites somewhat to the Continental model. The fine-adjust- 
ment le\er is ratlau’ slkoi’t. Imt it will be found to be much steadier 
and slower than the direct -acting screw. 

The stage is plain, without mechanical movements; hut it has .a 
movable giiss stage ovea- the principal stage; to this the slip is 
clipped, and the whole su|ier stage' of glass is moved with ease 
over a. fair area. The aperture in the glass .stage is ink- largo 
enougl) ; it should he cut right tlirough to the front, which weadd 
mucli increase its usefuhu'ss. 

This instrument also lias a suh-stage ^^'ilh i'ack and (‘entring 
movements. 

S\\'ift and Son’s earliei’ thii’d-class microscope in il.s most 
suitable rorm dates from about the time of the vertical levei- line 
adjustment j^nented liy that firm (^.r.) Tt was first made from the 
designs of ]\ir. E. M. Nelson, and if, presented three di.stinctive 
features : — 

(1) The milled liead of tlie fine adjustment was ])laced on the 
ieft-liain^ sideof tlie liml). 

(2) The stage was of a liorseslioe foi'ui, the apei'tnre Vteing 
entirely cut out to the front of t he stage ; and 

(3) The hody-tul)e, uliirii was of standard size, viz. indies, 
was made in two jiieces, which not only seciirerl ])ortability, but also 
permitted the usi^ of hotli long and slmrt tubes. 

Tliis instrunietit is illusli'afed in fig. CTT It was also possesseil 
of a cheaply made and fairly good centring sub-stage, to carry 
Powell ami I..ealand’s dry achromatic comhination fitte<l with a turn - 
out rotary arm to carry stops. The sub-stage was made l>y adapting 
Swift’s centring nose-piece, and pi'ovitling it with a laek and ]iiniou 
focussing arrangement, as illustrated in fig. 188. There was also a 
graduated stage-plate and sliding bar, a plan devised bv Mr. 
Wright for a finder. Tin' eye-pieces iveie provitled with rings, like 
Powell and Lealand’s, oiitsnff the tube to govern tln^ d<‘|>fli wliidi 
each should .sliile into the draw-tube, by which means tlie (liaphvagm 
i.s in the same place whate^■('r the d('])th cd'tlu' cye-[)iece employed, 
and it wa.s constrLicted to do critical work with ilie highest 
powers. 
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Anotlm' foThi of this instriimsnt lias more recently been intro- 
duced bv the firm of Chas. Ikker, of Holborn, London. It arose in 
a su<^gestioii i)y Mr. Nelson that this form should be adapted to the 
Campbell .wreir fine adjustment making a good quality 

third-class micros(‘()pe. It should be noted that the differential 
screw permits of slow action being obtained by means of coarse 
threads ; it i.s thoref jre very strong. In the ordinary Continental 
form of direct-acting fine-adjustment screw, if the motion is slov\ 
the thread m ust be fine. Hence in forms where the fine adjustment 
is made to lift the body, the differential screw is of great value. 

Further, it proved on testing that the Campbell differential screw 
was equal to the most critical work, and could be used in photo- 
micrograpliv. As a result several additions were made, such as 
rack and pinion focussing and rectangular movements to the sub- 
.stage and a rack- work arrangeinent to the draw-tube. Subse- 
quently a larger and heavier iiistrnmeiit was made, having a ^ incli 
more of bori/ontal height. In this iiiodel the milled head of the 
diffei'ential screw is placed below the arm, instead of above it, which 

is an improvement for 
photo-m i cr ogra phic pur 
poses, and no special 
detriment in ordinary 
work ; and, if required, 
a differential-screw fine 
adjiistnient can be fitted 
to Ihe sub-stage, A 
rotary stage is also some- 
times p\;t to tins instru- 
ment, but those wliicli 
we have seen have not 
gi\en the apeitiure .snfii- 
cient dimensions for 
modern focu.ssing. 

This instrument in its complete form, as sagge.sted by Mr. Xel.sen 
and devised by Bakei', gave origin to an entirely new groiqi of 
mkT0SC0])e.s, which aimed cliiefly at supplying the student witli 
relatively inexpeiisi\e iiislriiments, but which at the same time 
should pos.sess all the qualities and be capable of receiving all the 
a])|)iiratus needful for an efiicieiit use of the microscope. One of the 
higher forms arising in this new departure is the insti’ument shown 
at tig. 177, and, with the Campbell screw fitted behind the mirror 
for the fine adjustment of the condenser, i.s a very attractive and 
useful micro.scope, ami may l)e safely recommended to the amateur 
and the student. 

Two microscopes l)v Ross certainly deserve the attention of the 
student seeking a reliable instrument belonging to the class we are 
considering. They are both known as ‘ Ross’s New Bacteriological 
Microscope.’ The work of this long established firm, it is needless 
to Siiy, is of the very finest quality ; and these luicro.scopes are ])ro- 
vided with ail the required adjuncts for tlie work they specify. The 
stage is of hor.seshoe form ; the fine adjustment is .sensitive and firm. 
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■ ■ 1 liptween thc two instruments is in tiieir 

-Che 184 gives a wider spread 

i^spertive stands^ J * ^ sKnnng neater statUity ; but this does 

a. »• 



not ill use. . Hrrular foot, to wbicli 
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foot when the instrument is in an upright position. When inclined, 
the centre of gravity is agiiin brought directly over the foot, as 
sliowi^ in fig, 185, bW’otating the pillar upon a reliable fitting at 
its base, so that :ii).solute steadiness is secured. This is a revival 



Fig. 18;’,— Ross’s new bacteriological microscope (1894). 

of an old form made in 1760 by J. Cuft’, adapteil by A. Ross in 
1842, and now again u.sed by the same firm (vide fig, 128). 

IlosH also maiuilaelui'es an ‘ Educational ’ mici'osco[)e having 
considerable merit, which may faij’ly he placed in thi.s cla.ss. It 
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is presented, on a small sciHe, in fig, 186. Tt is a<lmimbly made, 
and provides all that is recpdred in coarse and fine adjustments; 
it is also pwvided with admirable sub-sUige arrangements, and is 
placed on a stand that, while it is of horseshoe pattern, has the 
hind ‘toe’ lengthened considerably, and is made so that the foot 
can reverse as in the illustT“ation, and lock, thus making a perfect 
balance for the body, however it may l)e inclined. This admirably 
made instrument is considerably under oL in cost. 

Beck’s ‘ British Student’s ’ microscope is of this class, as is also the 
‘ Star ’ microscope by the same makers. The former has a firmly made 
trijKxl, as fig. 187, representing this instrument, shows. It h,as a 
sjilral rack and pinion coarse adjustment, a fine-adjustment, a dmw- 
tube with mm. scale, and a focussing sub-stage which swings out when 
not in use. The present 
Editor can speak highly of 
this instiaimeut for elementary 
class w'ork, aiid witli good 
workmanship its price i.s ex- 
ceedingly lo^v. The ‘ !8tai‘ ’ 
inici’oscope is .also a veiy re- 
]iiarkable instrument, suffi- 
ciently so to justify us in 
departing from a rule to 
point out that Avith two eve- 
piece.s, two objectives — a 
t-inch and a ;|-iric}i — and an 
iri.s diaphragm, the whole, 
jilaced in a cabinet, is sold for 
U. 155 . 

We come now to micro- 
scopes of the fourth class. 

A small, compact, and 
thoroughly useful microscope, 
specially adapte<l for medical 
students and Biological 
Hcliools, i.s made })y iSwift and 
Son, and known as their — Ross's ftriuoationiil Jiiieroscope 

‘Xew Histological and Phy.sio- (1S98). 

logical Microscope.’ In its simplest form it is shown in fig. 188. 
The stand is a firm tripod, the o[)ti<:“al tube slides in a cloth-lined 
fitting, the fine adjustment may be the differential screw actualed 
by a large milled head, and capable of work with at least a /jth-inch 
oljective, It is beautifully sMumg, and is firm in any piosition. 
The shige is large, and has the horse.shoe opening. There are 
j^cveral grades of this instrument, involving more or loss complexity 
and aji])ai‘atu.s ; but it was designed to meet, and we believe *loes 
meet, tiie needs of students wTio want a strong, piuetical. and w'ell- 
etpiijjjjed in.strument at a very moderate price. 

Anothei' instrument of this class deserving tlie highest commen- 
‘latiou, and offering the student much more fur the outlay involved 
than we could have tlmught possible twenty years ago, is 'The 
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Frani ’ miei'oscope of Messrs. Watson and Sous, We illustrate it in 
%, 189. It is strong nnd rigid, and its workmanship is of the 
highest order. It has a completely steady tripod foot with a sprea<l 



Fig. LS7 — Beck's Britisli student’s microscope (,1896). 
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of 7 inches, and its steadiness is uiia fleeted in whatever position the 
lx)dv Tnay Imve to he inclined. Tlie coarse aiijustment is a diagonal 



Fig. 188.— Swift’s histological and physiological microscope (1894). 
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need be desired. The stage has the horseshoe- shaped aperture. 
'Hie sul)'stage httiiig, as sliuwn iu tLe illustration^ may be turned 
:,side <Hit of the optical axis, and a coiiiiKuind sub-stage may be made 
with the instrument if desired. Tliroughout, tlie working part.s are 
>[)rung, and wear may l>e compensated l)y adjusting screws. We 
cannot speak too highly of the enter])rise and skill shown in the design 
;uid manufacture of this instrument ; ami yet the student will lind 
ihat. good as it is, it is one of the least costly instruments of its class. 

There Is a microscope manufactured by Messrs. Zeiss, known as 
• Stand Yl- A.' which comes to about the same <^ost as the above, and 
;vhich Nve illustrate iu fig. 190, It is of course a strictly Continental 
lorm, having a fixed stage ins. sipiai'e. ’ The coarse adjustment i.s 
1 IV rack and ])inion, and the fine adjustinenfc is the usual micro- 
ineter screw of these makers. The stand is iiicliuahle, and it is 
])]'ovided witli mirrors and a cylinder diajihragm which slides in a 
decve fixed below tlie stage capalde of receiving the illuminating 
ajiparatus. It is, of cour.se, made with the accui-acy and good 
ijualitv of workmanship for which this firm is noted. 

Fifth and sixth classes of microscopes are made l)y the best 
iiiakei's. anil it is a little notable that the best of these classes was made 
li\ thc late Hugh Powell, whose maxim was that a microscope with 
diih' a fjooil coai'se adjustment was to be prefeiTcd to one having an 
iiKliffereiit fine adjustment with a sliding tube foi' tliecoar.se adjust- 
ment , 

Tlii.'i stand is of cast iron, with a flat tri[iod, having a .single 
pillar to wliich is jointed the Jackson body. The focussing is 
admirable ; the stage is of an excellent form, l)eing 4], x 3 !> inches, 
and is supplied with a beautifully made sliding ledge, which will 
imne easilv and firmly with jjressure from one side onlv. 

Tlie stag(‘ is fastened to the ii[)per side of two brackets which 
are cast in one [uece with the limb: on the underside of these 
bra('kets tlu'vo is another plate which holds the suivstage tulie. 

This instrument is sujipdied with large plane ami coucare 
mirrors; and, considering that it constitutes a sixth class of 
microscope, has very iiiucli in its favour as a secondarv instrument 
for the work-table. Like all tliese makers' instruineiit.s. the feet are 
plugged with coi'k ; and ue know of some of tliese microscopes that 
ii:i\c been lu use for forty years, and are still the trusted '^ journey- 
luen ' instruments of mounters and other workers of various orders 
in many depai'tments of microscopy. 

Some of the modern Ibrins of these two classes of microscope 
<leserve, on behalf of beginuors with limited means, some considera- 
tinn. A thoroughly good but extremely simjile microscope of the 
fiftli class is made by AVatsoii and Sons ; it is illu.stvated in fig. 191. 
It was desigiieil for educational purposes: the workmanship is of the 
Ihiest (pndity, but the instrument is not pi'o\hled with a Hue 
adjustment : it relie.s mi a veiw jierfectly made diagonal rack and 
['iniuii coarse movement. From jii'aetical use we can sjieak in the 
]iiglu-st terms of the delicacy of this focu.ssing arrangement, with 
wliivh we have with ease used powers up to inch, and often have 
Used it with a ib-iu. ohjoctive. The stage is large, the body has a 
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draw-tube, can be iiicliiied, and it is a steady useful microscope. It 
can be obtained complete in a case with one eye-picce for the sum 
of 21. 7s. (id. 
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BauscR and Lomb manu&cture an instrument which abandons 
coarse adjustment, but provides a line adjustment of good 



Fig. 191 ,— Watson’s school microscope (lS 99 i. 
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scopes none is more remarkable for its strength, good form, and 
excellent finish than the one we show in fig. 1 94, made by Leitz. Its 
c(jarse adjustment is ciipable of doing very delicate work, and it is a 
thoroughly steady instrument, and is admirably adapted to elemen- 



Fio. 194,— Leitz’s school microscope. 


tary work and scliool use, and, whilst its finish and worV are admirable, 
it is sold for U. 

A really beautiful instiaiinent of the same class is made i)y 
Ucichert, designated ‘8tand No. 15,' which is illustrated in fig. 19*2. 
It is admirably made, and the maker, as we think, wisely, has tlirown 
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ilie ^)est possible work into a spiral rack-and-pinion coarse adjust- 
ment which works with great accuracy and smootliness, and has 
dispensed with a fine adjustment. Its construction is neat, but it is 


Fki. 195.— Powell and Ltaland’s portable microscope {184Sj. 



one of rtie most rigid of this class of inicvoseope wliieli we liave Seen 
or used ; this iiistrimieut is sold for twenty-five shillings. But the 
maker has adopted Mr, Nelson’s plan, using a Steinheil luagnifier to 
ae mounted as a sub-stuge condenser, and if U: simple iris diaphragm 
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i )0 uned with thi^i, there are vei 7 few hut will be astonished at the 
'beautiful results attainable. Certainly, since the last edition of this 
hook was published, large and successful efforts have been made to 
apply to those who need them cheap but thoroughly good mici'o- 
-eopes. 

Portable Microscopes.— Microscopes that may be I'eadily taken 
iVoni place to place, and which are yet provided with the Jirrange- 
iiicnts required for* msing 
the principal apparatus, are 
uf iinportiince in some in- 
\-e.st,igations, and are de- 
sirable by the majority of 
those who have a living 
interest in microscopic 
ntU'k, 

The earlie.st and still 
tlie best form of this kind 
of microscope was made by 
Powell and Lealand. As 
opened for use it is illus- 
trated in fig. 195 ; hut the 
tripod foot fold.s into what 
becomes practically a single 
iKir, and is bent by means 
of a joint to occupy the 
least space. The body un- 
sci-ews, and the whole lies 
in a very small space, gi viiig 
at the same time fittings in 
the cabinet for lenses, con- 
densers, and all needful 
ai)paratus. The coarse and 
fine adjustments to the 
body are as in the Ko. 1 
stand, so are the stage 
movements ; and the sub-stage has rack-and -pinion movements and 
rectangular sector centring, while all the apparatus ju’ovfided ^vith 
the largest instrument can be employed witli it. We have used 
this instrument for delicate and critical work for twenty years, and 
there is no falling off in its quality ; and, when jmcked witli the 
additional apparatus required, the case is 12 X 7 X S iiiche.s. 

SNvift and Son have arranged tlieir Histological microscope 
(fig. 1 96) as a porhihle instrument, to which from its peculiar con- 
struction it readily lends itself, and must be placed in tlie third 
class of portable microscopes. 

Mr. Roussel et has designed an admirable little instrument of 
portable form but of the sixth class. It is binocular. The tripod 
lohls; the stage is plain, with a sliding ledge. The condenser 
focu.sses by means of a spiral tube, within which an inner tube 
slides, cai'rying stops, diaphragms, etc. The mirror is jointed so as to 
be used above the stage, and, as its focus is only 1^ inch, can be 



Fig. 197.— Baker’s diagnostic travelling 
microscope (1896). 
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folds. It is provided with sliding tube, coarse, and micrometer 
^cl•ew fine adjustments, a good draw-tube and thoroughly useful 
>tage, a tubular sub-stage with plane and concave minurs. It is 
packed in a leather case witli shoulder strap and loops for a 
luilitaiy belt, or a handle, and this case, with three objectives 
and extra eye -piece, occupies 11 x 3| x 3 inches. It can also 
lie arranged for a sub-stage carrying a condenser and iris dia- 
phragm, and is exceedingly compact and well made. 

A very old device has been utilised by ^Messrs. Bausch and Lomb 
for a new portable stand, that, namely, of making the case or box the 
f<x)t of the instrument. The miciviscoyje itself is, in every other respect 
swe size, the same as their ‘ New' stand shown in fig. 193 ; but the 
addition is made of a clamping screw, to prevent the main tube from 



FiCi. 199.— BauBcli and Lomb’a portabh microscope packed (1S9S). 


dropping or turning. An illustration of this microscope is given, as 
set up for use, in fig. 198. It wdll be seen that a double nose-piece 
inav be used, and it is pro\dde<l wdth a useful condenser, the sub- 
stage having a screw focussing adjustment, and an arrangement for 
swinging this out of the optic axis. The microscope is rigid, but 
can be inclined at any angle by raising the cover of the case as in 
the figure. It can be closed into the box ivith its double nose- 
pieces in po.sition, and its sub-stage and condenser ready for- use. 
The size of the case complete is 8| x 5| x 2| inches, and its weight 
is 3^ pounds. 

Microscopes employed for the purpose of minute dissection are 

of considerable importance in certain kinds of work, ^lany instru- 
luents specially adapted are made, although tlie majority are 
iUTanged for simple lenses. But an instrument of gi’eat value, 


248 THE iliyTClRY AXP DEVELOPMENT OP THE MICROSCOPE 

ai’i'an^ed foi' use with cotnpouml leims^ has been devised by employing 
the hiiiocnlar of Mv. Stephenson. This instrument is illustrated in 
fig. 200. It is made by Swift and Son. The stage may be enlarged 
a.s a dissect Ing table, with .special rests for the arms. The objective 
and binocular part of the body leiiiain vertical and focus vertically 
by a. rack-and-pinion coarse adjustment, there being no fine adjirst- 
ment. The bodies above the binocular pri.sms are suitably inclined, 
mirrors being }>laced inside them to reflect the image. This reflec- 
tion also ca loses the erection of the image, which is valuable to the 
majority engaged in insect di&section or the dissection of very 
deliaite anil minute organisms or organs. 

Another tyjie of dissecting microscope has been introduced (as 
we have seen on pp. 102-4) by the firm of Zeiss; it is known 
as G reenough’s Hiiax-idar Microscnim, and possesses valuable 
and intei'esting features, and has been prejiared to facilitate the 
examination, dis.sectioii, and preparation of eggs, larvai, ainl 
other Solid objects by fnrni.sbing a true stereoscopic aiid erect 
image. Hence it is most ii.seful for zoologists, bohintsts, and 
embryologists. To accomplish this purpose a combination of Porro 
prism.s witli a compound microscope of the usual optical type has 
been eftected. ^ye have said enough of this imstrument in an 
earlier page, and merely iccall its adaptation to dissecting purposes 
by the illu.stration furnished in fig. 201, and we would remark that it 
is only when two .sucli complete micro.scopes, each having its own 
oljective and eye-jiieces, are simnltuieou.sly directed ujion an object 
that the truest .stereoscopic images (an he obtained. 

Only com [uiratively low powers can be used wdth tliis in.stiaiinent, 
but this is no defect, for with such pow’ers alone would the work it 
is intended to do be accomplished ; but two special eye -pieces of 
different [X)wers, corresponding to Huyghenian eye- pieces 2 and 4, 
are prepared for this microscope ; they are known as orthomorphic. 
The magnifications resulting from the combination of these eye- 
pieces with the objective are respectively 25 and 40. 

We have now to consider the most stands adopted for 

simple microscopes. That in the form of a buirs-eye .stand is the 
least complex foian possible. This instrument holds an intermediate 
place between the hand magnifier and the eomjdete microscope, 
being, in fact, nothing nioi'e than a lens supported in sucli a manner 
as to be capable of being i-eadily fixed in a variety of positions 
suitable for di.ssecting and for other manipulations. It consists in 
its best form of a circular foot, wherein is screwed a slioii tubulai- 
pillar {fig. 202), provided with a rack-and-pinion movement, and 
carrying a jointed arm movable in many directions by ball-and- 
socket and other joints, h, c, e, but capable of being clamped by 
tlmrrib-.screws or milled heads, a, b, e ; one end of this arm carries a 
joint, to w^hich is attached a ring for holding the lenses. By 
lengthening or shortening the pillar, by varying the angle which 
the arm makes with its summit, and by using the various joints, 
almost any position and elevation may be given to the lens that can 
be required for the purposes to which it may he most usefully 
applied, care being taken in all instances that the ring w'hich carries 
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ilie lens shovikl (by meiins of its joint) be placed horizontsilly. Tlie 
lenses now most suitable for such a holder are those constructed 



Fjo. aOO,— Stephenson’s binocular by Swift (1887). 


upon the Steinheil formula, composed of three cemented lenses 
forming a system which gives relatively long working dishuices 
with large flat field. As made by Zeiss they magnify 6, 12, 20, and 
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30 times, and, employed iu such a stand as fig, 202, they are ad- 
iiiirably adapted for picking out minute shells or for other similar 
manipulations, the sand or dredgings to be examined being spread 
upon a piece of black paper, and raised upon a book, a box, or some 
other supjxirt to such a height that when the lens is adjusted 
thereto, the eye may be applied to it continuously without unneces- 
sary fatigue. It will be found advantageous that the foot of the 
microscope sliould not stand upon the paper over which the objects 
are spread, as it is desirable to shake this from time to time in order 
to hring a, fresh [tort ion of tl\e matters to be examined into view > 



Fig, 201,— Greeiioujjli s binocular, nrraiigerl as a clissccUiig microscope (1897). 

and, generally speaking, it will be found convenient to place it on 
the opposite side of the object, ratlier than on the same side with 
the observer. In a suitable position these lenses with their holder 
may he most conveniently set for the dissection of objects contained 
in a plate or trough, the sides of which, heiiig higher than the lens, 
would prevent the use of any magnifier mounted on. a horizontal 
arm. Although the uses of this little instrument are greatly 
limited by its want of stage, mirror, yet, for the class of pur- 
poses to which it w suited, it hiis advantages over perhaps every 
other form that has been de\isod. Wliere, on the other hand, 
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portabilit)' may be altogether sacrificed, and the instrument is to be 
adapted to the making of large dissections under a low magnifying 
power, some such form as is represented in fig. 203 constructed by 
5£essrs. Baker, on the basis of that devised by Professor Huxley for 
the use of his Practical Class at South Kensington, will he found 
decidedly j^eferalde. The framework of the instrument is solidly 
constructed in mahogany, all its.surfiices being blackened, and is so 
arranged as to give two uprights for the support of the stage and 
two oblique rests for the hands. Close to the summit of each of these 
uprights is a groove into which the stage-plate slides ; and this may 
be either a squai e of iiiodei'ately thick glass or a plate of ebonite, 
]ia\'ing a central p.erforation into which a disc of the same material 
may he fitted, so as to lie flush with its surfiice, one of these being 
readily substituted for the other, as may best suit the use to be 



Fio. 2i:;2,— Zeiss’s leiis-holder, 


made of it. Tlie lens is eaii-ied on an arm working on a. racked 
stem, wliicli is I'aised or lowered by a milled-head pinion attached to 
a pillar at the further right-hand corner of the stage. The length 
of the I'Hck is sullicient to allow the arm to be adjusted to any 
focal distance between 2 inches and L inch. But as the heiglit of 
the pillar is not sufficient to allow the use of a lens of 3 inches 
focus (which is very useful for large dissections), the arm carry ing 
the lenses is made with a double bend, which, when its position is 
reversed, as in the dotted outline (which is readily done by unscrew- 
ing the milled head that attaches it to the top of the racked stem), 
gives the additional inch required. As in the Quekett micro- 
s(iope, a compound body may be easily fitted, if desired, to a separate 
arm capible of being pivoted 011 the stune stem, The mirror frame 
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is fixed to the wooden bisis of the mstrument, find places for the 
lenses are made in grooves beneath the hand-supports. The ad- 
vantages of this general design have now been satisfactorily de- 
nioiist rated by tlie large use that has been made of it ; but the 
<letails of its construction (such as the heiglit and slope to be 



Fig, 203. — Laboratory difisecting microscope (1870), 


given to the hand icsts) may he easily adaptctl to individual requii'i*- 
inents. 

A very .simple and well-known form of dissecting microscope is 
made hy Messrs. Bausch and Lomb. It is shown in fig. 204. Its 
form is self-explanatory : a plain glass stage, and a mii*ror at a suit- 
able angle giving abundant light, capable of being leplaced by 



Fig. 204. — Bausch and Lomb’s (Barnes) disseeting microscope (1896). 


a white or black enamelled background, suitable rests for the 
arm, and a sliding holder for the lenses. It is these latter that 
are special : they are de.signed for the instrument. They are 
doublets, which undoubtedly give a large aplanatic field and fine 
definition. 

But the very best form of dissecting microscope for simple lenses 
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A GOOD DISSECTING STAND BY ZEISS 

Uich we believe to be at present constructed is made by Zeiss. 
v\V illustrate tins form, fig. 205. It has a large firm stage 4 incbe.s 
,u‘xre and 41; inches from the table, to which wooden arm-i'ests can 
he attached or not, as may be desired. Only one i.s attached in the 



and tlu- points of attaohmont of 
Tlie sla.re has a largo opening, 3 X 3f inches, into Minch can ne 
pLced «ther a flat hvass plate or a glass suhstitute. or n " 1 ^'' I* te 
lith a half-inch hole in it. Underneath the stage are black and 
white" sciwns, tvhich can readily be turned aside by the use of the 
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milled heads, A. The arm, which is focussed by an excellent spiral 
rack- work adjustment, carries either a Zeiss dissecting microscope, 
which, with and without its concave eye-lens, yields six different 
powers, varying from 15 to 100 diameters, or the arm will receive 
the very fine Zeiss- Stein heil simple magnifiers. 

The instrument is provided with a large plane and concave 
mirror on a jointed arm. The utility of this simple microscope is 
very great, and we do not hesitate to pronounce it the l)est thing of 
its class we have evei' seen. 

The Continental Model. — Our one purpose in this treatise is to 
emleavour to promote what we believe to the highest interests of 
the microscope, as a mechanical and optical instrument, as well as 
to further its application to the ever- widening area of physical 
investigation to which, in research, it may be dii*ected. To this end 
throughout the volume, and especially on the subject of the value 
and efficiency of apparatus and instruments, we have not hesitated 
to state definitely our judgment, and, where needed, the basis on 
which it rests. Incidentally we have expi-essed perhaps more than 
once our disapproval, and, with ourselves, that of many of the leadino^ 
English and American microscopists, of the form, of mici'oscope known 
as the Continental model] we believe it is not needful to say that we 
have done this after many years of careful thought and varied 
practice and experience, and, so far as the human mind can analyse 
without bias. It is not wffiere a microsciope i.s made tliat the 
scientific raicroscopist inquires first, but where it is made most 
perfectly, and we cherish strong hopes, in the interests of the .science 
of microscopy, that so enterprising and eminent a firm as that of 
Zei.ss, of Jena, will bring out a mo<lel that will comport more com- 
pletely with the needs of modern microscopical research tliaii even 
the best of the models that they now produce. It is to this house 
under the cultivated guidance of Dr. Abbe and Dr. Czap.sk i, that 
we are indebted for the splendid perfection to which the optical side 
of the microscope has been recently brought ; and when we know 
that the ‘ Continental model ’ has, in the hands of the firm of Zeiss 
passed from an instrument without inclination of the body into an 
instrument that does so incline, and from an instrument without 
sub-stage or condenser into one provided witli the latter of the.se 
absolutely indispensable appendages, and fiimlly from an instrument 
with a perfectly plain stage with < clips’ into what is now a statue 
with mechanical movements— wc can but hope that these concessions 
to what has belonged to the best English models fir over forty years 
may lead to an entire reconstruction of the stand— a wholly*^ new 
model — ^intended to meet all t he requirements of modern high-class 
work in all departments, and with a fine adjustment of the most 
refined class. We cannot doubt, if this were so, that the ssime 
genius ■which has so nobly elevated the optical requirements of the 
in.strument ■would act with ecjual success on its c[)n.sti‘uction and 
metdianism. We have been told in the friendliest sjiiidt, bv one 
deeply interested in the Continental stand, and a master in (iptical 
knowledge, that on the (>f)ntineiit the mici'oseope is ‘ actuallv almost 
exclusively used’ in a vertical position. Xeverthfdess we know 
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what elaborate ai'raiigements have been made to enable the body to 
be inclined in all the better models, and surely the English stand is 
;,s capable of Ijeing used in this position as the most primitive Con- 
tinental instrument ; but the doubt we have is as to whether the 
most primitive Continental stand possesses the same primal adapta- 
bility to all the modern optical and mechanical improvements of 
tlie microscope as is possessed by the English stand. It is said 
tliat ‘ the Continental mioi'oscope has closely followed the wants of 
the microseopist, and that in its mechanical ar rangements it has kepi 
pace with the increasing improvement of the optical iiarts, without 
outrunning them, as has been the case with many English forms of 
construction.' With the deference and good feeling with which we 
receive this statement we are bound to say that it does not present 
itself as historical. The mechanical parts have not in reality kept pace 
with the optical improvements, for when apochromatic lenses of 0*95 
N.A. to rl N.A. are used with large illuminating cones they become 
s!) sensitive to focal adjustment that the Continental fine adjustment 
(the best form of which has hitlierto been used by Zeiss) is not 
sufficiently slow to permit of accurate focussing in highly critical 
work. Applications have, for instance, been made to f owell, AsHng 
liim to increase the slowness of his fine adjustment, which is now 
twice as slow as the best Continental fom. But perhaps the 
clearest evidence is found in the fact that, while we are passing this 
book through the pres.s, two striking proofs of Continental conviction 
that their fine adjustment should be rendered slower and more sen- 
sitive are given, first, by the beautifully simple and, as we believe, 
most admirable invention of Reichert, adapting a levei- movement 
to his stamls [vkh p. 169, fig. 131), by which he makes the fine 
adjustment more than three times as slow as the be.st hitherto used 
on the Continent; while the firm of Zeiss themselves, in their 
newest model (p. 161, fig. 128), have by another method sur- 
passed all other makers ; and, as I leai'n by the courtesy of the 
iirm, ‘the micrometer screw of this new .stand is adjusted for 
of an inch for each revolution of the milled head ’ (figs. 129, 

130 ). 

We ainiiot but believe that this is the best evidence we can 
have of the validity of our contention in the last edition of this 
book that the Continental fine adjustment was too coarse or quick 
for the almost perfect objectives and eye -pieces they themselves had 
given to the world. 

We have written throughout this book too frankly of the eminent 
services of Messrs. Zeiss, to the furtherance of the interests and pro- 
gression of the microscope as a scientific instrument, to be misunder- 
stood in making a plain estimate of the quality of the model on which 
tlieir elaborate and in some senses beautiful stands are built. It 
will be seen that u e everywhere justify our judgments by plain and 
easily comprehended reasons, aiul the ^■ery eminence ot the makers 
renders it incumbent that practical microscopists shouhl. without a 
shade of bias, assess the value of a stand wliicli is certainly not 
built on lines tliat contribute to a higher and still more efficient 
microscopy 
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At the Siime time we do not blind ourselves to the fact that 
an Englisli market for the ‘ Hartnack ' model has had very 
much to do with the perpetuation of tlie errors which that fornr 
(‘ontiiins. 

The reason of tins it is not difficult to trace. Tlie huhictive, 
method advanced but slowly, in practice, upon the professional 
activities, and even the professional training, of medical men. The 
couutiy which was the hoiiie of Bacon and Newton and Harvey and 
Hunter theoretically accepted, but was not quick to apply, the 
methods of induction to the work of its medical sch(x>ls. Theory and 
empiricism held a powerful place in both the teaching and prax;tice 
of medicine in England until the earlier year's of the present century. 
IHerlicine was absolutely unaffected by Bacon until tlie latter half of 
the seventeenth century. It was not until the eiiily years of this cen- 
tury that the modern school of medicine began its beneficent career. 
But at that time the m ieroscope — one of the most powerful instru- 
ments wliicli can be thought of in the application of experimental 
and deductive' methods to the science of medicine — was looked upon 
and treated by the faculty as a philosophical toy, a mere plaything 
for the rich dilettaiUe. But in spite of this the microscope was 
lirouglit gradually to a high sfirte of perfection, and by the end of 
the first third of tlie (‘entury was remarkably advanced asa praeticid 
instrument, all its essentials lieing more or less coiiqiletely developed. 
Meanwhile, on the Continent the microscope was regarded by the- 
Faculty as a scientific instrument of great and increasing value. 
l)eing used to goexi pur|)ose in making important discoveries in 
anatomy, histology, and biology generally. 

This was gradually realised in this countnj^ and tliei’e aro.se 
slowly a desire to employ the same instrument in England. But. 
although English instruments of the most practical 1 and relatively 
perfect kind, representing the large expeiience of many careful 
amateurs, were easily accessible to our medical men in their own 
country— because it was on the Continent that tlie investigations 
referred to had l)een made — it was nothing less tliaiithe CoutinenUd 
mia’osmpe that was .sought after and obtained. A¥e have been told, 
indeed, that ‘ the development of the English stands has not 
depended on the wants of llie microscopist,’ but has been tlie I'esult 
of ingenuity and invention. To this we simply say that it may lx* 
true that their development has not depended on the imimdwie. 
wants oi! tlie uue\‘osco\>\st, but was \n many Cixses tbe result not of 
ingenuity so much as of powerful insight and foresight. And how 
often have these anticipations V)een realised! Because early obser- 
vations of a liistologieal character (and therefoi e of a nature to lie 
lieyond the sphere of tlie lay amateur) had been successfullv maile 
witli a certain form of mierosc'opi^ on the Continent, it was practi- 
caliy argued that tliis must lie tlie mo.st suitable in.sti’uiiient for such 
a pui'po.se ; but this wns an inference made without knowledge of or 
i-efereiice to the well-known English models. 

Let us carefully examine this instrument. The typical form 
was that made hy Hartnack. ISeen in its primitive state, we have 
it in the catalogues of all tlie Ci)iitinental makers — Zeiss, Lelt/, 
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Keiclici't, and the rest. It is a non-incliniug instriuijent, with a 
slioi't tube on a narrow horseshoe foot, in which steadiness i.s 
(tl>tained by sheer weight. It has a sliding -tube as a cofirse adj^ist- 
inent, and a direct-acting screw for the fine adjustiuent. The stage 
is .<<inall, ainl tlie aperture in it is relatively still smaller, of no service 
ill reaching the focus of an object by toucli witli a higli power. It 
is provided with spring clips, and a diaphragm immediately below 
the stage, and a concave mirror. Now it has been said tliat the fact 
that the Powell stand, e.g. of forty-five years ago, adapts itself without 
iiiaterial change to the most modern appliances would he looked 
upon bv the German student as being ‘ 110 coiiimendatioii/ because 
it would mean that they were more elaborate than was necessary, 
hut what are the facts? Let us take an Oherhauser of 18H7, and 
(■((inpare it in one essential particular only with a very early Powell, 
designed in 1834. It was a stage-focussing instrument. As a fact 
the Obeidia user will not focus a low-angled J-inch objective properly ; 
the fine adpistment works in jerks, and the lateral movement causes 
the object to go out of the field. The Powell y ill non: work an 
apochroniatic of L4 N.A. oil immersion with accuracy and precision ; 
but if an apochroniatic oil immersion of 1'4 were placed oiitheObei'- 
liauser it would be at great risk to the objective. Now ei’en in early 
(lav.s accurate focus.sing was surely a vital matter, and the foresight 
that could anticipate wliat might require more delic-ate focussing than 
the objectives then in use was wise, and to the student profitable. 
I'he Powell No. 1 stand, as it is now, was in the iiiaincon.sti'ucted in 
1849 . so fill* as regards tripod foot, limb, coar.se adjustment, and fine 
adjustinent with Turrell stage. The alterations that ha\e been 
introduced }ia\e been the concentric rotary stage (1861). and the 
present form wa.s manufactured in 1869. 

A snJhstage condenser was rarely u.sed, liecause up to a conipn-a- 
tlvelv late date (1874) it was regarded by many on the Continent 
as a mere elegant phu^hing ; its true l alue was nctf perceived. 

On this model all the micro.scopes of the firm of Zeiss, of Jena, 
;ne constructed, a.s they are used almost exclusively on tlie Conti- 
nent. and are regar<led in many of the universities and medical 
schools, both here and in America, ns possessing all the qualities 
reepured for the be.st biological re.search. 

If we examine the fine.st of these instruments made up to 1885, 
we are uiqwessed, as we always are, with the beauty and care of the 
worVuvansbip and finisb of tins fiian ; lw\t, t\\eve is tbe same beavy 
hovsesboe foot, steady eiunigb wbile tbc instrument is j^oa-iarbaiay, 
only needlessly heayy, requiring common ingenuity alone to get 
e(|ual stca<liuess with one -fourth the weight. Hut since this instru- 
ment has been arlapted to the English form by Ixfing made to incline 
10 any angle up to the horizontal, the f^ot but insecurely balances 
tlie instrument, and it is not diiluailt. as it is not uncommon, to topple 
it oyer. Indeed in their photo-micvographic outfit the Me.ssrs. 
Zeiss practicallv see this, for they siqtply (cnother foot to ndivh the 
inkroscfgm is clamped. Messrs, Bausch and ]joml> tell us that the 
foot of their ‘ H H ’ Continental microscope is ‘ h&triljf kadd to misure 
.U'reater .stability.' 8iillc and Poalk (188G) and dlcLaien (1884). and 
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now Ross, atl()))ting tins foot, employ the added mechanism of the 
revolution of the pillar on the foot (an ohl device) to secure stability 
at all inclinat ions {vide tig. 185, p. 232). Surely if the horseshoe 
fdotwort^ satisfactory for the inclining luicroscope these inoditications 
would not have heeii deemed needful. Besides which we note tliat 
for the same jaujiose the C uitinental maker, Avhom w’e venture to 
think very alert to the true needs of modern microsco[»y, Reichert, 
prolongs tl\e projecting ‘ toe ’ of the horseshoe, giving it almost n 
tripod form. 

It must; not be forgotten that this want of balance is with the 
short, nol/ the long body. 

The diameter of the tube is small, being sliglitly over seven 
(dgbths of an inch. No doubt a low-power eye-piece with a laigp 
field is ext remelv useful as a finder, but this advantage is completely 
lost with the original small Cout iuentjal tid)e. Tliat this is seen to 
be a di.sadvantage would appear certain, because the photographic 
microscope model of Zeiss has a larger hodapinhe ; and in their recent 
^ Appendix ' to their latest catalogue they admit that for certain pur- 
jjoses other stands made l)y them, ■ owing to the limited diameter 
of their tube.s, cut off the field ; ’ a significant fact for those who 
would narrow the English body, wlien it is remembered that Powell’s 
is, and has been, suitable for all purposes witlmut alteration, and 
long, short, and binocular bodies are interebangealdo. 

At the date of the p\ihlication of our last edition, out of eighteeu 
models ten were made with inclining bodies, and three had sliding 
coarse adjustment. "But in the twelve models for 1 889 ten incline, 
while only two ai'O rigid, and eight have rack -work, against four 
having sliding tubes for coarse adjustment ; hut in the curreiil 
^vitalogue of Messrs. Zeiss six out of eight models have inclining 
l)odies. two are rigid, ami one has sliding coarse adjustment. This 
is a manifest, if ,4ow. confoi-mity of the primitive model to the 
English type, and hardly suppoi-ts the affirmation M.hat (dui-iiig the 
la.st forty years) the (Jontinenfal microseope has (<losely followed the 
w'ants of the micros(*opist.’ 

The direct-actifig screw, only slightly modifierl, obbiins universally 
in these models. AVe have already plainly sj^id that this is not .sufi 
ficiently delicate in its action foi’ critical w'ork with an apoehromatie 
object ive of 1'4 or 1 5 1 Ulme^ic^d apeidiire, especially as a micrometer 
sci'e.w with a necessarily delicate, thread is l>oun<\ t('i carry the com- 
bined weight of the body, limb, cittrse adjustment, and the 
opposing spring; thati it will wear loose under the .stress of 
constant u'ork is ine\'ifalde, ami finis its utilitv must be wholly 
gone. 

The 1889 model Ims a new form of fine adjustment, the alteration 
being that the micrometer screw acts on a hardened steel point. This 
may cause it to woi'k smoother ; but as no weight is taken off. there 
is difficulty in discovering any reason for its admitting of more 
prolonged use without injurious 'wear. In supjiort of this is the 
fiict that in the new [ihotograiihic stand made l>y this celebrated 
firm, with so extremely delicate a fine adjustme^it (fig. 1 29), we 
have learned through their English re|)i'esentatives that only one 
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(iftk of the amount lifteR by the micrometer screw of the 1889 
lifted by^he stime s(a‘ew in tlie new model. It shuuhl be 
ivmembered tlmt few makers of microscopes in England, tliough 
they may be for class and school })imposcs, if they use a line adjust- 
ment at all, use any tiling les.s delicate than the (jampbell differential 
>('row ; although it seems on the Continent to be believed that tlie 
direct-acting micrometer screw of the Contiiieiii.al foron is still in 
\ogue. 

It must be plain that a screw of nVi^h incdi to a revolution 
rannot bear for long the heavy strain of the body of a micro.scO])e. 
The remodelling of Zeiss fine adjustments in 1880 iindoulitedly 
improved their construction and quality of work ; but so fine a steel 
thread is not meant to carry weight and sti’ain. Tliis a.pplies to all 
ilelicate iiLstrumeiits of precision. 

The stage of this instrument, in common -with all built on the 
same model, has three fundamental errors of design : — 

i. The stage is so naiTow that the edges of the 3x1 slijis are, in 
some Continental stands, allow^ed to project over the edges, Messrs. 
Zeiss have profitably departed from this fault by giving to their 
larger stands a stage in size more like the English type. 

ii. The .stages have a,n aperture so small as to limit their useful- 
ness in fo(*ussing w’ith high powers, 

iii. Instead of a sliding ledge they })i'Ovide wdiat still more 
efficiently militates against easy and rapid focussing, viz. spring 
clips. It is unfortunate that no stage on this model admits of the 
use of the finger to aid in reaching the focus. This gentle tilting 
up of the object, as we approach the focal point, would save hundreds 
of caver-glasses and objective fronts — and wt have reason to know 
that not a few are broken with this form of stage ; but we have never 
seen put forwmi'd, and do not know’, a single I'eason in justifiimtion 
of a small aperture in the stage. 

Another important point is the absence of rotaiioit in the 
ordinary Continental stand. True rotation is a strictly English 
feature, which ha.s been in use and carefully constructed for inanv 
year.s. Audits value is great; it is an indispensable adjunct to 
]iraetical work. 

Messrs. Zeiss, some twnnty years simv, copied the Uheiiiiiuser 
form of rotation for the stage ; they did this by making tlie body 
ami Vunb solid mth the stui/e, si't that the whole votutes to- 
gether. 

Practicallv there is only one point in favour of such a move- 
ment, ami that is, that the object remains exactly in the sjime 
iKisition in regard to the field. But against this arrangement there 
is- - 

1. The liahility of throwing the optic axis above the stage out of 
centre with that below the stage, and this though the workmanship 
he, as it is, of the highest oriler. 

2. Tlie rotation of a microscope object for ordinary examination 
h really imimportant, as there can be no top oi' bottom to it. Even 
for ol)U(pie illumination it is not lequired, as it is always easier to 
cotate the illuminating pencil. Theonlv inst.ancesiii whicli rotation 

S3 



26 o the history anh development of the microscope 

of the olijoet is :u'e : (a) When the object is polarised^ and 

then it is a distinct disnhaiita^^e not to be able ^ rotate the object 
iiulepoiidentiy of the l)ody which carries the analyser. In short, the 
stio^e roiatin^nndependently ofthe body would be preferable because, 
if it is required to rotate tiie object on a. dark polarised field, the 
polarisin^^ and anal}’sing [H'isins can he set at the pn'opef angles, and 
then the object rota ted u-ithont disturbing the relative positions of 
the prisms. 

Hut this cannot be done with the arrangement of the Zeiss 
model, wliicli rotates laidy and stage. The linn have, hoAvever. 
more reccnth' introduced a rotating stage based on the Englisl! 
model, and we are glad to give our tcstiinonv to its admirable 
wairkmanship ami [iei'fc{‘ti(m of centring. The contention, however, 
that we tldiik in all friendliness is sustained, is that the chaiac- 
toristies (tf tile Englisli model u ere not supei'fluous, and that tla^ 
(tmtinental imxlid has only too slowly followed the requirements 
disco^'el•ed and used by the makers of the best English models so long 
ago. 

(;1) For photo liuerographic purposes. — In this case, in the Zeiss 
stand, the head i>f the fine-adjustment screw is geared to the foi'ussing 
rod ; so. manifestly, i-otatioii of tlie liody liecomes impo.ssible. 

Thus, b\' ado])ting rotation in the foi'in chosen, the highest ends 
for -which the microscope shoald revolve cannot be accoin[dis]HMl. 
and the newer form of stand must be adojited. 

The sub-stage is often quite wanting in the common Continental 
forms. Tliis ^^■as true of the Hiirtiiai’k stands, with rare excep- 
tions; the N'achet instruments were [U'ovided with an elementary 
form. 

As wc liave seen, until quite I'ecent times, the condenser v'as 
regarded on the < 'oniinent as a saperflv.Oiis, if not a foolish, appdiance : 
hut that prejudice lias been killeil bv the light thi'own on tlie whole 
(piestiou by (1) tlie cliroiiiati{‘ (1 873), and now (2) tJie acliroiiiatie 
condenser of .Vbbe, and finally (3) by the ‘ centi-ing aelii-omatic 
condeii.ser,' only just made accessible by this firm. Thiseondenser is 
not only foetissod by the raek-and-[)iiii()n movement, bnt also by 
means of a speeiid fne adjustinent for bringing ont its most delicate 
results. But e\en a eondenscr was in use in England in tlie yeai- 
1091 {vide fig, Ibl, p. 133), and the best work in England since tlie 
invention of achromatism lias never been done without one. 

In the mounting of the Abbe condenser every possible ingtuiuity 
ha.s been disjiluyed to make it do its work without a sub-stage ; but 
a permanent I'cntring .and focussing sub-stage, into whicli this ojitical 
arj'aiigeiiient could, auafiigst others, fit. might be made with h.alf flie 
labour, ingenuity, and cn>t. Rut leather tli.an this, we have in the 
less recent forms the eondeiV'er made to slide on the tail- piece, and 
to lie jammed witli a screw. 

It has therfore neither centrinf/ vor focnsslng gear\ Init, striking 
as it may app.ear. a diajdu'agm , wliich cannot be used with, and is ik* 
part of, the eoiideii.ser. is snpplied in a stand not ofthe most recent, 
but of conquratively recent makia triilt nierhaniad centring and 
rack-\v(*rk focussing moveinmits ! Tliat is to sav, the delicale centra' 
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,/■«/{ optical a)mhlmitlonm\^\t in that iiisti'uinent^rt^;« care of iisdf 
iait a (liaphragm apertiii'e must be centred by mechanism and 
‘oca^sed by rack. 

We know that the idea involved in a rack-wank diapliiagm is 
Oie gnidnation in the angle of the cone of illnniination from tlie 
plane niiiTOr by racking a certain-sized diaphragm up or down. 
Uut this can be better done by an iris diajjhragm, or perhaps more 
|terfectly still b}' a wheel of diaphragms. 

Now, in reality nothing is so iinportaiit as the centring and 
iocussing of the condenser, alter we are once provided witli perfect 
ubjectives; and any mechanical arrangement that woidd enable us 
\a perfectly centre an iris diaphragm or a wheel of diaphragms 
would enable us to centre the condenser. For the rackiiu'- and 
^•eutriiig of condensers there was, until very recent times, iiotlung 
ill the best .stands, of what is donbllc.ss the largest an<l most 
i-nlightened liouse for the mariuficture iif iriii‘rusco[>es in the 
world, to supply this indispensable need which the naxlern cori- 
ilrnscr involves. 

We olisei've with pleas^ire advances in every direction in which 
we have called attention to defects. The inon- recent in.struments 
iiie marvels of ingenuity; we present, in fig. 1G7, tla' latest and 
finest form of Zeiss’s best microscope. 

Tlicre is no fault in the workmanshi]) ; it i.s tlu' best possible. 
The dmltju onhj Infanltij \ there is nothing to commiiud commenda- 
tion in any part of the model ; and. seeing that the iMf‘ssrs. Zeiss 
have now progressed so far as to furnish their first-class stand with 
tile English mechanical mo\ement, and evim stage rotation, ami fine 
adjustment to tlieir newest and host sub-stage condenser, we can 
hut Itclievo that the advantages of tliese improveiiients will make 
plain the greater advantage that would acena.' from an eiitirelv new 
model. To all who study earisfully tlie liistitrv nf the microscojie 
ami have nsi-d for many years every pj'iiicipal form, it will, we 
Ijelieve, he manifest that tlu' present best stand of the best makers 
of tlie Continent is .-in o\ er-bur<leued iitsti iniicut. Its iiuiltijde.x 
modern appliances wore inner meant to he carvied hv it. The 
:itteiii[)t to eoml>ine a dissecting mi(ro>c(»p<‘ with an observing 
microscope reijuired to do the most eritii'a! work is not. wt' submit 
with all frieiidline.ss, eompatihle. 

The Purchase of a Micros cope.— A desire to possi*ss a goo<l but 
not costly microscope is extremely eonimon. hut as a rule the 
intending purchaser has little knowledge of the instrnmeiit. and 
(Iocs not profess to know wliat mv the indispens;d)le parts of such an 
apparatus, or vhat paits may, in tlu* interests of economy and his 
s[)ccial (thject. be (lispeiised with, leaving him still ]>(.)sses.>ed of 
!> sound and well-made instrunu‘nt. W*e may lirietly consider tliis 
matter. 

The first (pieslion to he asked wlieii a niieruscope is to be ]iur- 
chased is, ‘ wiiat is the order of importance of the \ari('us parts of 
a iim-rosiope ? ' In answering this ipiery it will he to some extent 
true tliat siihjecth it y of judgment will a]i}ieav. lint we believe 
that the following tnlde of the relative order of imporlanee of tlie 
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p;u't> of a luicroH-ope will ctuinueiul itself to nil ^^< 1 rkev 8 of large airl 
ex|K'rieiU‘e : — 

1. A coai^e adjustment by rack ami pinion. 

2. A suli-stagc. 

:l. A iiue udjnstiucnt. 

4 , M cci II I n ica 1 1 u I )\’ c 11 1 f m ts to s 11 1) - St a g e , / .c. . foe ussi ug a 11 d (‘eiiti-i ug . 

ALeulianit-al stage. 

ti. llack-woi'k 1 0 draw-tube. 

7. Finder to stage. 

5. Plain rotary stage. 

(Oaduatiou and rack-work to rotary stage. 

10. 1" i lie a dj u st 111 e nt to sul ) - sta ge . 

11. Jiotary sub-stago. 

12 . Cmitring to rotary stage. 

This table gives in order tlie relati\ e \ allies of the se\ oral parts ; 
thus a nncros(o[»e witli a rack-and-piiiinn coarse adju.stiuent ami a 
sub stage is to 1 k‘ preferred lietbre a microscope with a rack-amb 
pinion C(»ar.se adjustmeiiT. a fine adjiistment, but no snh-stmje,. Ora 
microscope with a (‘oarse adjustment liy lack and pinion, a sub-stage, 
ami a liiu* adjustment, is to be preferred before one witli the same 
coarse adjustment and a iiiecliauical stage movement, but no sob- 
stage or hue adjustment ; and so on. Tbe last item is of least 
iiu[)orla lice, and tbcMinportanee of all the otliei-s is in the order of 
their nuiiieration. 

A iiotlu‘ 1 ' matter of some .significance to the tyro is the relative 
value, from the [)oint of view of tinu^ consumed, and therefore of 
prime cost, in pvmlucing the several kinds of niicr().seopes. Tlie 
Aio. 1 stands of half a, dozen makers may he neai" the .'•ame cost, but 
may nevm'theless have involved the consumption of very diftereut 
([uautities of the higlie.st class of .skilled labour in their iiroduction. 

Alaiiiteslly tlie llrst; tiling to be looked at in a mieroscope making 
any preteiisioos to (piality is tbe c.harader of the irorkmfinskip and 
this should carry with it tlie qiie.stion how much machine, and liow 
much liaml work ami fitting there is in it. Arcs graduated on 
silver, for exaiii[)le, ari^ very attractive, and witli many are most 
impressive; but Ihey are simply machine work, and quite inex- 
pensive. 

Ill tlu‘ two great types of models, the bar movement and the 
«)ackson linili. tlie bar inovement involves more than double the 
actual liiuid-fitting ; while a fme adjustment with a. movable nose- 
piece takes twice the fitting of one in which the whole body is moved 
by the line -adjustment .screw. In the same way a mechmikal sUnje 
w hicli is made of machine-jdaned plates, sliding in a iiiaclhne-]>l<>iighed 
groove, is mueli les.s costly in time and quality of lalxmr than a ha mb 
inadc sprung .singe. ISo a svb-stacje having a movable ring presseil 
by two screws against a spring has very far less work, and work of 
a lower (das,s. than one Avith a true rectangular centring movement. 

ft will follow, then, that a Jackson-limbed microscope w’ith no 
movable nose-piece, wil.h a machine-made niechanicjil .stage and a 
movable ring for sub-stage, will not have involved more, perhaps, 
than a third of the skilled work which mu.st be expended on a well- 
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uia<le instrument of the Sivme size with a hav moveiiunit. But if we 
L'oiupave the i‘nnge of prices as presented by English and Ameriavn 
makers, we inrely find an etpiivalent difference in (‘ost. 

Tlien the tyro will be warned by this nut to purchase a pretentious 
instrument with a har movement and mechanical stage for, siiy, 5L 
Bub if (t k/fi‘ -priced 


iitstrinneiil 
jifirckctsed, 


to he 


iluiost cerLiiii, it l)e a 
.liickson model, see 
that it has a rack- 
work coarse adjust- 
ment. eschew the short- 
lecer nose-piece, and 
have a differential 
screw fine adjustment, 
a large plain stiige. 
and an elementary 
centring sub -stage. 
Such an iiistrinnent 
sliould be obtained for 
a/. 10s. 

Although not fre- 
(jiieiitly used, it would 
i )0 doing our work im- 
perfectly not to ref(‘r 
to a form of micro - 
scope devised for 
chemical purposes by 
ilossrs. Hi usd 1 and 
Lomb. The object of 
Prof. E. (Jliamot, of 
1 1 10 Cor nel 1 Uii i vei ’si tv , 
in inducing tliese op- 
ticians to make this 
microscope was, he 
says, to enalfie the 
chemist who had 
mastered tlie n.seof the 
microscope ‘ to (nn[doy 
the elegant and time- 
saving methods of 

niKTO-aiialy.sisf thus 

giving him ability * to 
exiimine (pia I ita ti vely 



Fio, ilicroscope for chemical purposes ilsi>7). 


the most minute amounts of material with a rapidity and accnracy 
which are inilv marvellous, not to speak of the man}- substances 
for which no other method of identification is knownn' 

An illustration of this insti'umeiit is given in fig. 200. It will 
be observed tliat it follows the Continental model ; ‘ since in all the 
work for which it is intended tlie stand is always u.scd in an upright 




264 'I’HE HISTOKY AM) DEVELOPJIENT OF THE MICROSCOPE 

w.sitiou/ it is not provided •\vitlni jointed pillar to secure inclination, 
Tlio coarse adjustinent is by rack anti pinion ; the fine, by the usnal 
niicroineter slVc^v of tins firm. The stage is circular and rotates, 
being provided with cent ring screws, and its margin is gradiiate<l 
into dcTec's fur nieasiiring crystal angles. Except flu- this graduated 
circle the stage is faced with hard rubber. The sub-stage is adjust- 
able bv iiioans of a (|uick-ncting screw. This is fitted with polari.sing 
apparatus, consisting of a lai-ge \i{‘ol ])i'isiu so m(.)unted tliat by 
mean.s of a pin fitting into a slot in the sub-stage the prism can 
;dw'a\s l>e re])lace(l in exactly the same ]Ktsitioii, and vof,ated with a 
circle gradaate<l in degrees ; (U’ it can be sw'uiig aside when polarised 
liglit is not needed. The analysing Nicol prism is also pi'ovhled 
with a graduateil circle, and is so mounted that it fit sover and above 
a II V eve-piece. The draw-tube of the microscope is furnished with 
a small projecting pin, wliieh fits into a slot cut in the liottom of 
the tiibe-mounring of ibe analyser. Tdiis slot lies in the same 
vertical plane as the zero })oints of the analyser, the polai'iser, .and 
the stage. The zero poiids of ilie two former art* .‘irranged as usual 
for the position td' ci'ossctl Xicols; hence, wben the polariser is in 
position ami at zero, and the analysei' is at zero ami is in position 
liy its pill and slut, the Xicols are ci'ossed without fuvtlier adjust- 
ment ; this, nf course, saves much f.iiiie. ihit it is clearly ;i .simplified 
petrob.igical micruscope ; it is not intended for ])etrological or 
minerji logical work, it is simply an instrument Diiade at a very 
low price, but stated by Prof, (.,'bainot to V>e competent for all 
ehoniical wvu'k or tiuod examinations. 

An equallv important sjieeial form of inieroseo[ie has been made 
liy Ileiehert for the examination of metals.^ Fig. 207 sliows this 
instrument made according to the instructions of Dr, A, Pejtib of 
Budapest, 111 geiKTal a[)pearance it I'csemhles the ordinary horse- 
shoe stand, lint it lias no miiror, a]ul the stage, which is iiiadi* 
adjustable in height, may also be I'emoved altogether. 

’^^'ith very low powers the s[;ecimen may be illumin.ated by 
diffuseil dayliglit or artificial light falling freely upon its surface. 
With higher [Kiwers an illuminator is used which fit.s the tuTie of 
the microscope, ami is providtsi with an cxtensitni to receive the 
eye-piece. The illnminatov eraisists of a thin plate of glass placeil 
at all angle of lb ' w'ith l eganl to the axis of the tube, and of a con- 
ilensing lens whoso focal length is eipial to the .sum of distances 
between the lens and the plate of glass, and between the latter and 
tlac object. 

Tile ipiesUou fd ibuminatioii is a very hnpoitant one, to wine 
great attention is to be devoted. 

A.s source of liglii^ the AViier,' a triplex burner, adjustable in 
lieiglit, may be j-ecnmniemled ; - it is placed at a distance of one 
metre from the illuminator. The ffame is sniTounded by an iron 
or asbe.stos cylinder, w ith only the necessary ajierture for illuminatims 
of i lie object. Die source of light should be at exactly the .sjiiue 
level with the leii.s, 6, of the illuminator. On removing the cyc- 

(’'riitrcd-Zfifinig fiir Ofifik mul yicclmuik, Xo, 17, 1S<J7. 

- Suppliwl Ijv K+-iclu>rr. 
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piece amt looking through 0 c, it will generally be found that the 
■nicroscopical held is not evenly illuminated ; the light should then 
ite lowered or raised until perfectly unifoian illumination is 
i.btained. 

The beam of light received by the lens, h, is made to converge, and 



Fiti. '207. — Rf'iulit'tl's microscope for Hie eNumimition uf mctaU il«y7). 


is roliected downwiuds, in the direction oftlie axis of the instrument, 
ty the glass'plate, It is then (^oiuhmsed u[>on the object In the 
lenses of the objective itself, The iiluiviiixate^l object scuds biick a 
portion of the light, which passes through the ol. ijective and the plate 
reaching the eye at 0 c. 

The object to be examined should lan e two parallel surfaces, so 
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lliat it mtiv he placet! on the stage of the microscope in a perfectly 
hoi-izontarpositiou. With a. view of compensating for small «le^ 
liciencies iu the parallelisui of the two su I'faces, the stage is provideil 
with the screws, by wliicli means it may be tilted, and the upper 
surface of the object made to lie in a. truly horizontal plane, which 
of course Is lU'cessary in order to place the entire field in the foen.s 
of the instrunieiit. *^The stage is a mechanical one, the milled heads, 
T"' and imparting to it a. forward and backward movement and 
a lateral movement respeetivedy. 

After the soiuve of light has been [ilaced in the most desiralde 
position for the examination of a certain specimen, if a sample of 
dillercnt thickness be placed on tl\e stage, the microscope must l)e 
lowered or raised, with the result tliat tlie light is no longer in the 
in-oper [losition and must again lie adjusted. To a\-oid this trouble- 
.^ome manipulation, the stage of the microscope is made adjustable 
in height liy turning the milled head T". ^Vhen tlie object is too 
thiek to ))e [daeed on the stage, tlie lattm- may he turned to one .^ide 
and the [ireparation laid on the foot of the microscoiie. For still 
lai'i^'er pieces of metal, the stage may be removed altogether, the 
budv of the instrument turned around 180“, and the metal placed on 
the'taide bv the side of the stand ; or the body of the microscope is 
coiiueeted dirisdly with its foot, tVir which jnu-])ose the intermediate 
pieet^ liearing the stage must be removed. 

Prof. liejtos method for the preparation of tlie sample is as 
follows ; — 

The piece of metal to be examineil has two of its sides planed oH' 
and made [larallel. The upper surface is polished until it is fi’Ci* 
from scratches. It is then washed with absolute alcohol, anrl wijied 
^v!t h a. .soft clean cloth iu order to remove all fatty suhstanees. Tlie 
polished surface is next surrounded with a layei* of wax .so as to Ibiia 
a rim projeeting a lit lie above the surface. Peing placed horizon- 
tally, pure eonceiitrated hydrochloric acid is poured ovtT it to a 
deptli of about three millimetres, and allowed to act for five minutes. 
It is then poured off, and the- surface covered with concentrated 
anuiiouia. The wax is removed, and tlie surfac’c wiped dry witli a 
soft cloth. A little oil is next, poured over it and allowed to remain 
for fifteen minutes. 

It is thou dried again and rulibed on a piece of chamois leather 
until it assumes a shiny appearance. 

When large pieces of metal are to lie examined, small poidions 
must be pili.shed by hand and etclied as desiadbed above. 

Fig.s. 208 and 2()U are photomicrographs taken with this instru- 
ment, which arc self-('X[)lanatory of tlie nature of the work it doe.s. 

Tank microscopes (also called aquarium microscopes) ha\ e, for 
certain kinds of work, a value of their own. They may be used 
with low powers outside the glass oi- above the water ; or the 
object-glaas may be protected l»y a water-tight tube outside it, and 
with a disc of glass fixed (also water-tiglit) into that end of the tube 
which stands below the front lens of the objective, at a jiroper 
distance for tlie focus, may then be plunged into the a(|uarium. 
imleed, the tube of tlie iiistiiiment may be so protected as to work 
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for sonH‘ (leptli. and have some range in the water of a goo(hsize<l 
tank. 

A Ix^autiful instrument of this class has lieen (levlse<l hy Mr. J. 
\V. Stephenson for the examination of living objects in an aquarium. 
A brass Uir is laid acros.s the aquariinn as shown in the woodcut 



Fio. 208,— Wrought iron magnified 2.50 diameters. 



Uto, 203,— OrdinaiT stcoi magnified 2ul) diameters. 


(lig. 210), To adjust it to aquaria of dill’erent widths the support 
on the left is made to slide along the bar, and it can be clamped at 
any given point by the upper milled head. The milled head at tlie 
side, by pressing on a loose plate, fastens the bar securely to the 
a(}uarium. 
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Between tlie ends of the hiv slides an arm carrying a. spnni«f 
socket, and tlie anii can he clamped at any given point of the biv. 
Through the s(tcket is passed a glass cylinder, cemented to a bras^ 
collar at the upper end, and closed at the lowei' by a piece of cover- 
tdass. Into this cylinder is screwed the body-tube of the ]iiici‘osco]u' 
with eve-piec<* and o]>jective, whicli are thus protectetl from the 
water of t he aipiariiim. The microscope is focussed by rack and 
pinion (milleil head jnst lielow the eye-piece), and in addition tla- 
objective is ,soi'ewe<l to a drau -tubc, so that its position in tlie cylinder 
may he approxiiitately regulated. 

*Tlie arm of the socket is hinged to allow of the inicroseope being 



Fui. 210 


inclined in a [>lanc j'arallcl to the sides of the a(juariniii. Ihe lower 
milled head clamps tlie hinge at any desired inclination. 

I'he socket, also rotal.cs on the* arm. so that the microscope can hr 
iiichiied in a plain' parallel to the front of the a<|uariuin, Tims any 
point of tlie aipiariiim can lie reached. 

As an adjunct, and admiralile aid to tlie student of the tank and 
pond, as well as a simple and easy means liv which specific forms ot 
microsi'opic life may be foiuxl ami readily taken, we call attention 
to the tank microscope of 3Ir. C, Ihmsselet. It is illustrated in fig. 
211 and .scarcely needs further de.scription. 

Une of Zeis.s’s Steinheil aplaiiatic lense.'i, to which we have 
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(•(‘ferred, is carried on a jointed arm, ^vhich is elauiped to the tank,^ 
the tank heiii^r nowhere deeper than the innge of focus of the lens 
^‘inployed. The arm moves on a plane parallel to the side of the 
liink, and the lens is focaissed hy means of a rack and pinion, 
tcranged u])Oii the body 
,,f the clamp, as seen 
iijion the left-hand 
cornel' of the figure. 

The followiiig points 
will re{a)mmend them 
■>el\'es to those who arc 
in tlie halht of looking 
;it their cajTures witli 
the pocket lens in the 
(inlinary way : — 

TVhcn an object of 
interest is found, it can 
he followed with the 
itreatest ease a n< 1 ta k en 
ap witli a pi{)et,te, both 
hands being fiee for this 
itjieration. 

It .so frecpiently Fio. :211.— Eousselet's aquui-ium mit-ro^jcope. 
happens that a minute 

ihject is lost siiujily hy reinoviiig the ])ocket lens for an instant to 
take u[) the pipette ; in the above apparatus the lens remains in the 
p<jsition in which it has been placed. By a no^y process gla.ss tanks 
are made w ith melted .seams ; these cannot possibly leak, and arc to 
he preferred to those with the ordinary' (*emeuted joints. 

' Wii picfov tu have h stand <n' ‘ rest ' for the tank, amt on one side of tliis a fn‘ni 
pillar to wluelU and not to the side of tin* ainnirluiii) the jointed arm is eUunped. 
This eiuthles shallower and deeper tiiuks to be employed without shifting the rack 
c'iirryiiig the lens. 
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CHAPTER IV 
ACCESaOliY APPARATUS 

This ('h:i[)ter on iipparatus accessory to the microscope might be 
easily m;i<le to occupy the ^vhole of tlie space Ave pro])ose to devote 
to the entire remainder of the book ; the ingenuity of successive 
microscopists, and the variety of conditions presented liy successi\e 
iinprovemeiits in the microscope itself, liave given origin to a 
variety of appliances and accessory apiiaratus that it would l)e futile 
in a. pi'iu'tical handbook to attempt to tignre and desci'ibe. We pro^ 
]>()se, therefore, only to <1 escribe, and to explain the mode of snccess- 
fully employing, the essential and the best accessories now in use, 
neglecting, or only incidentally referring to, those which are either 
supplanted, or which present inodificjitioiis either not important in 
themselves or accounted for hy the fact of their ]>ro<hK‘tion bv 
<liirerent opticians. 

I. Micrometers and Methods of Measuring Minute Objects.— It 

is of the utmost importance to be able with accuracy, and as much 
simplicitv as possible, to measure the objects oi' parts of objects that 
are visible to us through the microscope. 

The simplest mode of doing this is to project the magnified 
image of the object In' any of the methods des(*rihed under 
HJamera Liuada and Drawing.’ We carefully trace an outline of 
the image, and then, without disturbing any of the ai'rangements, 
remove the object from the stage, and replace it with a ‘ stage micro- 
meter,’ which is simply a dip of thin glass ruled to any desiretl scale, 
such us tenths, hundredths, tlumsandths of an inch and even less. 
Trace now the piaijected image of this upon the s;urie paper, and tlie 
means are at once before us for making a comparison between file 
olject and a hnov'ii scale, botli being magnified to the same" extent, 
’fhe amount of magnification in no way affects the [)rohIcm. Thus, 
if the drawn })icture of a certain object exactly fills the interval 
V)etwecn the drawing representing the '01 inch, the object measm es 
the '01 inch, and wladher we are employing a magnifying power of 
a liuiidred ora thous<nid diameters is not a factor tluit enters into 
oiir determination of the size of the object. In fact, all drawings of 
inicroscoi»ic olijects are rendered much more practically valuable by 
having the magnified scale placed beneatli them, stj tliat iiieasure- 
ments may at any time be made. 

Ill favour of the above method of micro-measureuient, it will be 
imted (1) that no extra apparatus is ivfpiired, (*2) that if is extremely 
simple, ami (3) that it is accurate. 
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The most efficient piece of apparatus for micro-measurement is 
without doubt the sceew-micrometer eye- piece; it was invented 
;,v William Gascoigne in 1639 for telescopes, and if well constructed 
w a most valuable adjunct to the microscope. It is made by 
st retching acr(>s.s the field of an eye-piece two extremely fine parallel 
wires, one or both of which can be separated by the action of a 
iiiicrometer screw, the circumference of the bra.ss head of which is 
ilivided into a convenient number of parts, which .succes.sively pass 
l,v an index as the milled head i.s turned ; it is seen in fig. 212, B. 
A portion of the field of view on one side is cut off at right angles 
to the filaments by a scale formed of ti thin plate of brass having 
liotches at its edge, who.se distance corresponds to that of the threarls 
of the screw, every fifth notch Ixiing made deeper ttian the rest to 
make the work of enumeration easier. Formerly one filament was 
stationary, the object being brought into such a position that one 
(if its edges appeared to touch the fixed wire, the other wire being 
moved by the micrometer screw until it appeared to lie in contact 



FiCr. 2V2.— The micrometer eye-piece. 


with the otbev edge of the object; the num\>er of entire divisions 
on the scale then showed Imuy many complete turns of the sci'ew had 
been made in the separation of the wii'os, while the numher of 
index -iKunts on tlie edge of the milled head showed the value of the 
fi-aciion of a turn that might have teen made in ;ulditi(m. Usually 
a screw with 100 threads to the inch is employed, which gives to 
each division in the scale in tlie eye-piece tbe value of C)f an 
itK’h, wlulst the edge of the miileil head is usually divided into 100 
parts. 

Both wires or filaments have since been made to move, a screw 
and divided bead being fixed to the stationary wire. Tliere is no 
advantage in this plan. "and it involves iieetlless complexity in calcu- 
lation. "Tlie best method, there can be w doubt, is the one employed 
by Mr, Xelson, which is to have one thread fixed, but mt in the. 
onitre of the eye-piece, but five uotdies in the .s.‘ale from the centre 
on the side furthest from tlie s('i'ew-head. This not only permits of 
a inucli larger object being spanned, but also keeps the average of 
measurements in the middle <tf the ’ field. This is not only 
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eonvcineiit but important, bocau^^e tlie magiiiti cation is not unifoni] 
througiiout the Held. It the [jower emi>loyed is high, in order t>, 
efteet tlie .spa]i of the great magnifieation, one wire (thedixedcenirc// 
one) will he iu the middle of tlie held, t-he other at the margin, and 
the eoiuparisou will not:- be i.rue on aceoimt of the unequal inagnifi. 
cation of the cye-pieee throughout the field, whereas if the wire h- 
placed five notches on one side, botlnneasnrements are brought more 
within the centre of the {iehl. 

IMe.'srs. Zeiss now make a Ramsilen 'laici'OMeier ejfe-piecc. ~ It is 
preu'ided with a glass plate with crossed lines, which together with 
the eye-piece are carried aero.ss the image fwined by the object ivi^ 
Vjy means of tlie measuring screw, so that the adjustment 'alw;i\'s 
remains in the centre of the field of view. 




Fig, '2l;] iilusi rates this instrument, complete and in longitudinal 
section. 

Each division on the edge of the drum corresponds to 0‘002 mm. 
Whole turns are counted on a numbered scale seen in the visual 
fi(dd, and the image may l>e measured up to H mm. 

X modification of this instrument, lacilitating hotli accuracy and 
simplicity. wa,s in 1800 devised by Mr. Xelsond of which we think 
highly, and of which we give an illnstvatioLi in fig. 211. 

Tins screw micromei.er cye-jiiece differs from those of the old 
form mainly in two resjiects : first, the ojd ical part i.s compenssUctl : 
secondly, the micrometer part with l)oth webs can be made to 
traver.se ei*. hhe the held of the eye-piece Ipv scitov motion. 

More imrticularly speaking, the instrument consists of two jnirts ; 
^ -folti-n. It jf, S. IsaO, }); .tus. 
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,iLie, a flat 1‘eet^vngulfir box containing the fixcrl and niova))le webs 
t lie micrometer screw, and divided liead complete; the other part 
may be ftilled an ‘ eye-piece adapter,’ with an outer case to hold the 
al)Ove-meiitioned rectangular box. 

Tlie flat inner box lias a screw atbiched to it which engages with 
;i head 011 the exterior of the outer liox. This gives al>out one inch 
,it‘ screw movement to the inner box, which causes the webs to 
Traverse the field of the microscope. It must be remembered that 
tliis in no w.ay affects the movement of the movable well from the 
llxed, whiib (^an alone he accomplished by turning the graduated 
iiiirromctcr head as in the old form. 

The ‘ eye-piece adajder ’ portion of the instrument is, as its name 
implies, merely an Tulapter to take the optical pait of positive com- 
jtcnsiiting eye-pieces of various powers, 

Tnimediately below the web is an iiis diaphragm. This jicrmits 
!i iliaphragiu to lie used suitable to the power of the eye-]aece 
employed. A guiding Hue at right angles to the webs lims bcejj 
added. Care must be taken to observe that when the movable web 
(■nincides precisely with the 
fixed web, the indicator on the 
graduated he^id .stands at zero. 

If this is not the case, the 
finger screw must be loosed, 
which will liberate the gradu- 
ated hea<l, and then it ean be 
placed in it.s pi'op)Pi- position 
anil fixed. Thi.sisuf uni\ crsal 
a|)[tlication to all screw micro- 
meters. 

Four points are gained liy 

tiiis arraugeinent : — .11 1 vi > r f 

, r ir,, •iU. — Aelsoii s new form of serf w 

(1) Ine compensiting eye- micrometer eve-piPt'f*. 

}tiece yields far better defini- 
tion wlien measuring with apocbroiiiatie objectives tlian either the 
Hnyghenian oi' Eaiusdeu forms. 

( 2 ) J)ifferent-])()wpre(l eye-]iieces can lie emplnved. 

(• 1 ) By means of tlie sciew wliieli moves tlie micrometer webs 
across the field it is possible to perform uieasui'eiiieiits with the webs 
cijuidisfant from the centre of tlie field, and thus (diminate ei-rors 
due (u (li-stoition, 

( 4 ) The ])receding advantage is secured without saiaificing the 
I'ciiefit of a fixed zero web. 



ilessrs, Zeiss liave since adapte<l the com})ensating eye-j)iece to 
tlieir best smvw micrometer. 

To nm the screv' micrometor v'lth success it should not be inscited. 
the cii.shun lias been, like an ordinary eye-piece into the tube of 
tlie inK*roscO])e. but it hare af r/u qtiite inflepetaleathf. 

I'rcventing actual cont.aci wit h the bndy-l ube. 

Plate II. gives the imule of its einplovment. tlic illustration being 
iiiade from a idiotograpli by Mr. Nelson. The micrometer eye-] aece. 
It will he seen, is fitted into a .stand wholly indejiendent of the 
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microscope. This consists of a strong upright, fitted into a iriassivr 
tripod or circular foot. The foot in either case only rests on three 
points ; tlie upright is capable of telescopic extension by a clamping 
tube ; a short tube u-hich takes the eye-piece ls fixed to this upright 
by a coin[)iiss joint. 

To use it, tlie ol joct to be measured is placed in position, and 
the microscope inclined in the usual way. The ordinary eye-piecr 
is removed, and the separate stand with the micrometer in its place 
is }ait in front of the microscope, the extension tube being raised or 
lowered until tbo tube at the top of it, carrying the micrometer, U 
made continuous with the tube of the mi(a-oseo])e, a.s seen in tin* 
drawing. It is well to lea\e fi‘om ^th to i\ths of an inch of space 
between the body-tube and the inieromcter tube. It will be now 
needful to employ corrections to compensiite for the increased lengili 
of tube. If tile olijectivc bo provided with a * correction collar ’ tlie 
adjustment must bo re-eorrected ; but if it is not so provided the tube 
of the microscope must be shortened exactly as much as the tuhe 
cai-rving the micrometer will have lengthened it. 

By this an-angement it will be found that manipulation can he 
effected without the vibration of the mierosco[>ical image which isin- 
evitablvtlie result oftlie revolving oftlie micrometer sta-ew head wliea 
the ini(*r(uneter eve-piece is ]dace<l, as it usually has been, in the body- 
tube of the micvos(‘ope. The consequence is that muoli more minute 
spaces can he measured, and with much greatei’ accuracy. Mr. 
XelsLUi has riqieatedly spanned the Tcnfoth of an inch by means of 
a .sta«e micrometcT in the focus of the objective ; this was replaced 
l.)v a, mounted specimen of A mpki phiira pdlnchhi^iunX he has counted 
n'inetY-six lines in the Konrfh of an i noli hv making the movable wire 
pa.ss successively over them until the fixed wire was reached. By 
similar means tlie Editor lias mca.surcd single oV>jects ies.s than the 
1 inch. 

It will have been [ivemised by tlie (‘areful reader that the stage 
micrometer must be used in every set of measurements; at least we 
would strictly enqdiasise this as tlm only aecurate and scientific 
method. It has lieeii advised that a I'ecord of comparisons with the 
various len.ses in the possession of tlie mieroscopist shmdil be made 
once for all . We <lecideilly deprecate tliis method, unless it be in 
such uttorlv valueless work, as is sometimes done, where lenses are 
uncovrected and accuracy of tuhe-length forgotten or ignored. The 
correction of an objective and the tube-length ought to vary with 
t^verv object, ami therefore a comparison of the stage-micrometer 
and the serew-micrometer slioiild be made with every .set of measiiiv- 
ments. 

Moreoveu’, the majority of stage miei-oineters exhibit very can- 
sideralde ilisevepaneies in the several intervals between the lines; 
il is well in the interests of aecuraey to take tlie sci-ew value of each 
under a high power, find the value of the average, and then notethc 
particular s})ace ov spaces ihat may lie in agreement with the aveiago 
and always use it. An illustration will make tliis clear. 

Ztiss iirovides a stage inicroineter of 1 inni. divided into T aii'l 
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• 111 . The following are the actual values obtained for each of the ‘05 
I i visions, viz. 

8-37 
8-38 
8-38 
8-36 
8'3ti 
8-58 
833 
8' 31 
8-47 
8-33 
8' 33 
8' 38 
8-44 
8-38 
8-40 
8-37 
8*40 
8-2o 
8-38 
20 ) 26 ; 76 ^) 

8'38 lueau value. 


In this instiuice it "will he seen that the last di\isioii. 8'38, agrees 
with the mean, and is the best for all future used 

Having thus obtained a screw -n\iero meter vahtc for a certain 
known intervah the screw-micrometer value for any other object 
being known, tlie size of the object may be fonntl by simple proper 
lion; tints, viz. if 8‘38 is the screw' -micrometer value for '05 imn. 
and (vho (hut for a certain object, the size of the (jbject is 
(i) 8'38 : 6-45:: -07) ; .rnmi, ; 

b’4o X 'Oo AO or 
X—.-- - =-038o mm. 

8-38 

If the answm- is required in fractious of aii Englisli inch, all that 
wc need remember is that 1 incb=25' 1 mm. : tlien 


•05 


= •00151 5 ijicli. 


(ii) 8‘38:tr45:: ’ : a; inch ; 

^ ' 2o-4 

_()-45x^OOl97^-0127_ 

“ 8’38 8-38 ' 

If tlie stage-micrometer is ruled in fractions of English inche.s, 
then sn]>pose the sci'ew-jiiicrometer value tor incli = 4^257, 

iuid that for tlie ohject = 6'45 as before. 

(iii'l 1:^257 : ty45 : ; -001 : .c inch ; 


_(v45x'0(n 

■ ''■■4.007 


= •001515 inch. 


' In the number ^i\en for screw value tiie whole number stands; for a complete 
e volution or number of rt'V(>hitions of the screw head, and the decimal, the portioji 
'■i a revolution read off bevond this. 

r2 
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If tlie answer is required in metrical measureinent, then as [ 
inch=:‘25’4 mm.. 

(iv) 4'2.‘)7 : (v4r) :: ( 001 x 25*4) : .xmm. ; 

,.=^x ■0254^^638^., 

4'257 4*257 

In this ccmnection it will be as well to give two example.s nf 
scale comparison which are scnnetimes required. Thus you hav(' :i 
certain inter\M] on a metrical stage micrometer Avhich you know td 
lie accurate, and you wish to compare an English stage inicrometi-c 
witli this scale in order to find out which particular inteiTal 
inch agree.s with it. Suppose *05 mm. =8*38 screw value as al)ovi‘. 

I lieu all that is iiecesstry is to find tlm point to which the screw 
micrometer must lie .set in order that it may accurately span tlic 
riMiif hich. Take 1 inch=25*4 mm. as before; tlien *001 in<h= 
•0254. 

(v) *0511110. : •0254 imn. : ; 8^38 : a; screw value; 

•02.54x8-38 .... . 

,v'=:- _ - - =4 2o< screw value. 


Converse] V. if a mei rical scale is to becompareil with an accuratp 
English one wliei'c -001 inch=4'257 screw value, then ilie screw 
value for ‘05 mm, may he found thu.s: ‘001 incli = ’0254 mm. 

(vi) •0254 mm. : '05 mm. 4‘257 : screw value; 

,,■=1 ."■-i = 8-38 screw value for '05 mm. 

•0254 


A chf'fip siA,stiinU' for the scret'' has been deviled 1)\ 

Mr. (1. Jackson. It consists in having a transparent arliitrary scalp 



inserti'd into an tu- 
dinary H uygheni.in 
eyeqiiece in the focus 
of tVie evp-lcu.s. so 
that it will lie in tin* 
same plane as llip 
magnified image of 
the object to hp 
measured. Itisscpii 
in fig. 215. Thp 



inetliod of n.sing it is 
jirecisely similar to 
that of the screw 
iiiicromet er : the 

value of j iiuh or 
,\i mm., as the case 
mav ln\ is found in 


Fa;, iil.l, .iacksnn's pye-rifee inii'rdim.‘lcr. teVUls of the al hitl .11 

scale. Tile value of 

the nlijcct ill li-niis of the s;niie scale is also found, and comparisau 
made aceovdinglv. Alt that need he dom> is to substitute tlie teruis 
of the arbitrary scale for screw \ ahies in tlie preceiling examples, aii'l 
tliey will meet the ca.se. 
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The jirbitmry scale shouhl te capable of movement by a screw, 
u’iierwise tlie appliance is hardly as accurate as the first method of 
Hiic-rometry by simple drawing dcscribetl above. 

Of all the methods of micrometry the most accurate is that 
|),‘i'forined by photo-micrography. A negative of the object to be 
luciisiired is taken, and then, Avithout any alteration in tube- or 
{vdiiera-lengtb, the magnified image of the stage micrometer is pro- 
it.cied on the ground glass ; this is spanned hy means of a pair of 
curing dividers. The negative film is then sevatebed by the.se 
ili\ lders. Then you are in a position to make tl)e most accuitite 
iiieasureiiient the microscope is ca[>able of yielding. 

It is exceedingly important, when |)ei‘forming micrometric 
uu-asiirements, to remember that the [>m‘ise edges of all olyects in 
tlie microscope are never seen. Consequently it is impos.sible to 
Hscerbain from what point to what [K)liit. the measurement is to be 
made. 

Tbis, while hardly afi'ecling large and coarse objects, becomes 
siipreniely important Avitli small objects, 

Instead of a real edge to an object you get diiir action hinds. 
These bands alter with focus, and also to a greater extent with the 
aiJgle of the illuminating cone as well as with the aperture of the 
objective. Hence it ensues that the accurate micrometry of delicate 
objects presents one iT the most difficult matters encountered in 
practical microscopy. At the present time o] anions differ gi’eatly 
as to the treatment of |:Kirticulai' cases. 

The following plan of NIc. Xelson’s is the outcome of a long serie.s 
of experiments 

1. The focus an<l adjustment to be chosen may lie termed that of 
the ‘black dot’ (see Elimination of Errors of Interpretation); 
in other ivords, if the object Avere a slender filaiuent it AA^ould be 
lepresented Avhite Avitli black edges. These black edges ai'e due to 
tliffmetion. If the filament isATiy slender and the illuminating cone 
small, there may be seen a Avhite diffraction edge out.sule the black 
one. and perhaps anotlier faint black one ontsiile that agjiin. 

1. Reduce as far as possible the extent of these diffraction bands 
liy (ft) using an objective Avith as large an aperture as possible ; (5) 

I IV using as large an illuminating cone a.s possible. 

d. Measure from the iniier edge of the inner diffraction band to 
the inner edge of the inner diffraction band on the opposite side. 

4. But if the diameter of a liole be required, then the mea.siire- 
ment imrst he made from tlie outer edge of the outer hlai'k diffraction 
hand to the outer edge of outer difiraction l>aud on the o]qH>sitc side. 
It must not be forgotten, hoAvevor, that these rules only ajqdy fora 
[larticular focus and a particular adjustment. 

U. The Camera Lucida and its Uses.— There are a large number 
'd contriATinees dev ised for the puiqxvse of enabling the obseiwer 
to see the image of an objeet projected on a ^urface iqMUi Avbicdi be 
may trace its outlines, but they resolve themselves practically into 
two kind.s, viz. ; — 

1 . Those intended for use Avheii the microscope is in a horii^.ontal 
I'osition. 
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2. Those provided for it when used in a vertical position. 

We shall describe what we consider the most practical forms t,r 
each. 

In point of antiquity Wollaston^ s camera luckla claims the po>! 
of honour; but to use it the microscope must be placed in a lutri- 
zoii1,al position. Its <,mieral form is shown in fig. 216. The ra\s 
on leaving the eye-piece, above which it is fixed by a collar, enter a 
prism, and after two internal refleotions pass iipwai'ds to the eye of 
the ob-server. It is easy to see a ]irojection of the nncro.scopic image 
with this instrument, luit it is when we desire at the sjrme time i.o 
.see the }){'i])er and the fingers holding the pencil that the difiicuhy 
begins. The eve has to he held in such a position that the edge of 
the prism bisects the pupil, so that onedialf of the pupil receives 
the microscopic image and the other half the images of the paper 
and the hand employed in drawing. If this bisection is not equal, 
too much of one image is seen at the expense of the other. Tliis 
was in some sense .supposed to be compensJited by the use of lenses, 
as seen in the figure; but the difiiculty of keeping the eye ju-ecisely 
in one position has cause<l this instrument to fall into disuse, sever.d 
cameras being now devised free from 
this defect. It has nevertheless one 
special point in its favour — it <lo(‘s 
not invert the image, causing tlie 


Fio. ^10, Fui. -ilT.— Simple cameiM. 

I'ight to l)e turned to the left, and vice wreti. This is an advantagi' 
the value of wliicli we shall snbso<|iieiitly see. 

A simple cameia was ]iiat1e by Soemmering by means of a small 
circular reflcct<)r. usually made of liighly pedisbed steel, wliich h 
plaoeil in the patli of the cmcigcnt pencil at an angle of 15" to tlie 
(q>tic axis, thus refiocting rays from the image U]>wards. Tlic 
instrument, though rarely used now. is shown in fig, 217. and slides 
on to the eye-piece. The reliect or must be smallei' tlian tlie piqal 
of the eye, l)ecaiise it is through the peripheral jKU'tion of the piqiii 
that tlie rays, not stoj)ped out by tiie luirror. come from tlie [>apei' 
and pencil. Hence, as in the case of Wollaston’s camera, the pupil 
of the eye must he kefit perfectly centred to the small reflector. 
As there is Imt one cefleetion. the image is inverted, but not trails 
posed. To see the outline of the image as it is in the microscoiie. 
the lira wing must be made iqion ti'acing paper, and inverti'd. looking 
at; it as a transpaiency from the wrong siile. 

There is considerable variety in tlie expm'iencp of dilfereut 
uiicro.seopists a.s to the facility with wlticl! tlie.se two instrniiieut^ 
can be used. The difiereuee in all probability depends on tlir 
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o-veater normal diameter of tlie pupils of the eyeti of some observers 
in wjmparison witli that of otliersb 

Dr. Lionel Beale devised 01 m of th simpkst cameras, which has 
tlie advantage of being thoroughly ciiicient. It consists of a piece 
,if tinted glass placed at an angle of 45“ to the optic 
axis, in tlie path of the emergent pemal. The idea 
\v;is first suggested by Amici, but he employed un- 
(•(doured glass ; Dr. llealc made it practical by the 
employment of tinted glass. The first surlivee of t,he 
idiiss reflects the magnified image upwards to the eye, 
tUe psuMii- and pencil being seen thi-ongh tlie glass. Bede's imer,. 
In its ^simplest form it is seen in fig. 218. The glass 
is tinted to render the second reflection from the internal surface 
(if the glass inoperative. The reflection of the image is identical 
with that of Soemmering's. 

Another camem lucida of some merit is that devised by Amici, 
and adapted to the liorizoutal microscope by Chevalier. The eye 
looks through the iiiicroscope at the object (as in the ordinary \fiew 
of it), instead of looking at its projection upon the' paper, the image 
of the tracing point being projected upon the field — an arrangement 
wliich is in many respects more advanfiigeous. Tliis is effected by 
combining a perforated siiver-on-glass mirror with a reflecting 
piisin ; and its action will be under.stood by the accompanying 
diagram (fig, 219). The lay ah proceeding from the object, after 
emerging from the eye-piece of 
the microscope, passes through 
the central perforation in the 
uhli(|ue mirror ^I. which is placed 
in front of it, and so directly 
cmw'avdsto the eye. On the other 
hand, the ray a\ [woceeding up- 
wards from the tracing point, 
enters tlie piisiu P, is icflccted 
fi'oin its incUne<l surface to the 
inclined .surface of the mirror iM, 
and is by it reflecteil to the eye 
at ?/, in such pai'allellsm to the 
ray b proccetliiig from the object 
tl\iit the two blend into one 
iiunge. 

A valuable a ml simple little 
camera was devised by Mr. E. M. 

Xelsou in 1894.^ It takes into 21?- 

account the Dct that while that 

form known ns Beale's neutral tint (fig. 218) has been of great 
value and persistence, it is yet a defective form ; the microscopic 
image as received at the eye-piece is inverted and transposed. 
Beai'.'s camera corrects the inversion, while it leax'cs the transposi- 
tion unaltered ; therefore all the objects drawn with this camera 
are unlike the (U'iginals, In illustration place the letter f on 
^ Jouf'u, li, S. 1895, p, ct scih 
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the stiu^e in tlie position as here printed ; Avhen examined by tlu' 
microseopo it will appear thus J . In order to look at this letter a.^ 
tlie ori^dna], all that we have to do is to torn this paper roumi. 
J^ut this objk't, as diawn by a Beale’s eamera, will appear and no 
tnniiiit^ of the jiaper can cause it to appear as the original ; it will 
only become so when it is viewed as a transpireney from the other 

side of the paper. i-i , 

This is, of course, important in many matters witii which thr 
inicro-scopic biologist Is concerned. 

In uianv forms of camera this dilliculty has been overcome by 
retlcctim^ the image of the paper and pencil down the tnhe of th(‘ 
uiicro.sco[ie. The drawing there made will be inverted and trans- 
posed, but by turning the picture round we at once get a correct 
representation of the object itself. 

The new camera devised by Mr. Nelson consists ofaright-angleb 
prism or .small glass mirror fixed at an angle of 45® to an eye-pieci* 
cap. This, when the inicro.scope is placed in a horizontal position, 
i-efiects tlie ravs horizontally and at right angles to the optic axis ; 
these ravs then fall on a piece of neut cal- tint gla.ss placed at an 
amde of *45® to lho.se ravs so as to rellect them upwards to the eye. 

The mirror corrects the trans[>osition, and the neutral -tint the 
ills ersion ; (in erect hmuje Is tfierefore seen on the table. Tlie neutral- 
tint ^dass is mounted on a pivot so that it may be turned round at 
aright angle; t his adapts the instrument for use with either the 
I'ight or left eve. Should the light be too strong, it must be 
modified bv screens, not liy cliange of focus in the condenser, assum- 
ing that the perfect image has been obtained. 

On the important subject of the inversion and t raii.spositiori of 
luicroscopic images brief but valuable <lata are given and put in the 
clearest liglit. thus •. — 

3 4 


1 2 

Object oij tie Iiiiaue seen tlirnu; 

triage. Uie e\ c-piccc. 

F d 


huage projected on jcreeii 
or on sensitive plate. 

a 

Iniajre seen thrniigli Woll- 
aston'-s c.'iinera. 

d 


7 

Image projected o)i laMo 
by 45^ mirnu- or tiglit- 
aL<rk'd iirism, as devircl 
bv W. CfKike. 

F 


luiagt* seen tbrongli 
pn 111)1(1 glass. 

F 

Image seen tbroiia)! 
Beale's n cut nil tird or 
Soeu line rill tr’s reHe( ' rt ir. 

8 

fmiigc seen tlivougli Nel- 
son's lamcni, 

•n 


Tlie insfruiueiit referred to in (7) of the above tabic of inversion 
and iranspesifion in iiiicrcscopic images is a somewhat di.stiiict form 
of eamera called Ijy Mr. Conrad W, Cooke, who tlevi.sed it iulBfio.a 
• Microgra[thic Camera.’ The jirojection of the image is depeiideui 
on a. silvered mirror fixed at 45®, or a right-angled prism. By tlu‘ 
arrangement of this instrument aii image CiUi he thrown on a sliect 
of paper placeil in a liorizontal position, so that one can readily trace 
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oil the |)aper the outlines and details of tlie image ^\'ith ease and 
iU'Oiimcy; only it must be remembered that the mirror or privsm 
erects the inverted image (Xo. 2 in tlie above Bdde), but its ti*ans- 
])ositioii is due to the fiict of its not being viewed as a transparency. 

This instrument is also useful for the purpose of demonstrating 
wliere two or three persons may at the same time examine the 
image, and it can be used on many opaque objects, and objects pre- 
sented by dark ground illumination ; but to use it tlie external light 
must be ttircfully screened from the observer. 

Coining now to the second group of cameras, there sfainds first on 
the list an instrument devised by Professor Abbe ; although, like 
many ‘ new ’ appaintns for the microscope, the idea it embodies i.s 
not a new one, but was suggested for micrometric purpose.s by Mr. 
Cl. Burch in 1878 {Joiirn, Qmk. Micro. Club, v. p. 47). We have 
used this admimble instimment with complete suoces.s. 

The accompanying dmwing (fig. 220) will at once show the 
simplicity of its action. The image of the paper and pencil {“orning, 
.say, in a vertical direction (S^ fig, 220), is reflected hv a large mirror 



in a horizontal direction, W^, to a cube of glass which lias a silvered 
diagonal plane with a small circular liole in it in the visual point of 
the eye-piccc. Tlie microscopic image is seen directly through this 
aperture in the sih eriiig of the prism, while the silvered plane of 
tlie prism transmits the image of the paper and the operator’s Angers 
and pencil. By the concentricity thus obtained of the bundle of 
rays reaching the eye from both tlie microscope and the paper, tlie 
image and the pencil with which it is to be drawn are seen coiiiei- 
dentally without any straining of the eyes. 

This instrument requires the paper to be pla(‘ed iii a plane 
parallel to that of the ohjecdj ; thus, if the microscope is vertical the 
piiper must be horizontal, and vice I'crsa, and it pre.seuts the image 
precisely as it is seen in the microscope. For the purjiose of drawing 
simply, and w'here the observer has had no experience in the use of 
a camera lucida, we should he inclined to recommend this one a.s the 
instrument presenting to the tyro the greatest, facility. But there 
is a use to be made of the camera lucida to which this one does not so 
readily lend itself, which is none the less of great importance ; that is, 
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tlie (leteniiiuing of the niagnifymg power of objectives. It is manifest 
that tlie clistaiiee between the paper and the eye of the observer 
oaniiot be so readily determined in this c^ise as in those forms of tlie 
instrument where the image of the paper and pencil is seen direct. 

The same a]i}>iiratus arranged so tint the prism casing together 
with the mirror may be swung back while the clamping collar 
remains on the tuiie in its adjusted position, is shown in fig. 221. 
The mirror has a surface of 75 x50 mm, (3x2 in.), and may be 
inclined at any angle between the horizontal plane and 45®, the 
latter position being marked liy a stop. The length of the aim 
supporting the mirror being 10“ 5 cm. (4 in.), it is only with very 
large drawings iiocessary to incline or raise the drawing surface. 

But the liitest modification of this instrument is sliown in figs. 
222 and 223, where: it will be observed that the camera is attached 
to the tube by means of the clamping-ring K, and the Abbe double 



Fh-. “iil,— Abte's canier.i, iinpiovod. 


prism is C‘eutrc<l by inciius of the screws L and II. The bilghtiiess 
of the drawing surface and the micaoscopio image is respectively 
regulated liy a ca]i H encasing the pri.sms, wiiich is jirovidetl with a 
clear opening au<l fivi' mmleratiiig glasse.s of \arying degrees of 
density, and by an ecceiitiic disc B jiivoted below tlie prisms, which 
is also [)rovide<l witli a clear o[>euiMg and li\'e moderating glasses. 

In order to completely utilise the iiiereased (*oiie of emerging 
luys obtained with low magnifieationsi the usual pi-ism, hiu ing iu its 
silvering an a[iertui'e of I mm., can quickly and conveniently be 
exchanged fiir another with an aperture of 2 mm, 

TTie ynism, together with the moderating glasses, may lie turned 
aside about the vertical pin Z into t\ie position indicated Iiy the 
tlotted lilies sliown in fig. 222. AVhen the prism is returned to its 
original position it is fixed by a catch, which is not exteimally 
visible. 

1 u the use of a good drawing apparatus (1) tlie light from the 
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;in(l Ci\pil)le of beiiig centred in its liorizoiital plane. (5) It shoul<l 
l)e pnssilile to easily separate the apparatus I'roiu the eyc-piece aiid 
replace it again in its former pc^sitioii at will, (6) The image of the 
plane of the drawing, and the image of the microscopic object pro- 
jected oil it, must he seen with the apparatus without distortion. 
As regards the first two eoiulitioiis the arrangement of the original 
Ahhe camera is adopte<h viz. two rectangular prisms with the hypo- 
tenuses cemented together, of which one is .silvered, with a small 
jjortion of the silver deposit in the centre taken away, and with these 
a second mirror A, fig. 2*22, for transiuitting the image of the j)laiie 
of the drawing to this prism. Bnt since one and the same prism, 
with a fixed opening in its silver deposit, CiUinot suffice for all 
piu'[)Oses and changes of magnification, an arrangement is added by 
wliich the prism P, fig. 223, with its fastening, can be easily taken 
out of the apparatus and replaced by another with an opening of 
different size. 

\Vith respect to the third condition securing a due relation 
between the inten.'-ities of the two images, an arrangement of two 
smnked-glas.s wedges was made to move ovi'r each other so as 
to form a plate of continnousl}' varying tliiekiiess. 'fhis was most 
satisfactory but too costly, so smoked-glass [dates were employed 
and set in the cylindrical wall of a small cap, 11, figs. 222, 223, wbicb 
was .'^^imply ]ilaced over the prism. Each smoked glass in turn can 
l>e interposed in the path of tlie rays l)y turning the cap on its 
u[>]>eredge until a small [dvi engages in a corres[K)nding small hole on 
the lower edge of the cylinder. There are five smoked glasses of 
difterent densities of colour, while one apeiture is left em].>tY. 

The adjust, menl in height is satisfied hy the apparatus being 
attached to tlie body-tube by means of a clamping screw’, while the 
adjustment from .side to side is effected by the prism, togetliei' with 
tlie ca[i and sinoked-glass disc, being conti'cd from front to back by 
means of a screw, II, figs. 222, 223, working through a spring socket, 
and from right to left by means of a second screw L, against which 
^^ <lrks a conuter-spring not sbowm in the figures. 

I n order to pass conveniently from observation through this aji- 
[Kicatiis to observation thia)ngh the free cye-})iece, the prism with its 
diaphragm arrangement ('an be rotated to one side aliout a veidical 
[dll 7i ; the return of tlie pi'isni to its central [lositiun is marked !)v 
a spring catch. To obtain drawings free from distortion, a drawing 
table similar to that described by Dr. Beniliard ought to be 
em[>loved.^ 

This u.seful instrument has, liowever, l>eeii modified and made 
simpler by more flian one optical firm. iSlessrs, Swift have con- 
structed a very handy and easily applied form, which is so arranged 
that the microscope may be ein[)loyed with it iiof. oidy in tlu' 
vertical but alscun an iucdined position. It is illustrated in fig. 224. 

This camera liicida is[)recisely on the same ])rin('i})le as tlie Abbe 
form used for the saim^ purpose, hut being manifestly less bulky it is 
far more (*onvei) lent and easier to use, although less efiicioiit for very 
cai-eful work. 

’ ZeitKlif. /, Milir. xi. (1H94), pp. 2Hl)-aoi, 



ENGLISH AND AMERICAN MODIFICATIONS 


285 

When this form of camera is used, the paper upon which the 
object is received slioiild he tilted to the same plane as the stage of 
microscope upon which the object rests, ns this will prevent any 
marginal distortion. 

Another extremely good and easily applied 
luodifimtion of the Abbe form is man u Pictured by 
Hausch and Lomh, and is illustrated in fig. ‘225. 

The Abbe prism is used as in the large Abbe 
drawing camera ; the mirror is reduced in size 
and is fixed. The path of the light is seen to he 
the same as the white dotted lines and arrows 
show, as in the complete form of Abbe ; and tlie 
auuera, may be swung back when not in use, as 2'24. - Swift’s 

shown ill the dotted outline. We can testify that lucida on 

the image on botii object and pencil- ^Kunt arc clear, 
and this instrument can be used with most eye-pieces ; but cannot for 
coiapietc results be counted equal to the drawing camera of Abbe, 

The Editor has used witli great facility and success a camera devised 
by Dr. Hugo Scludder, and produced by Messrs, Ross. It is figured 
at 2'2fi, and consists of a combination of a right-angletl prism (fig. 
227) A B 0, and a rhomboidal prism D E F D, so arranged that when 




Fig. — Bacscli and Lomb’s modificaticni of Abbe’s taiiK-'ra, 


adjustiMl verv nearly iii contact separated by only a lliiii str.a- 
tum of air) the laces BO and DE are parallel, and coiisispiently 
between J)E and ]> E' tliey act togetlier as a tluek jiainllel [date of 
ylass through which the drawing [;aper ami [;encil (‘au be seen. 
Tlie rbomboidal [H'ism is .so constructed that when the face (! F is 
applied at right angles to tlie o[)tic a.\is of the microscope, the a.xial 
ray H [lasses witluuU rofi action to I on tlie internal face EF; 
whence it is totoJhi ]-i’tiected to J in the face I H'l. At J :\ part of 
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the rav is reiieeted to the eye by rejection in the direction 

of J K, and a pa]‘t transmitted to J' on the face AC of the right- 
angled prism. Of the latter a portion is also reflected to K by 
ordijiarv reflectioii at Jh Tlie hypotenuse face AC is cut at such 
an angle that the rellection fiajin J' coincides with that from J at 
the eye‘])oint K, thus utilising the secondary reflection to strengthen 
the Imniiiosity of the image. The angle G i.s arranged so tliat the 
extrcnio marginal ray IF from the field of the B eye-piece strikes 
iijion G G at a point just beyond the angle of total i-eflection, the 
diftVaction hamis at the limiting angle being faintly diseeianble at 
this edge of the field. This fingle gives the greatest amount of 
light by onlliuirjf rellection, short of total reflection. 

In use, the micro.set)pe should be inclined at an angle of 45°, and 
the image focus.sod through the eye-piece as u.sual ; the camera is 
then [)laced in position <m the eye piece, and pushed dowii until the 
image of the object is fully and well seen. The drawing pa}>er 
must be fixed upon a table oji a level w'ith the stage iinmediatelv 



Fkj. — Schroder s 

ciunera lucidti. 
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under the camera. The observer will then see the mi('rosco}>ical 
image projected on the }iaper, and the fingei's carrying the }ieiicil 
point will be clearly in view, the vliole pupil of the eye being 
available for both images, the dia})hragm on the instrument l)eing 
considerably larger than the pupil. The eye may bo removed as 
often as required, and. if all is allowed to remain without alteration, 
the drawing maybe left and recommenced without the slightest shift- 
ing of the image. 

If a vertical positiem of the micros('ope be needful, this may hr 
done hy inclining the table aiul drawing paper to an angle of 15° 
<uthor in front or at the side of the microscope. For accurate 
drawing, in all azimuths, the drawing jiaper shouhl of course coiii- 
i-ide with the plane of the optical image. Wdien the paper is in it> 
[iro])er ]>o.sition, the limiting circle of the field of the microscoi>r 
will 1)H projected as a true r‘ir{*le, hut if otherwise it will apjM'ar 
elliptical. It is recommended that a ciivle al)o\it the size of the 
Mil he drawn ujam the paper, and its coincidence witli the ]n'(qecteil 
6e1d compared. 
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This (simeni may be used with a haiKbmagniiier, or with simple 
lenses used for dissection and other purposes. 

With one or other of the foregoing contrivances, everv one may 
learn to draw an outline of the microscopic image ; and it is extremely 
desirable for the sake of accuracy that every representation of an 
object should be based ou such a delineation. 8oine persons will use 
one instrument more readily, some another, the fact being that 
there is a sort of ‘ knack ’ in the use of eaeij wliicli is commonly 
acquired by practice alone, so that a person accustomed to the use 
of any one of them does not at 6rst work \vell Avith another, 
Altliough some persons at once acquire tlie power of seeing the 
image and the tracing point with equal distinctness, the case is more 
frequently otherwise ; and hence no one should allow himself to 
l:iB ballled by the failure of his fir.st atteinj.)t. It Avill sometimes 
happen, especially when the Wollaston prism is employed, that the 
want of power to see the pencil is due to the faulty position of the 
eye, too large a part of it being over the prism itself. When once 
a good position has been obtained, the eye shouM l>e held there as 
steadily as possible, until tlie tracing shall liave been eomplete<l. It 
is essential to keep in view that the pro[)ortio]t between the .size of 
the tracing and that of the obie(‘t is affected by the distance of the 
eye from the paper; and hence that if the microscope l)e placed 
upon a support of different height, or the e} e-piH(‘e be elevated or 
depres.se<l by a slight inclination given to the body, the scale Avill be 
altered. This it is, of eounsc. peculiarly important to beai* in mind 
when a .series of tracings is being made of any set of objects which 
it is intended to delineate on a uniform scal(\ 

A valuable adjunct to a camera lucida is a small paruffiii lamp, 
seen to the left of plate. III., which illustrates the c.in-ect metliod oi 
using the camera lucida. This lamp is simple, and is capable of being 
raised or lowered, fitted Avith a ])aper shade, fur a great <leal of the 
success attendant on the use of the camera depends on the relative 
illumination of the microscopic image on tlie one side, and of tlie paper 
and fingers and pencil of the executant on the other. It is not a 
iiiattei' to be determined bv rules ; jiersonal equation, sometimes 
idiosyncrasy, determines jioAv the light si tail be ivgulated. Manv 
liiiishe<l mici’o-drauglitsinen use a feelile light in the image and a 
strong light on the hand and paper, and others equallv successful 
manipulate in the precisely rcA-ersc Avay, Hut iqxm the adjustment 
of the respective sources of light to the jiersonal comfort of the 
draughtsman Avill depend his success. 

Care must he exercised in this Avork in the case of entiml inmfes. 
These must not be sacrificed either by racking tlie conden.ser into or 
out of focus, or by reducing its angle by a diaphragm. If the in- 
tensity of the light has to be A'edueed, it. AAAust he done hy the inter- 
ywisition of glass sewens, iind this is beantifully provided in Abbe’s 
camera. The illustration of iunv the various a}q)arat us for the use 
of the camera lucida sliouhl he disposed, given in plate III., may lie 
profitably studied. Hoth mirj'ur and buirs-eve are turned a.side, 
and the liaiid and yiencil are illuminated liy rite shaded lamp. 

The lamp illuiiiinuting the image is seen, Avitli such a screen of 



288 


accessory apparatus 


colmired glnss ns luny be found needful, nnd the lamp illuminating 
the paper and pencil, and carefully shaded above, is also seen at the 
eye-piece end of the bod}'-tul>e. Often, if the image is too bright, 
we find that bringing the lamp down to illuminate the paper mor(> 
inteiiselv snltices If not, Tise screens ; the illuminating cone musi 
not be tampered with. 

IIT. The Determination of Magnifying Power is an importam 
and independent braiicli of this subject. For this purpose, and for 
the reason gi\-en abo\ e, Beale’s neutral -tint camera ^ is eminently 
suitable — indeed, is the best. We can easily and accairately measure 
the patli of the ray fi'om the ]\apei' to the eye. AVhat is neeess.aryis 
to [U'ojoet the image of a stage micrometer on to an aotairate sc-ale 
])laeed ton inches from the eye-lens of the eyc-pioco. There must lie 
complete acenraey in this matter. 

We can best show how absolute magnifying iHuver is thus deter- 
mined by an example, 

Suppose that the magnified image of two i,A)„fhs of an incli 
divisi<uis of the sbige inierometer spans i*^,Ytlis of an inch on a rule 
placed as re<juired ; then 

(i) ’OO^ inch : ‘8 inch :: 1 inch : ,r power ; 

x— ^ ^ ^ =400 diameters ; 

'im 

for it is obvious that under these conditions one iiu'h bears the same 
proport io!i 1o the magnifying })Ower that: ^ ,j-„„ths of an Inch l.>ear,s to 
,^,,ths of an inch. 

Su[)poso, now, as it sometimes hnp[)ens. that the operator is pro- 
vided with a metrical stage micrometer, hnt is witliont a inetiical 
scale to coni])are it ^^'itll, there bei]ig nothing Imt an ovdinai'v foot- 
rnle at hand. 

Let it beas.snmed that the magnifiod image of two j,', ,, mm. Avheu 
projected covers inch : then, as tbere are '25‘4 mm. in one inch. 

(ii) •O'i mm. ; ('8 inch x 2r)'4) : : 1 ; ,«■ [«)wer ; 

^ = 1 01 6 ilimiictei-s. 

■(12 

If the reverse is the ease. viz. that yon have an English stage 
micrometer and a metriiad .scale, then, if tlm inagiiined image of two 
] „\,„ths of an iiieli s|)ans 18 mm., 

(iii) ■002 inch : 1 : ;r; 

7087x1 0 r * 

jp— -=.3;)4’3 diameters. 

■ 01)2 

Thcabov(^ results indictde the eomViined magnifying power of the 
ohjcctive and v\v }>ieee taken at a distance often inelies. '1,'lie arbi- 
trary distance of tmi inches is selected as l)eing tlie accommodation 
distance for normal vision. 

Tlie magnifying power. liowe\ er, is very different in the ease of 
' Page 'ita, 
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myopic observer. ^ Let us investigate the cnseof one wliose acconi- 
luocijition distance is five inches, 

Here he will be obliged, in order to see the object distinctly, to 
t'orni the virtual image from the eye-piece at a distance of five inches. 
'I’o do this he must cause the objective conjugate focus to approach 
file eye-lens; coiLsequoiitly he must shorten his anterior objective 
focus. In other words, he must focus liis objective nearer the 
object. This will have the effect of causing the posterior conjugate 
focus to reee<le from the objective towards tlie eye-lens, and the fact 
of bringing the iuveited objective image nearer' the eye-lens brings 
also the virtual image of the eye-lens nearer. 

Shortening the focus of the objective has the effect of increasing 
its power ; but as this alteration is proportionately very little, the 
increase in power is very small ; l:mt the shortening' of the eye-picce 
\irtual from ten to five inches has the effect of nearly halving its 
power. Ooiiscqueritly the comhiued result of the eye-piece and 
objective, in the ca.se of halving the eye-piece virtual, is to nearly 
halve the [)ower of the microscope. The increase of the objective 
j lower' is practically so small that it may i)e neglected.^ In practice 
it is found by us that if the image is projected on a ground-glass 
.screen ten inches from the eye-piece, the image is nearlv the rame 
size whether' focu.ssed by ordinary or myopic sight. Thi.s is in 
harmony with Ahbr^’s demonstration that both images are seen 
under the .same visual angle. But, on the other hand, if a myopic 
sight compares the image with a, scale, the magnification will he 
less than with oialinai'v vision, because the observer with myopic 
.sight must bring the scsrle to a shorter distance than ten inches 
in order to see it. 

To fiiiil the [u-ecise initial j>owei' of any lens, or to tind the exact 
multiplying power of any eye-piece, is not so easy. A laborious 
calculation, involving the kimwledge of the di.stances, thic-kness. ami 
refractive indices of I lie lenses, is reqnirerl. But a very approximate 
(letei'inination. sufficiently accurate for all practical pui'poses, mav 
lie easily made, especially if one has a, plioto-mierographic c-amera at 
iiaiid. Tire principle is as follows : — 

Select a lens of medium power — a |-ineh is \ ery suitalrle. Xow, 
with the microsc(q)e in a horizontal positiem. and with a powerful 
illumination, [>voject tlie image of the stage micronietei' on to a screen 
distant five feet, ineasureil from the front lens of tlie objective. If no 
photo-mici'ographic camera is at hand, it will be neces.s<irv to jierfonn 
(lie experiment in a darkened room, shading the illnniinating source. 
Divide the magnifying power thus obtained by (3 : the quotient will 
give the initial power of the lens at ten indies to a \ ery near approxi- 
mation. 

The reason why the result is not perfoetly accurate' is tliat the 
ten inches must be measureil from the posterior jirineipal fix us of 
the lens, and tliat i.s a ])oint which is not given. But in the ca.se of 
a power such a.s a it is. in jn-actice, found to be very near the front 
lens of tlie objective. So by taking a long distance, such as five feet, 

‘ Eirijhjit vitL xlvi. Na. llSa. Avtli'leoii iiifnsurtaiienls of iiiiigiiifying 

power of iiiieroscope objectives, by E, M. Xekoii, 
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tlift eiTor introduced l)y n siuoll displucement of the posterior prin- 
cipal focus does not )na'terially amount to much. 

There is u further error introduced by the approximation of tiic 
objective to the stage micrometer in order to focus the conjugate iU 
such a distance, but this is .small. Wo can see, therefore, that tins 
error temls to slightly increase the initial magnifying power. 

The initial power of the -J- hei)j:,r 
found, and its combined magnifying 
])ou-er, with a given eye-piect*, being 
known, the combined power diviit^d 
by the iuithd power gives the nudti- 
plving power of the eye-piece. (Jan- 
must he of course taken to notice tin- 
tul:) 0 -lengtli ' wheji flie coinl)}ne<i ])owe)' 
is measored. The initial power of any 
other lens may he found by dividi^ig 
tile coinbine<l power ol' that, lens with 
the eve-piece, whose imiltijilying jiower 
ll'nrth li''s '>eeii ileteniiiiifd, by tin* iiuiltiplyiiiy 
p/rra 1770'. jiower of t hat eye-picco.^ 

Nose-pieces. — The term ‘ nose-|)iei c' 
pvimarilv means that part of a micro.scope into which the objective 
screws, Imt the term is also applied to various piei'es of appiratiis 
wdiich can he lilted lietwocn the nose-])iece of (he microsco[)e and 
the (dijective. Tliere are, for instance, rotating, calotte, centring, 
changing, and tma lysing nose-piece.s. 

Nose-pieces, althongli thought to be so, are not a, modern idea: 
our predece,s.s(.)r.s of a centuiy ago employed similar means. IMr. 
Crisp has receutl\' acijuire^l a mici'oscope wliiidi pos.se.s.ses a double 
arm, at the end of which is a cell for receiving ditierent lenses. 
This coll fits over the eml of the iio>e-piece, and so keeps the several 
objectives wliich inav be insei-ted in position. It dates, in ail jn-oi la- 
bility, from the end of the se7enteenth or the early part of the 
eiglheentli ('enf ury. 

But in the early days of the mieroseo^jp rotating discs of ohjee- 
tives. as shown in tig. (or. pejhaps, ohh'r still, a long dovetailei! 




slide of objecti^'cs, such as fig. 220 shows), wore iretjnently 
employed. 

It is continually desirable to he able to substitute one objective 
for another with a.s lil.tle ex[)enditure of time ami trouble as possible, 
so as to be able to examine under a higher magnifying power tlir 
details of an oViject of which a general view has been olitained bv 

‘ Engliiih .IMflin'e, vol.xxxviii, Xa !t81, ‘ Optiml Tube-length, by Fmiik Crisjb 
' Ihul, vol. xlvi. ^^ 0 . 1178,' McRburenieiit of Power,’ by E.il. Nelson. 
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uieiiiis of a lower ; or to use the lower for t])e purpose Jitdt ntj a 
,; iiuute object (sueli as a. particular iliatojii in the midst of a slideful) 
whieli we wish to submit to liiglier amplification. Thi.s was con- 
\ ruieutly effected by the nose-piece of Mr. 0. Brooke, which, being 
.rt ewod into the object end of the body of the microscope, carries 
nvo objectives, either of wiiich may be brought into position hv 
Turning the arm on a pivot. This is shown in fig. 230, 

Tlie most generally useful of 
,11 nose-pieces now in use aco 
T\\k* votating forms, wdiicb enable 
niie to oavT-Y two, tbi'ee, ov four 
(Mijcctives on the microst'ope at 
otic time, and by mere rotation 
(•:\ch is successively brouglit 
cciitral to theopf ic axis, seen in 
tigs. 231, 23*2, 233, as supplied 
iiv ^lessrs. Beck. It is almost 
umiecessary now to ])oint out the 
(li.sadvaiitage of tho.se <d<ler and 
straight forms which involved 
the danger of knocking out the 
front lens of the objectives by 
bringing it into contact with soiiie jiart of the stage while the 
otlie]‘ objective aas being focussed. This objection was entirely 
removed by the introducti(m of the bent form by Messrs. Powell and 
Lcaland, and adopted in the forms shown in figs. 231-233. Tiiere can 
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he no doubt that for ordinary dry lens work some s\ich device is iiii- 
perative, Some, however, whodoa very largeamount of micro.scopical 
Work jtreferto use two microscopes ; the one a tiiird- or fburth-tdass 
liiii-ro.scope, with only a coarse adjustment and ii I -inch objective and 
iiurror, the other having a coarse and fine adjustment aiid a J-inch 
'hjective, with a simjile form of condenser and plane miiror, all hue 
:‘iiindgher- power work being left for a sjie^'ial microscope. 

^ I lie one drawback to the use of a rotating iiose-pieci* is tlie extra 
''eight it throws upon the fine adjustment. As this sidject is fullv 

. c2 
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tre:ite<I unilt-ir the headiiij^^ of ‘ Mici'OSC‘.oi>e/ no more will be sai<l nt 
[irespiit than tliat a donhle nose-piece is to be preferred to a trij)]^. 
and a (piadrnplB need not be entertained for a delicate instruineiii 
when made of ordinary metal, unless it is required to findoiitinliow 
sliort a time a line adjustment may be ruined; for let it be notnl 
that a '2-in('li, 1-ineh, Vinch, and ^-inch objective of English lUiikt' 
weigh together 8-^ oz, without any nose-piece. ButMes.srs. WatNiu 
and ^ 5 on have devised and made in aluminiinn a dust-proof ti-iple 
11 o.se- piece, which, where it is icqnii'ed to be used, reduces the objec- 
tions to its emplovinent to their minimimi, and mjt only in greatly 
ie<luced weight, but in other w'ays, makes its use more feasilik 
without strain iq)on the fine adjustment or danger of injury to the 
ohjecti\es. In many nose-pieccs, if the objectives should be acci- 
dentally left so that neither of them is in the optical axis of the 
microsc'ope, there is nothing to guard the back lenses of tlie objei-- 
tives fi-om dust and moisture. Messrs. Wat.son devi.sod a thist- 



Fiti. :2c!4.— Watson's dust-pi'oof aluminium nose-piecti. 



proof arrangement, consi.sting of an upper and an under disc, liaviiig 
a sjiherical cur\ e ; to tlie lower disc aie fitted thive small sci'cw 
tubes whk’h rccei\ e tlie object i^■es. Tins }>]ate I'otatesupona centro 
pin, and as each oljective is brought into the optical axis of the 
microse()])e its axial coincidence is iii(li('ated by a s])ring catch. The 
edge is covered with a metal rim. making it dust-proof. The weight 
of the onlinary brass nose-piece is 4;| oz. ; the weight of this one is 
l’|oz. tSimilar instrumeiil s are made l)v otliev makers, hut thi* 
<lust-proof arrangrement and the extreme liglitness are. so fa.r as tve 
know, characteristic of the instrument of IMessrs. 'Watson, 
illustrate this nose-piece complete in fig. 234-, and in an enlarged 
section in fig. 2do. 

For tlie [)ro]ier use of a rotatiug nose-piece the length (d' tlie 
objective mounts should bo so aiTanged that when the objectixe is 
(■hange<l little focal adjustment will be necessary. 

An excellent calotte uose picce for four objectives is made hv 
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^eiss ; this is hO aiTungecI that only the optical portion of tlie objec- 
tive is screwed into the nose-piece. This plan much lightens it, so 
tiKtt tlie nose-piece and the four lenses weigh oz,, or <jn]y 1 oz. 
iiK.ve than an English J-inch with a screw collar, hikU oz. njorethan 
;ii) Engli'‘^h ^-inch of wide angle. 

J cejdriiKj mse-pkce has been made with the view of plac-iiig 

(djective central to the axis of rotation of the stage. It is, of 
i-()urse,nnK'h cheaper to ceTitrean objective by means of a nose-piece 
t() the axis of rotation of the stage than to centre the rotary stage 
to tlie objective. This, like all other adapters, is an additional 
Avcight ; but here there is very little to be gained by it, for if the 
vutary stage is well made any objective will be sufficiently centred 
for all practical purposes. 3Ir. kelson, as we have seen, pointed 
at a time Avheii the sub-stage was costly, that such a no.se- 
jiicce turned nj)si(le down, with a tnrn-ont rotating ring for stops, ttc., 
iittisl below, made a very efficient rectangular centring sub-stage 
;it a small cost. Sub-stages are now quite common and cheap, and 
oeiiti'ing nose-pieces are seldom used for any purpose. 

Next to the rotating, probably the chanyhiy no^e-pkee is the 
most ini[K)i'tant. We do not know from whom, and when, the idea, 
nf nil arrangement l)y which an objective could he I’npidly attached 
(II- (letache<l originated ; hut certain it is that the idea is athnirable, 
isiid one which is .scarcely yet as fully appreciated as it slioiild be. 
It will Tie (piite impossible to go through a tithe of the a|ipliances 
which have been invented for this purpose ; it will be sutHcient to 
lav down some principles, and mention a few in wffiich those prin- 
oijiles are fulfilled. 

The first ]irinoiple is that tlie oiijective oi' nose-piece, adaptei*, 
(ir wliatever else is used, siiould ‘ fiice up.' This means that a flange 
tiinied true in the lathe should * face up ’ to the flat sideof the no.se- 
picce, wliicli has also been turned true. This ‘ ficing iqi ’ slionld be 
itmdc tight by a .screw', inclined ]ilane, or werlge, Ac. Unless this 
is (lone yon liave no guarantee that the a.\is of the ohjeetive is 
ji;irallcl to that of the body. Therefore all those appliances which 
itievely gri[) the oijjective, or an ada])terscrew(al on to the objective, 
are simply of no value. Secondly, the appliance, whitevei- it is, 
should Ire light. 

Nachet’s changing nose-piece, whicli fulfils none of these coii- 
ditiuus, cannot be called good. The nose-piece is large and heavy, 
even for the small objective it is intended to take, the screw's of 
which are only in diameter, against the j-l of that of tlie Society. 
The objectir es are lield by a spiring clip on a small flange. Of course, 
screw -collar adjustment with .sncli a device -wanld be siuqdy im- 
possible. Zeiss's sliding-objective changer is most elaborate and 
efiicient. although, as we think, much heavier tlian it need be. It: 
consists of a. grooved slide which screws on to the no.sc-jiiocc. On 
each objective is .screwed an ada^iter to slide into the groovt^l ii(>se- 
picce. Tlasse ada])tei's, which are wedge-sluiped and ‘ face up,’ have 
two novel featni'es. the first being that they are each fitted with 
rectangular centring adjustments, wliicdi p<n'iuit the objectives 
to Ire centi’ed to one another ; and the second is that they have 
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adapters to e(pudise the length of the objectives, so when a chaiiy,. 
of oi)je{'tives is inmle little change of focal adjustment is reijuh-^ ,1 
Figs. 236, 237 show the nature of this amngement. In Kelson’s 
changing nose-piece a small ring with three studs is scu'ewed on tr) 
the objective ; a nose piece is screwed on the microscope, haviiiir 
three slots and three inclined planes. Therefore, liy placing the stmjs 
into the slots and giving the objective a. quarter of a turn, the 
studs run up the inclined planes, thus causing the fliinges to ‘ fu-M 
u[i '■ tightly, 

Air, Kelson has pointed out a iar better and simpler method 
which dis})eiises with all extjra appai atus. 

Three portions of the thi'ead in the nose-piece of the micro.scopo 
itself are cut away, and ;dsu three portions on the scaw of tlie 



Fi(i. — Zeiss’s slidiiig-objoc-tive Fus. 287. — The objective (tetcielied from 
chaugei', with objective in position. the boflV'Shhe. 


objective. Tho-'^e portions where the thread is left on the ohjeclive 
pass througlt those spaces in the nose-[)iece where it lias l>een cut 
away. The screw engages just as if the ^vlK)le sci'ew were there, and 
the uhjective faces up in the usual manner. This plan in no wty 
injures eitlier the microscope or the objectives forn.se in the ordinary 
way; tlin.s uncu! objectives will .screw into the nose-piece, and cut 
objectives will .screw into an uncut nose-piece. This plan is .siinil.-ir 
to that employed in closing the brcecli of guns, and it was seeing one 
of them in 1882 which suggested to Air. Kelson t(iadaj,)t the same 
principle to the microscope. Sul).sequeiitly it has been found tliat 
in 18(ii) Air, James A^ogan liad ])rDpnsed much the same jilaii, oidy 
cutting away Iam.) portions instead of three ; it is curious that >ncli 
an excellent idea was allowed to dro]). 

An aaahjsiwj nos(‘-pie<‘e is that which carries ix Kicol’s .analysing 
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j II ism for polariscope piirposes. hi snme the prism is fixed in the 
nose-piece, whereas it (night to Ix' capable of rotation. Lastly we 
jiiive a rpA'ohhuf nose-piece for the i)urpo.se of testing objectives. 
Nelson, in a paper read before the Qiiekett Microscopical Club, 
Kebriiai'Y 1885, stated tint lu^‘ hail (observed that certain objectives 
performed better when the object was [iluced in a definite azimuth. 
With a view to eliminate any possible alteration which might arise 
from the rei oliition of the oi)ject with regard to the light, he had 
(^signed a revolving nose-piece which (‘iiableil the objective itself to 
lu‘ revolved true to the o]>tic axis wlien any imperfection in its 
performance in a particular azimuth could be immediately noted. 
'Ibis plan had, however, been previously in use b\' Professor Ablje 
fbr a similar purpose, but not, as we believe, made public. 

Finders, — A finder is a very imjjortant and valuable addition to 
a microscope, By its means the position of any particular object or 
)i;irt of an object in a mount can be noterl, so that it may be found 
:main on any sub.sef|uent occasion. In uorhiiig on a inieroscope 
without a finder it freipiently happens that in the jirosecution 
of special re.seareh, or in the examination of unknown objects, 
something is seen which it would lie of the utmo.st value to rceur to 
iigaiu ; but the amount of time lost in transferring the object to a 
stand with a finder is so great that most ex])erienced microscopists 
ilo all their seavcli and general work on their best instruments with 
tinders. 

The u.sefulness of the finder has caused a large number to be de- 
vised; but, as in all cases, we consider only those which we believe 
einliody the best practical jirinciples. 

The first, and by far the best, is the graduation of the stage 
plates of a mechanical .stage by dividing an inch into 100 parts, both 
on the vertical and horizontal plates. The vertical stage-plate will 
tlicii indicate the latitude, ami the horizontal plate the longitude of 
the oliject, the sli].) being always pressed close home against a prepai'e<l 
std}!. For many years 3Iessi's. Pow ell and Lealand have supplied 
their No. 1 stand with this kind of finder ; and its permanent [)o.sition 
and ease in use not only give greater facility in special researches, 
hut in vealitv attacli .a new value to rvery slide in the cabinet. Such 
a worker at critical images as Mr. Nelson has weeks of clo.se work 
■logged’ on the labels of his slides. A still better plan j.s to Mog ’ 
in hooks in whicli tlie slides are lumihered. The result is that the 
labour of days and w eeks can be in a moment recalled for demon- 
stration; and so accurate is this luetbod that an object so small a.s 
a lUidn'inm termo or a specified minute diatom in a thickly scattered 
mounting iimy he at oiur, and as oflen as we plea.se. rejilaced in the 
field witli even high j^iowers. 

These finders of course are only suitable for tlie mici'oscope on 
which the 4(jg’ was taken. It is beneficial, and even needful at 
times, to interchange specimens or refer an object to ;m ex]wrt at a 
tli.''tiin(v. tu that case a minute <lot may be [ilaced 0 !i the cover, or 
a single selected diatom or other object may he fixed upon and its 
latitude and longitude as read on the microscojie of the sender marked 
on the slide. If the receiver then }>laces lliis on his microscope and 
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centres it, the diflferences in latitude and lon'gitude maybe noted, am] 
will give the constants for the correction which must be added to 
or subtracted from the figures given by tlie sender. 

]Mr. Yelson has maile some very practical suggestions tou(;iiir;g 
tlie improvement of finders. lie suggests, what we heartily accord 
with - 

1. That the stage-stop shall be always on the left liand of the 
stage. 

2. That the zero of the horizontal graduation shall be on tlie left 
hand of the scale. 

3. That the zero of the vertical gi'ad nation shall be on the top of 
the scale. 

4. That when tlie finder is placed to 0, 0, a spot marked on the 
bottom edge of a 3x1 inch brass template two inches from the stoj) 
shall be in tlie optic axis of the instrument, In other words, the 
latitude and longitude of the centre of a 3 x 1 inch gla.ss slip shall 

be 50, 50. 

5. Tliat the division shall be in l ooths of an inch, and the scales 
one inch long. 

If these very simple suggestions were adopted geneinlly, an object 
found on one microscope could lie easily found on any other. This, 
like tlie ■Society's .sciew ' lor object-glasses and a universal sub-stage 
fitting, deserves, in the iiitere.sts of international microscopy, tlie 
consideration of 0 [)ticians. 

In jii'actical ‘logging ’ the use of a hand lens will enable the ob- 
server to read liy estimation very accurately ; lialf a division can be 
very approximately judged of. and this is as close as will be required 
witli the Iiiglie.'^t powers. We have found, for very delicate woik, 
that we could log witli advantage between the ilivisions, thus : siiy 
'long, 41 ; ' but if sliglitly over, but not an estimated half, ‘ 11 if 
half, ‘41k ; ’ if more than this, but less than 42, if is logged ‘ — 42/ 
b'or logging pur]Kises the lens w e I'ecominend is one of Zeiss's ‘loups,’ 
magnifying six diametci's. They are admirable instruments, ami 
are furnished with a hanrlle. which may be nse<l or not at the will of 
tlie worker, 

The otlier finder we desire to consider is called after itsimenfor, 
and is known as ‘ 3Iait\sood's finder.’ ^ 

It consists of a micro-photograph, onescpiare inch in size, divided 
into 2,500 little s(piai‘es. so that each is -d-nth inch scpiare. Eacli 
square contains two numbers, one indicating the latitude and one 
the longitude. To log any object tlie slide containing flie object 
must be reino\ ed an<l the slip holding the mici'o- photograph substi- 
tuted for it : then the figure in the scpiare wliich most nearly agrees 
with the centre of the field is notjed. Of course, lioth the object and 
the Haltuood finder must be cai'efully made to abut against the 
stop. 

There are two drawback.s to this finder. 

1. The divisioiLs ai'o not fine enough, so that it is only suitable 
for low ]x>wers. 

2. Th.e i-emoval of the slide, and its substitution by the Maltwooil 

^ Tram, of the Micro, Soc, ik-w series, vol. vi. 1S5S, p. 59. 
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lliuler, render it extremely unliandy wlien using an iiriineivsiori'objec- 
;ive, all the more so if the condenser happens to i)C immersed as 
u-ell 

If tlie Maltwood finders are made alike, they are then, of course, 
iiitercbaugeable. 

Diaplixagms. —There are three kinds of diaphragms in use. 
First, tlie commonest form is that of a rotating disc of seveinl aper- 
tures graduated as to size. Secondly, a series of separate small 
discs of metal, with a single centi-nl aperture, which fits in a suitable 
i-iirrier. Thirdly, there is what is known as the ‘ iris’ diaphragm, 
;\ lji{‘h is shown in fig, 238. Upwards of 30 years ago it was applied 
10 the microscope by Hock ; it has since been brought to great per- 
fi'Ction, some being made with as many as sixteen leaves ; all makers 
HOW provide tliein. In whatever form the diaphragm may be which 
is for use with the mirroi-, it is important that it should’ not be 
j.daced too near the object, as then its position lies so near the apex 
<tf the cone of illumination 
that it will not cut it unless 
the hole be exceedingly small. 

A very small diapliragin aper- 
ture is objectionable, as it is 
lial)le to introduce diffractional 
effects. Therefore it is l>etter 
to u^e a larger ayievture 
furtlier away from the stage 
than a pin-lu>le near the 
stage. When a diaphragm is 
used in eoiinection will] a 
couden.ser, it should be placed 
just behind the hack lens, and 
never aliove tlje front lens. 

Calotte iliaphragms placed 
close tinder tlie stage, and 
which have bctui much in use 
lafelv, both liere and on the Continent, are a mistake for critical 
work.^ 

A very good wav cd' cutting down a cone from a mirror is to 
have the diaphragm fitted in the sub-stage, so that it can be made 
to advance or lecedc from the object. The advantage thus gained 
is tliat one aperture is made to do the duty of several. It also 
liermits of earcfvil adjustment. 

Tlie iris diapliragnis are so comparatively inexpensive, (liat they 
have superse<le<l for general work and ordinary pur}ioses all others ; 
l>ut whatcvei’ diaphragm i.s msed it should icork easily/. Iris dia- 
[iliragm.s work sometimes so stiffly that the microscope may be moved 
heforc the diaphragm. 80, too. with the diapliragin wheels ; some 
require a ]iair of pliers before they can be I'otated. Tliis i.s easily 
accounted for when we examine the way in whicli they are fixed. The 
Usual method is to screw the wlieel to the uinlei' side of the metal stage. 
A'ow. if there are neither w^ashers nor a shoulder to the screw, it is 
’ QiiekeU, MU'iv. Joavn. vol. iv. p. 121 d -^^“7. 
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more than pmbnhle that when tlie Hiapliragin is rotated it 'will 
screw up ami jaui. The pureliaser may easily observe a inattev of 
this kiiul. Cylinder diaidivaguis, which were invented in 1882 bv 
C. Vhii'ley, are much used on the Continent ; tliey arc also often madV 
into iris forms. Also diaphragms with n very miiuite circular liole 
in the line of the opti(‘al axis are largely used just behind thi' 
{>biect-sli[i. These are employed with the mirror only (witho\it 
coirleusei') and with daylight alone. The object of this method 
of ill uminat ion being to render very translucent olyects visible bv 
incrt^ising the size of the black diffraction bands at their edges, it 
is, as Ijpfure stated, of no use for critical work. 

Condensers for Sub-stage Illumination.^— This (•ondenser is an 
absolutely indispensable part of a eom|>lete microscope. Its value 
cannot he overrated, for the ability of the best lenses to do their 
Wst work, even in the most .skilful hands, is determined by it. 
Perfect ion in the corrections of object-glasses is indispens^ible ; but 
those \s ho suppose and allirm that tliis is all that we need — that the 
ubjecti\e is the microscope — cannot understand the nature of modern 
critical work. The importance of it could not have been imlised in 
the sense in wliicli we know it in the eailici' dates of the history of 
the instrument ; but at as early a period as 1691 we pointed out 
(p. 134) that a drawing of Bonauni’s horizontal microscope showed 
the presence of a coiulensei'. It is, in fact, of some interest to note 
how oui' modern condensers gradually arose. 

The microscope that amongst tlie oldei* Coiaiis (1694) appears 
most efficient ami suited for the examination of objects by trans- 
mitted light was that of Hart-soeker (p. 134, ilg. 102). It will be 
remembei'ed that it was furnished not only witli a condenser, but with 
a focus.sing arrangement to l^e used with it, w’hicdi was not in any 
way affected by a change of focus in the object. This is a feature 
which, although not then impoibiiit, is of the utmost importance now. 

In tlie correction of dispersion in the lenses employed in the 
diopt ric form of microscope so much difficulty was experienced that 
several efforts were made to produce catoptric forms of tbe instru- 
ment ; the most successful of the.se was that of Jlr. Smith, of Cam- 
bridge, in 1838 ; Imt this and all other forms of re dectiug micmscope 
had hut a brief existence, and passed for ever away. To the improve- 
inent of simple lenses much of the earlier progress of inicrosco])i{‘ 
investigation is attributable ; and that known as ‘ Wollaston's 
donhiet,' <levised in 1829, was a decided inipiTivement in all respects. 
It coirsisted of two plano-conv ex len.ses ; imt tliis wa.s again improve<l 
by Pritchard, who aliei’ed t he lens ilisbmces and placed a diapliragm 
between the len.ses. When the oViject was illuminated with a con- 
<lensGr this formed what was the best dioptric microscope oi* 
jire-achroniatie t i 11 les. 

(lood results, within certain limits, may be obtained by means of 
the best Pi-itchavd doublets. With a i\,th ii\eh the surface of a 
strong Podura sv’ale maybe seen as a sui'face symmetrically score<l 
or engraved ; hut the Editoi' lias never himself l>een able to reveal the 

‘ Tbe word * condenser’ througliout this work is tii)])lied to optieiU appliaacei^ f(.>r 
the sub-slajje ; what is known as the ^ biiU’s-eye ’ is not called a ‘ condenser.’ 
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• t^xclaniation ’ inaik.s. and a.s this is the experiencB of the majority 
,d eflioient expeits, it may he taken tliat no resolution of these ’svas 
iK-roiiiplished in pre-achruinatie days; these lenses, in hict, over- 
lapped the discovery of acla’oniatisni. 

IRit the practical results of the use of achromatic lenses soon le<l 
experienced men, understanding their theory and practice, to perceive 
that if it were good lor the lenses which fonne(l the image, it was 
also good for the condenser. Thus Sir David Brewster in 1831 ad- 
vocated an achromatic condenser in these reinaikaljle words, viz. : ‘ 1 
have no hesitation in saying that tlie apparatus for illumination 
reqidres to he as perfect as the apparatus for vision this account 
I would recommend that the iUanimd'nuj lens shoukl he perfecthf 
free from, ehvormt'w and spherical aherration. and that the greatest 
Care be taken to exclude all extinneous light, both from the object 
and from the eye of the ol)sevver.’ This is a judgment which every 
advance in the con.'^t ruction of the optical jtart of the microscope, as 
used 1)V the most :iccomplished experts, has fully continned. 

AYe hiue no knowledge, from an inspection of the piece of 
ajtparatiis itself, of the construction of the compound sub-stage con- 
denser of Bona nni (%. 101); it does not appear to have attracted 
iiiucli attention, and of cour.se it was quite impossible to secure a 
vritical image by its means. Tt was focusse<l un the object merely 
(0 obtain a.s Ijright an illumination as ]) 0 ssilde, in order that the 
(hject luight be seen at i\ll. 

In tlie condenser used by Smith in his catoptric microscope 
(tig. 1 13) we have the earliest (1738) known condensev, by means of 
which a distinction ])etween :i ‘criticril ' image— that is. an image in 
which a sharp, <‘lear. Viright definition is given tl iron ghout, free from 
all ‘rottenness' of outline or detail — and an ‘ uncritical’ or imperfect 
image could be niiide. It was not, apparently, at the time it was 
first used, considered to l)e so important as we now know it to be ; 
and it is probable that the mode of focu.s.sing the light upon the 
oljcct by its menus w'as to <Urect the instrument to the sky ^^ith 
one band and to use the Ihconvex condenser with the other. In 
1837 Bir 1). Brewster writes of it with apiareciation, s;qving that 
‘ it performs wonderfully well, though both the specula have theii- 
prdish considerably injured. It slmws the lines 011 some of the test 
objects with very c(msiderahle sharpness. 

Xu advance was made this condenser for nearly a centiirv. 
In 1829 Wollaston recommends the focussing of the image oj the 
dlaphraym by means of a [)laiio-c()nvex lens of J of an inch focus 
upon the object, and Goring in 1832 says conc.ti*Tdng it : ‘There is no 
modification of davliglit illumination superior to that invented 1 a 
D r, Wollaston.’ But 8ir 1), Brewster objected to this, contending 
that tlie source oflhjhi itself .should lie focussed upon the object. ^ He 
[ireferred a Herschelian doublet placed intlieo[)tie axis of the micro- 
scope. But, wliiLsi Ihci'C is a very c\oi\y difference betwTcu tliese 
authorities, w’e can ikav see tliai lioth were right. 

Goj'ing, who was also a leader in tlie micrtiseopy of his day, u.sed 
diffused davliglit, and a.s the hms he enqiloyed was a plano-convex 
of I of an inch focus, the method of ibcussing the diaphragm w as as 



300 


accessory APP.IRATUS 


tnyod :is :iuv ))eL*{Uise tlie diaplir^igiti was ])lac‘etl at a, ilistancv 
from the lens of at least five times its f(X‘us, so that tlie diffeveiiee 
between iliiqiliragm focus and ‘white cloud' focais, or the focussing 
of the image of o'" white (‘loud upon the objexd, was not very gi'eat. 
But Brew ster was writing of a ilame from a saucer of burning spirit, 
and siilt when he insisted on the bringing of the condenser to a 
focus on the object, and in tliis he was, beyond all cavil, right. 

Tn 18^19 Andrew’ Ross gave some roles for the ilhnnination of 
objects in the ‘ Penny Cycloptedia.’ These were : — * 

1. That the ilhiminating cone should ecpial the aperture of the 
objective, and no more. 

2. AYitli daylight, it white cloud being in focus, the object was 
to be placed neai’ly at the apex of the cone. The object was setai 
better sometimes al)Ove, and sometimes below, the apex of tlie cone. 

:h \Vith lamplight a bulVs-eye is to l)e used to ]>arallelise the 
ravs. so that they may l)e similar to those coming from a white 
cloud. 

Of the old forms of condenser, that devised liv ^Ir. ( lillett was, 
there can be no doubt, the 
best, it was achromatic, and 
had an apei'ture of 80". Fig. 
2‘i9 illustrates it. It was 
litted witli a rotal ing ring of 
diaphi'agins [ilaced (do.sp he- 
hind the lens combination. 
Tliis was foianed, as the figui t* 
shows, by a conical ring witli 
apei'tui'ps and stops. Tlit‘ 
largi* mmdier of apertures 
ami sto[is it would admit, 
provided they are care- 
fully ‘centrerl/ are of gre:it 
value in practical work ; 
and the fact that they arc 

Fiir.'io9. — (iiltat's conaeiiBt'i’, tvoni placed as not to inter- 

' cm tlie Microscope,' fpre with the stage, makes 

this arrangement of dia- 
phragms and .stops an excellent one, and it is not clear why it has 
fallen into disuse. 

It had been tlie custom to recommend the use of this iiistvuineiit 
racked e'dixu' or irlthoat iU focm. Carpenter emjiloved it 

w ithout, and Qnekctt within, and one or other of ( hese methods was 
general. But in the use of gotid acliroinatic condensers with high- 
power work it soon liecame manifest to practical w’orkers that it is 
only when, as Sir David Bi-cwster [Kiiiited (mt, the sotirce oj light ts 
foctniml hg the condemer oa the object that a really critical image 
is to i>e obtained. And Mr. XeLson readily deiimirst rated this fa(‘t 
even with tlie condenser Cillett liad deviseil. 

Th(‘ next condenser of any moment is a most valuable one. and 
constitute.s one of the great modern improvements of tlie microscope. 
It was an achromatic condenser of 170° devised and maniifuctureil 
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!)y Messrs. Powell and Lealaiid. Wc liave used this instrument for 
tiurty-five years on every variety of subject, and we do not hasitate 
to alhrni that for general and ordinary critical work it is still un- 
siirpis.sod. Fig. 240 illustrates this apparatus. The optical com- 
!>iuation is a -1th of an inch power, and it is therefore more suitable 
for ol:)jcctives from a ]-th of an inch and upwards ; but by removing 
the front lens it may be nse<l witli objectives Jis low a.s one inch. 

Having given to this condenser so high a place amongst even 
those of onr immediate time.s, it may he well to sj>ecify wlmt tlje 
requirements are vv likOi a condenser eiiiployed in critical work with 
liigh tx)wers should meet. It is needful that we should be able 
(I) to obtain at udJI the largest ‘solid’ cone of liglit devoid of 
spherical aberration.^ Directly spherical aberration makes itself 
iqiparent tlie condfmser fails ; that is, when, on account of under- 
correction, tlie central rays are brought to a longer focus than the 
marginal ra}'s, or when, because of over-cai“rection, the marginal 
rays have a longer focus than the central, 

But (2) it is also an absolute essential that if a condenser is to 
lie of pvacli(‘al ,ser\ ice it m\i.st ha\ e a 
working distance .sufticieutly large to 
enal)le it to l:)e fociis.sed tlu'ongh 
ordinary slips. It would be an 
advantage if all objects mounted 
foi‘ critical liigh-}xmer work weio 
mountcil on slijis of a fixed gauge, say 
■06 inch. whitL would lie ‘medium,’ 

•Oo inch Ijeing accounted ‘ tliin/ and 
•07 inch ‘thick.’ 



It is plain, ianvever, tliat t<» Fig. 2iO.-Powell and T-eKluiuFs 
combine a. large aperture with a condt^nscr. 

great ^^•orking distam-e the .skill of 

tlie (>[)ti('ian is I'lilly taxed, for this can only be accomplished ( 0 ) by 
keeping the diameter of the lenses Just large enough to fivnismit 
rays of the required angle and no more ; (??) by working the convex 
lenses to their edge ; [c] by making the flint lenses as thin as 
possil>le. 

Isow it is due to the eminent firm whose condenser we have 
been considering with such appreciation to say that the cmideiiser 
reterre<l to {(1) did. when it was first devised and for many years 
after, transmit the largest ‘ solid ’ cone free from splierical aberra- 
tion ; (e) that it has the greatest working distance; (/ ) that its 
chromatic aberrations are pei'fectly balanced. In the poissession of 
these three e.ssential (pialities It stood unrivalled for upwards of 
tliirty yp.il rs. 

Tlie removal of the front lens of this condenser. \\'liic]i may be 
readily unscrewed, reduces it in iRiwer and angle, and therefore 
makes it suitable for ohjeetive.s of lower ])C)wer. This, however, is 
rather jin adaptation involving comproiiiiso than an ideal condenser 


‘ This is one of tlie ninny expressions which lU't* inevitable to the jnaotical use of 
apparatus; it is simply convenient, aiut means ixfiiU cone of liglit— a cone with none 
of its rays stopped out. 
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for low ptiwers. When the highest class of work 1ms to be done U 
(8 needfid to hm cotukimr^ suited to the power of the objective used. 

A dry apochi'onmtu' condenser of merit, is inade by Swift and 
Son* it Ims n X.A. of O'ho and an aplanallc cone approximating 
()’92. and works with ease tlirongli any object - 
slide, but is corrected to do this by tliinning 
the front lens and setting the front and back 
combinations fnrtlua- apirt than would be the 
case if they were used as an obje(ttive. The 
lower coinl)ination !ms a large, clear a|x'rtnre. 
The optical part of this instrument is shown in 
fun 241 ; we have used it, and find it a tho- 
T'oughlv [jractical and service ‘able (tondenser. 

, llefore the introdiu-tion of tlie liomogeneoiis 

Fkj. - 241 .— swift supti- X \ 

i-hnniiiitic (ISUO) fun- system, and tiie production ot such great {i[)er- 
aeusc'i-, N.A. Ot>.'. luces bv Powell and Lealaiid as a Pa in a ^tli. 

a ibth. and a focus, tlie (’one 

transmilteil by Powell’s dry achromatic condenser was as large as 
could he utilise^!. But with apertures such as these, aiul bceaust‘ 
of tlie suhsequent introduction of the a[)ocln-oinatic system of lenses, 
much larger cones were reipiired. To meet this necessity Powell 
and Lealaml, at the urgent suggestion of Englisli experts, made first 
a chroimitic eoiideiiser on the homogeneous system ; but this was 
suhseqiientlv succeeded by an achromatie instrument of great vahi<‘ 
on the same svstem. This combination consisted of a duplex front 
with two douidet backs ; it is nearly of tbe same power as their 
drv achromatic condenser, but is of mneb greater aperture. It uas 
In-ougbt afterwards to a very liigli slate of perfection, having an 
aperture of P4(h and wall work tbrongli a mounting slip of '07, and 
for a^ierture and working distance is, like its <lry pi'e<lecessor, (jiiite 
tinap]>roacbed. 

Messrs. Powell and Lealand have produci'd an entirely new 
condeu.ser. strictly iq^ocbromatic, employing a tiuoritc lens in the 
{■oinbi nation, and presenting features in tlieliighest degree <lesiral)le. 
We find its N.A. to be (Vlbk its focal length long enough for a thick 
slip, its aplanatic aperture '5). We have found it, of the utmost 
]ti;v.'ti(‘al value in critical work, and tliis valnahle ap[)aratus has 
been greatlv increased in elliciency by the application of a <levi<T 
bv Air. E. AI. Xelscui, [iroviding it with n covrecitoii coUav, wiiicli 
can he used with the utmost ease, no matter in what position tlu' 
niieroscope inav he. It is similar in ))ractice fo the correction 
collar of an ui’dinary olqective; it lias a stee[jer spiral slot, and 
onlv half a revolution of movement; a long arm is fixed to tlu' 
collar, so that it may be conveniently veardied by tlie finger. The 
whole condenser is represented in fig. 242. and the arm for moving 
the correction collar is seen on the right o( t he o]>ticul tube ; it 
turns at tlie .slightest touch, and the collar moves only the hack 
lens of the coinbimPion, leaving the mount rigid. 


The object of this c()n'(‘ctional movement is jirimarily to increase 
the maximum aplanatic aperture of the cojidenser ; tliis is etiected 
by scparaling the lei)s( 3 S. If the Iiack of a wide-angleil ol jective he 
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when an object is ilhiminated by the full apevture of the 
tdiidenser, the edge of the flume being in focus, it will be noticed 
titat the ill unlimited 
jiortion of tlie back lens 
uill be oval and pointed 
instead of civculav. 

Also that when the 
L'Oiidenser is racked up, 
altliough the exterior 
shape of the illuminated 
jiovtion will he{‘oine 
more circular, two ilark 
patches will appear on 
i'itlier side of the ('enti-e, 
showing the operation 
of the spherical aber- 
ration of the condenser. 

If under these circum- t..,. mo v^i ^ n ^ 

, - 1 10. s cori'RCition nollaL' to Lowell'S 

Uances the lense,^ be apoolironuitic cojKhmser. 

aejxmded hij ‘nmuts. of 

the collar (uijnstment, the black spots )ciU be closed ap, and a ciiralar 
<iad evenly ‘dluniiiiated dhc adll appear. This is a distinct optical 
gain, and will enable tlie oliserver to see inore thari he could 
liave seen liefore. Mr. Xeisou made this manifest on the examina- 
tion of a well-known diatom, yavicida major. If examined in its 
“ principal vieu ,’ two x ertical stripes will lie seen running down tlie 
centre of the hoop (fig. 243, a) ; tliese can easily be resolved into 
stri;e witli a ]-inch objective, l>ut the probaliility is that these stihe 
are not the real .strncture but I'ows of minute perforations ineom- 




Fui.m 


Fio. Watson’s oil-iimiiersion condenser. 


[iletely resolved (fig. b ) ; by using the condenser with tlie collar 
correction these striie were resolved hy iiieans of the enlargeil 
aplanatic cone it praluced, as shown in c. 

Another advantage of the correction collar is that it enables the 
worker to <leterinine most delicately the size of the illuminating 
(‘one, and so to record it that it (‘an be with facility exactly resumed 
at any time (./oar «. /?. Micro. Soc. 189-^ pt. ii. ]>. 231-2). 

One of the most vaUiaVde condensers introduced by any maker 
lately is an oil-immersion one by Messrs. Watson and Sons, It has 
special claims upon the attention of those wlio work with high 
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powers, for ^\■e know of no similar instrument that yields so large ;( 

‘ solid cone ' of ill miiinatioii. The construction is an unusual one. 
the corroctions for both spherical and chromatic aberrations l)eiu^^ 
edected by means of a. cement, eil triple back lens, as is shown in tlu' 
illustration of tbe ojifh-al system in fig. 244. The only flint gla.s> 
u.sed in it is tlie middle of the triple back. Tbe total numerical 
aperture is 1*33. tbe aplaiiatic aperture being in exces.s of T2.h 
Tbe magnifying power is J inch, and the clear aperture at the bark 
of tbe lens is i'’„ths incbj and it works through a sli[) of '07;) 
thick. 

With tiie front lens removed it is an efficient dry condenser foi- 
medium powers, magnifying |ths inch, with a total X.A. of *56, the 

a p la 1 1 a ti c i \ ( lerture being 
o\ er *5. It is mounted 
like their ‘ Parachro- 
matic condeii.ser ’ shown 
in fig. 245, winch is also 
a very useful instru- 
ment, with a total X.A. 
of 1*0, a power of 'j’ths 
inch. It is .shoAvn here 
principally for the 
mounting, whicli i?; 

Fig. 215. — WiUsoii s earachromatic conflcnser. ideiltit’al With that Used 

with fig. 244. The 
collar into which the optic^d part fits carries an ii'is iliaphragin ; on 
the diametrical edge of this is engraAed a. scale showing the X.A. at 
Avhich the coinlenser is working when the iris diapJiragni is in a 
given position. We liave used this condenser with much pleasure 
and profit, and can coinmeud it as a truly valuable instrument and 
yet remaikahly low' in price. 

A condenser sitisfying modern necessities has also recently )»een 
made by Mes,‘:^vs. K. ami J. 
Peck, which w'C illustrate in fig. 
24() in its complete comlition. 
Tlie optical coiiil limit ion consists 
of fair systems o(‘ lenses, the 
front of which is a liemispheve, 
with three comliinations behind, 
and the wliole is constructed on 
the [irinciple of an oil-imiuor.sion 
objective. Tlie X.A. varies from 
1’35 to 1*4, and the aplaiiatic 
cone is about 1*3 X.A., the 
working distance being fully ’Oti. 
We can sjieak higidy of this 
instrument; it is in our judg- 
ment tlie best condeiisei’ ever 
made by tliis firm. 

Another condenser lias been made recently by the same firm, 
with X.A. of 1*0, the ma.ximum obtainable w'ithout imiuersioii 
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...iibiet, its aplamtic apertui-e is -9 X.A. 1‘0. We illustrate this 
f<,rni in 



Fni. 247-— Beck’s eoiideiisev will) N.A. ril. 


It is with great pleasure that we are a))le tu aiiuouiice the 
|no(lnetioii, l>y the firm of Zeiss, of a ' centmj oil-lnyitir'i'skni achro- 
iiwtk condanmi'' of X.A. 1*80. This is what we liave long desiretl 
to se(\ Miul we liave used it with admirulile results. It gives a large 
illumiiiatiiig aplaiiatif eoiug lienee verv ohliipie ilhuiiinating rjiys. 
The centring ar- 
iatigemeiit is the 
as that of the 
achromatic euiiden- 
-cr of the Siiine firm 

liaviiig 1 '0 X.A. Tt 

is supplied with an 
iris dia[ihragni of 
the most perfect 
ivorkmanshij), and 
the condenser is 
((K'lissed not onlv hv 
rack ami })inion 
movement, but uho 
o f a special 

jinc, ; this Fio. 248.— Zeiss’s centring oil-immersion achromatic 

is nceomplished liy condenser (l SUth. 

t lie aill of a rotating 

t'liiu' provided with a ditterential thread, as will be .sctai In examining 
the illnstration wo give in hg. 218. 'fids allows tlie eondenser to 
he easilv foeusseil "at intervals ot about b’Ol uuu. ’!•}, means ot 
tliis fine adjustment the eomlenser may lie focn.s.sed n]> to alioiit 
1 mm.’ 

Messrs. 8wift and Son make a panachromatie flrv condenser 
having a X.A. 1*0, an aplanatie euue of (l-fiM, and it works well wlien 
■t cvitieal image is de.'^ired. It is well corrected for colour: they 
aid'll make a panaphiiiatie oil immersion ot N,.\. I'tfh with an 
aphmatic coiu^ of 1*25. Tlie new iiptical glass is used tliimughout 
die .system. It is mounted in an adjustidile cell if desired.^ for 
'‘"rrecting the variations in the thickness of the glass slide. The 

X 
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iri^ iliapliragiii siipiilioJ with this ctmtleiisoi- is gindiiHleii to shov, 
tlu^ N.A. ^^Tlon greatLM' actniran' is requii'e<l, but the still luo)-,- 
a(M-ui-ate method of omidoying fittings with scpavtitc dises with theit 
X.A. niai'ked on them is also sup})lied by the makers. 

A very {‘oiiijilete achromiitie coiideuser is now made- by Baker (if 
Holhoni. This eoiidenser is a moditication of the well-known Ahhi- 
form, in that the diameter of the (‘ompoiieiit lenses is considcrahK 
smaller ; tliis I'ediiet ion in the si/.e o\‘ the lenses, allowing, as it does, oi' 



I'lc. •Jr.r Piiker's new iKhi'oiiirttic comltaiser 
X.A. I'tl, 


greater freedom of move- 
ment of the meehauic-al 
stage, has been efleelrd 
without in any way de- 
creasing its optical etli- 
cieiiey ; on the contrary lla- 
a|)hinatic aperture has Ikhmi 
increased, thus rendering 
it es[>ecially .'suitable for use 
witii high powers. The 
total a])evtnre. is X.A, lO. 
of wliicli X.A. 0d)0 is 
a|)lanatic : the diamdcr 


of the back lens is 22 mm. 
{]■', in.) and the power of thecoiidmmer asa M'hole is U) mm. ( iu.) 
with a working distance of 2'.') mm. (i'„in.)‘. with the front len> 
removed for low-power work the power is reiluced to 20 nun. (,y, in.), 
and tlu‘ woi’kiug di.stanoe, which is ciilcnlated with I he lamp Ikniie 
at ten inches, is increased to lO'O mm. (e in,). 

The ahovc is mmiiited in the usual sub-stage titting of univcixil 
gauge with iris diaphragm and Cairiei' with dark-gronud stops, as 
s\u)wu in the illustratioiv of it in lig. 240, 

It is esseuti:d for ideal ilUnuiuutlou with tiansinitted light 
(1) that the illuminating axial com* should he appvoxiumtelv enual 
to the aperture of the ohjecti\ e nsi'd ; (2) that the olfiect shottM hr 
placeil at the ajiex of this cone. 

If an objertive breaks down with tins ideal illuminatiim. whirl) 
is \erv prohahle, ^ve must be euntent to sacrifice the ideal; or. a-s 
is also exceedingly iwobable, if the object under examinat.ioji kirks 
contrast, the hleal method must be modified. Ihit if we have a 
siiitalile oliject and a perfi.'ct objective, it is the .strong conviction 
of some Icjidiiig experts that, as we iiicrcfise the cone in a[)ertnre. we 
iiicreast' tla^. [lerfect rendering of the image, until the point is rcarlieil 
where the cone from the condenser is e<pial to the apdturc of lke 
ohjective. Tins ideal can be n'alised witli fine apo- jiiid semi- 
upochromatics up to ‘d to *4 X^..\. A\dt.b 1he most }»erfect objectives 
of the pi'eseut day of nd X.A. ami ujnvards we find in pnictice that 
the hest results are obtaitH'd when a i-oiu' of light is used whicli. on 
the remoV!\l of the cye-piece. is fouml to occupy three (piarters of 
the area of the tiack lens of the objecti\'e. 

Xo con<lenser is sntHciently free from sjihevieal aberration to 
transmit a cone eipial to its oc'a a[)ei‘ture. Condensers are all more 
or less inalev-covrected, juul c(»nsetpicutly focus their eenti-al rays at 
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o-resitei* distiince than their marginal rays. If we rack np the 
(•ondeuser so tlmt tlie marginal rays ai'e focussed on the object, the 
facus of the rays which i)ass tliroiigli the centre will he beyond the 

"' it is well known to thase practised in iiiicrosco[)y that, in the 

of a narrow cone from a well -stopped- down condenser — that is, 

•( conilcnser used witli iHajiliragms of i‘elatL\ ely small <liameter — the 
illumination is at its greatest intensity when the object is at the 
•ipex of the illuminating cone, and, if tlie condenser is racke<l either 
11 ] t or down, the intensity of the illumination is ra[>idly diiuinislied. 
Hut in the case of a condenser with great aperture, if it be racked 
up the marginal rays \v\]\ have their full intensity, while those wliicli 
puss through the central portion of the ocuidenscr will have a. 
diminished intensity, 

The extent to which this will take [ilace will be wholly de^iendent 
oil tlie amount of under-currection present in tlie couden.ser. in 
Minie condensers the imder-corre<*tion is so serious that to obtain a 
vide or even a moderate cone we so enfeelde the central cone as to 
•e<luce it almost to a mereannular illiiiniimtlou, whicli is not a desii'- 
dile quality. 

It will be seen, then, that the aperture of the cone of light trans- 
iiitted hv a condenser plays a very important ^Kii't in giving critical 
piality to an image with different objectives. We should therefore, 
■o use a condenser accurately, be able to determine the aperture of 
lie cone we are using. 

We may measure the total aperture of a eondenser just as we 
lo tliat of an ohjective, viz. by means of Aldae’s iipertometer.^ But 
:lie effective aperture eaiinut be measured in that way; tliat is to 
siv. the aperture of the largest aplanatic cone (or cone free from 
spherical aberration) the condenser is eapable of giving, eannot be so 
discovered. 

To do this, place the condenser in the sub-stage and an objeeti\ e 
(ui the nose-piece : focus loth u[)ou an object, bet the edge of the 
lamp-flame be ii.sed. and so arrange tlie focus of both optical com- 
binations that the edge of the deal' image of the lamp-flame falls 
ceiil rally upon tlie oi))cct. Aow move tlie olqect just out of the 



field, remove the eye-[dece and examine the liack of the olijeetive. 
and if the aperture of the aplanatic illuuiiuatiiig cone is ijreHkr than 
tliat of the objective it will show tlie liack lens to he full of light (%. 
-50). Tlierefore, if the aperture of the olijective is •'). we know that 
ttie aplanatic illmniuating coiic cannot lie le.'^s than '5. if now we 

' CluqiU’v V. 
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(‘lose the diuphragni .so that the image of‘it jost appears at the hick 
of the objective, we are able to determine the apeT'tiire of the inuiui 
uating cone with tliat given opening in the diaphragm ; thus in fia_ 
251 it i.s a tritle Ios.s than '5 X.A. 

In a similar manner the apertures of the other diaphmgtn open- 
ings can he detennined. 

Now let the diaphingm be opened to tlie full aperture, and ;,j| 
oljective with a wi(lei‘ apertui'e, say ‘95, be used. It will per!irip> 
he found that before wc are aide to fill the back of the objective wit t 
lighfcby racking up the condenser, two Idack spots will be formed on 
either side the middle of the disc. When we reach the disc of light 
that is largest (fig. 252), any further racking up causes the apjicar- 
ance shown in fig. 258. Tlie- Imt point before the appeemmce of tho 
black f^pots indicates the largest aplatUiticaperiHre of the, coude/nser^ and 
is the Ihiiit of the CQiKlenser for critical n^orkd 

There are inaiiv other condensers of more or less merit and use- 
fulness than those uhich we liave already described and illustrated; 
but for most recent lenses, and for the finest criti(*a] I'osnlts, we ]\<\yo 
given them as full a rej.)i'eseutation as (“an he I'aii-ly desired. Kiit 
there arc still some forms that either from their own peculiar value 
or their historic importance deserve consideration. 

condenser knon-n as the ‘ ^Vehster ' was first made in 1865, and 
is still a \ery useful cme for low powers. Tt. is the same as that 
made bv Suiit, l)ut witbont. the middle cotuhiiiatioii. Its angle is’ 
l(‘ss, and its range is not so extensive : hut its chief commendation in 
possessing these (pialities is that, having one combination less than 
Swift's, it is of tiecessity lowc'i- in pi'ice, and on that account will 
w(dcome to some workers. 

In its present form it reverses its primary con, st ruction. It is 
now made with a double front and a single back, instead of a single 
front :Uid a double back. 

A chromatic coialenser which has been very largely used in 
England and America, and which lias secured a great deal of coiii- 
mendation, is that of Erofessoi' Abbe. The (!pti('al [irodiictions of 
.\blic are t(X) well known and too valuable .as a I'ule to make it. 
needful to be other than jierfectly frank concerning so imp(M“tant a 
piece of apparatus as this ; and there can be no doubt that the wide 
popularity of this instrument is due, not so much to intrinsic merit 
as to the fact that it has been employed much by those who. 
previously ignorant of the value of ang condeirser, have at oiire 
percedved the enhanced value of the results yiehU'd Viy its means. 

To those who have made the scientific use of tln^ microscope a 
careful study in England it lias been a persistent source of regret 
that it was so long and pertinaciously taught that the ‘ corixx't 
lii.stologi<-Hl microscopie must be of tlu’ Hartnack type, and t.hat it 
should be used with naiTow-angled dry lenses, perhaps a ith-inch 
focus, and no illumination but t.liat afforded by a small concave 
mirror, the focal jioint of n Inch is extnmicly duulfiful or unknown. 

■ ‘The Bavh of tic* OljjMtivf niKl tin- ('oudensev.’ K. i\[. Nelson, 

xlviii. ’No. ISHS, 
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01(1 in practice wholly disregarded. Xo doubt a student instructed 
.jji r/iese lines would be astonished indeed wJien he exchangefl such a 
j.ractice for the illinniiiMtion and improved image afforded by an 
A I i](e condenser. 

L'sually sucli exchange of illuminating method presiiges an ex- 
( liaiige of instrument, for the scientilicall)' imperfect and wholly 
uiis-itisfictoiy ‘tool 'that is in the majority of cases put into the 
liniids of the medic^il student will not lend itself even to an ^bhe 
coudenser. 

Tl^e ihet is that a large part of the admiration that has been ex* 

I tressed for ibis condenser has resulted, not from a comparison of its 
i-(:>snlts n'ith those of othr high-class 
nrhromalie condensers, but of images 
(tlitained without any sub-stage optical 
:iri;mgeinent.s at all, placed in contrast 
willi the results obhiined by using this 
roudeuser against the same o>)jective 
wlitai used without its aid. Rut that 
(wen these images are entiiely inferior 
to the images obtained l)y the higher Fig, 254.— Optical arraugement of 
(n-der of achromatic condensers wc only clu-omailc condenser. 

ic(|iiire the practical testimony of 

Professor Abbe to prove; for he. has since produced an achromatic 
{■uKiknser of Much merit, to which we give consideration below. 

In its mo.st perfect form thi.s ckrornatic condenser of Abbe’s con- 
.d.'^ts of three single lenses, the front being Itemispheih^al, and the 
two lower lenses form a. Herschelaii doiddet-. This combination is 
sliowiiinfig. 254, and the general form of the instrument, as applied 
to i^eis.s’s own iiiua-oseopes, is show'ii in fig. 255. 

The powei- of this condenser is low', and its aperture is very large 
(I '46); hence, beyond the fact that it is not achromatised, it has 
enormous spherical aberration. The distance bet.weeii the loci of 
the central })ortion and of a narrow annular zone wliose internal 
diiiuietev is |tii inch is ;th inch. Its aplanatie aperture i.s therefore 
only ‘5. Now, w'hilst it is again of no inconsiderable cliaracter to 
liavi' an achromatised condenser, yet tlie point of vital importance is 
that it sliould 1)0 aplanatie ; the best condenser is always that which 
will transmit the largest ajdanatie cone. At the close of tltis section 
we furnish a table of the relative (pialities of the condensers of the 
I test construction now accessible to the inicroscopist. )uid a refei’cnee 
to tliis will show that Powell and Leal a nd’s dry achromatic (fig. 240), 
witii the top reynored. is in this respect as elficieiit as this form of 
Abbe’s. 

This condenser can be used either dry or homogeneously ; but of 
course with objectives of greater aperture than i'O the base of the 
slide should always be in oil contact with the coudeiisor. 

it gives the principal modifications fi’om direct t») obliipie ilhi- 
iiiiu-.tioii with transmitted light by changing and moving a set of 
di.-iidiragms placed in a movable fitting, and the diapliragm may be 
moved eccenti’ically to the optical axis of the comlenser l)y moving 
the milled heail, It gives dark-ground illumination with objectives 
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of ij X.A. : 


for ^lu-h illumination, in fact, it is perluqts the best 
.■Ntant. an.l sl.ows «bje«ts on a da, -k ground «-ith 
srnrklim' l.rilliancv. ami may he useJ with polarised light. 

\ (.hromatic condenser, somewhat similai- in eonstrnotion to this, 
•uid of low iirice. is made hy Mes.<rs. Powell and Lealand ; but it is 
of mmdi higliev power, so that the distance lielAveen the foci for 
the eenf.i'a] ami perijheval rays i.s not so great and (ni this account 
it yields a somewliat larger aplanatic cone. Thi.s instrument with 
its .Ihifihrai'-ms is sliown'in fig. “250. It is more convenient in fornr 



and can he handled and adjusted with greater facility, than thai u) 
Al)!'c. The size of tlieir respective hack lenses is significant in this 
reganl, that of Powell s being inili, and that of Abbe’s being 
1 fh inch. This instrument, of Powell’s, if fitted in the usual way. 
would lie now a very efficient iiistjaunent of its kind and quality. 
The ])articnlar ipialitv of ohhque illumination was in fact still 
further ad\anced hy a modif ed tbrm by the same makers known as 
Powell's trnneated ('omlenser, which gives great obliquity witli 
abundance of light, hut it is as a matter of course very cliroimitic. 

The diapliragms (fig. 250, A) liave a central ajierturc for the 
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jiiii'jioso of centring, and the movement is nuule ])y means of jin 
sliding tnbe f>, with a slot at the top in wlnih the arm A fits, 
,,iid aiiotlier arm, 13, is placed at the lower end so as to give I'eadv 
command of tlm I'otation. Tins plan allows of the use of one or two 
thliqne pencils incident 00*^ aptirt in azimuth. Tim condenser thus 
niminted is only intended as an oldique illimiiiiator. It forms one 
(,(' the best of the very cheap comleiisers when it is mounted in a 
j, Lain tube mount with a ledge to hold the diajhragms, 1 ) is the 
itplical part of the condenser placed immediately above the ilia- 
jiliragiiis ami in oil-immersion contact with the l)ase »>f thh slide. 
'I'iie (drcular diaphragm is fixed into the inner tube attached to tlie 
>uh stage t\ die (J, just l)eh)W the position of the arm A ; the other 
diapliragm is s<a-ewed to it by a screw in the eeeentric liole, shown 
ia each. It will be seen that wlien the diapJiragius are jilaced 
rooether in this manner t]\e 


movement of the arm will 
jii’udnce the changes in tlu^ 
liirlit as above mentioned. 

As we intimated above, 
?i‘ofes.sor Abbe subsequently 
jtreduced an achro/iKdlc con- 
Ji’inec, osteiisil)ly for use in 
liigli-poucr photograpliic 
work, but in fiict of much 
uinre general utility. It 
nnisisted of a, single front 
with tuo double backs, and 
it [irojects a sharp and per- 
fretly achromatic image of 
tile source of light in the 
[ilaiie of the (dtjeef:. Its 
powiT is low, being .7 inch 
torus, and it has a total 
ajw'Vture of TO. Its great 
-ii|ii‘riority over the (hro- 
iiiatie form is that it trans- 



Flo. — Powell tOiG Lealiind’s 

cliroinatif oil r-onden.ser (18s(i i. 


iiiitsa mueh larger aplaiiatie eom^ than that ; for whereas the former 
gave only an aplanatic com* of m, this instrument yields a similar 
cone of 1 ) 0 . ihit we have alreaily expressed our pleasure that (weii 
tins form haslamn sui'passed by tlie high quality condenser illustrateil 
111 fig, ’J.)7. Tike its predeeessoi-, it is large and heavy ; and. witli 
great ileferenee and respect to oiir Coiitinenfal neighlionrs. wi* wiadd 
suggest that tliisis a too general characteristic ; the hack lens in this 
case is more than an inch in diameter, while hmely of an inch is 
utiliseil when it is transmitting its largest lame. A vi'ry exra-llent 
iiiodifiejiTion in titling it to Engli.sh microscoj.es lias hiaai made by 
Hr. diaries Uuker. the optieian, which is sliown iu lig, 2 "> 8 . where 
it will 1 k> M.(ni tliat the fitting fur stops is conveniently plaee<l, and 
■'ll iris iliaphragm can he used with great ease below this. This 
'tiiiai-out arm eari'ies a disc <if metal to nweive the dia]ihvagiiis. 
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stops. At'. Over I liis is fitted a ring into which screw adapters, which 
will allow other coudenscrs to be used oii the one mechanism. 

The metal <lisc should have a central ftperture as largo as the 
l;a-<rest, hack lens of any of the combinations to be used with the 
moiuit. It should he thirk eiiougii to receive two stops or dia- 
[diragms at a time. Tliis ^Jower to alter a diaphragm or stop so a.s 
to sceuiT any retjuired airangcment of ajiertures and stop.s without 



’257. — -\bbe's aclironiatic- <'OialfitKui‘ (1888). 


ni the least disturbing any of the adjustments of the eomleiiser is a 
practical gain of a verv valuable kind. 

Diaphragms should he marked with the lunncrieal ajpertin-e tliev 
yield, and stops should l)C marked with the numeih'al a])ei‘turo ol 
the eoiu- they cut out. Empirical numbers are misleadiim and 


O’. 



L’Ui. 2.78.— Bala'i’s fitting for .Kbbo's aebro- 
malir condeiisei’ used in English inicio- 
scope.>. 


valueless, '^^riiis sj»eeial mark- 
ing need not involve two sets 
of dia[)hragms with two eou- 
denser comlii nations, one for 
high and the other for low 
powers ; the dihereiit mnueri- 
eal apertures fur each may he 
marked on either side of tlu’ 
diapliragm or stoji. IMemory 
can not fail if we make the 
loi^'tr sid(‘ of tlie diaphragm 
indicate tlie apertures for tlie 
lo\\er'|»ower condenser, ami 
eke rers(t. 

We may note that for 


dark ground work. sto])s 
’'lundd he jdaced clo.sf) to the hack lens of the condenser, anil in the 
case of a diapliragm— which is loss imiiovtant— an incli of distance 
should not be cxceederl. This condenser gi\e.s dark-ground ilhuni- 
uatiou with objectives of ‘a X.A. : for siicli illumination it is one of 
the l>esl ilUiuiinators extant. 


A yiMPLE OONl)E>3yEK 


3^3 


The iris diaplirMgiii is for general purposes more convenient than 
tlie usual circular platCj l>ut it has the drsi whack of being incapable 
of setting to any exiict size, A delicate jxjint in an image, caught 
with a certain -si zed diaphragm, is nf)t regained with eiisc and cer- 
tainty with tlie iris,* and may involve imich patience and labour; 
tint a well-made large plate of graduated iliaphragnis will wliolly 
l•em<)ve this dirticiilty. Moreover, for testing ohject -glasses it is 
>upveinely important tliat a metal diapliragiii be used, so tlutt th(‘ 
i-onditioiis of illumination may be readily and accurately repro<luced. 

It may be of service to those wlio are urialtle or indisposed to 
s[>end considerable sums upon condensers to state that an excellent 
achromatic condenser c;in be made by ])laciiig a Zeiss ‘ aplauatische 
biipen ’ on Steinheifs formula, in the sub-stage. ■ Tliis plan has 
been adopted in one of Reichej-tis sUnids. as we have seen. 
These are made in two ditferent ])owers, viz, 1 inch and Ji inch, and 
we can fully te.stify to tJieir being the most useful liand -lenses for 
oi'diiiary w'ork that can be eiuph)yed. (h-eat credit is due to l)i‘. 
Zeiss f(*r bringing (uit such excellent achromatic lenses at so low a 
price, and so meeting a want long and generally felt. Excellent 
forms of triplet lenses answering a similar purpose are made hy 
Bausch and Lomh after tlie calculations of Professor Hastings, and 
most leading makers. Continental and English, make similar magni- 
liersto those of Zeiss. An achromatic loup of this kind is almost an 
indispensable accomiianiiiieat of a microscopic outfit, and. if a tube to 
receive it Ije aiTiuiged in the sub-stage, tliese huises make reallv ex- 
cellent condensers for low' powers. It need not have a centring sub- 
>tage, luit only a central fitting. It is not of course (pialified to 
supplant the condenser of larirer and more perfect instruments, but it 
is capable of luisiiig students' and other .simple microscopes to a much 
higher level. 

eVithout a eondenser the mici'oseope is either (hy construction) 
not a scientific iusti'ument, or it is an instrument uirscieiitifically 
u.scil. It hecomes a mere ‘ magnifying glass.' It is the adajitation 
for and use of a condenser — tluaigh a.s simple as a hemispherical lens 
fitted into a stage plate that raises it to a microsco[)e. 

Wo liave already referred to tlie nature of the mechanical 
arrangements needful for the condenser in a general way (Chapter 
in.. p[). 180- IhB): we may add here tliat tlie .simplest form of suh- 
stage lieing a tube fixed ceiiTrally in the optic axis of the micros(' 0 [>e. 
the simplest foi’ui of condeuser-inouiit will l.ie a tube sliding into 
tliis. It mu.st not screw, it must push, and there should lie a little 
lielow the liack lens a .slioulder to hold the diapliragins. stops, glasses, 
iVc. Centring gear is not ne('es.siry with .students' and elementary 
mici‘().scopes. The slight displacements due to varying centre.s of 

' Tfc will be urged tliiit iqieilurcs cuii be exactly reiu-odiiceil with the iris in 
['liotogriijOiic Icnsi's; why enunot they, thci'efore. in the case of the microscope V 
The answer ih il l that with wide-angled condensers a very >light difTercnce in the 
iqtertii re makes a very great difference in t!u' angle; a siinihir ililtereiice would be 
iiiiAppre'-iable. in the ease of a photographic lens, o>j It. is in small apertures such 
as arc seldom used in photographic lenses wiiere the dilliculty arises in the case of 
the microscope. itJ) It is in the small apertures that the iris fails to respond to 
the movement of the h'ver. 

' Joiint. Qiickftf MIrJ’liilf, vol.iv. ser. ii. p, 17 ilSsS^on /Cciss’sloup. E, M.>Vlson. 
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ril)jet'ti\'es will with .Mich Ducrosicopes prove of no momeut 
if the is once for all cai-efnlly fixed centrally in the axis, 

M’liat we require, to do is to centre the image of the lamp flume 
:ih seen witli a low-power lens through the condenser, so that it 
stands in tlie middle of tlie fiohh This can he done hy moving tlie 
lainj) or the luiiTo]'. and until this is siitisfactovy the best results 
caiiiiot he ohrained. To obviate the inconvenience of lia.ving to re- 
move the comhiiiation in order to alter a diaphragm* or sto]) in 
tills simple mount an internal sliding tube may he used. It will lie 
a further aihantage to haNC a separate cell to tit into the bottom of 
the sliding tube to receite coloured glasses; a spiral slot'focus.sin'>- 
arrangement may be added with advantage to this kind of mount, 
acting like a pocket pencil. For students’ ami elementju-y micru- 
scupes— still so often ami so iiuwisLdy witinnit condtmsiU'S — this is a 
most inexqiensive and most convenient arrangement. 

An epitome of its [irim-ipal jioiuis may he of service. 


i. A su!)-stage tube fixed centrally to the laxly of the microscope, 
'i. A spiral slotted tidie to push into ( 1 ). 

M. A ttdie carrying the optical comliinatiou of the txmdcn.ser 
sliding into (:^). with a pin movijig in thc^ spiral slot. 

b A long tube carrying the diapliragm and slots sliding into (:f). 
•I. A cell carrying coloured glasses sliding into the hottoni of (I). 

//ioc/dbn/ /b/' ir'dli ths pohrimipe. 

1 hen at least two “turn-out rotating' rings aiv I'eqnired to )io]<| 
selenit(‘s. .Swift makes an ingeincais unilhin/ in parvo mount for 
lanployuig. amongst other things, the condenser with the polariscope. 
to which we call atWurinn in describing tlie polariscope. Hut we 
know of no ])lan equal to that found in the best staml (d‘ Powid I .and 
Lealaiid. The .suli-stage has a double ring, one placed concentrically 
within the other. The inner one revolves by a milled lieml .and 
receives the usual sub-.st,-ige apjiaral us. The outer one receives a 
mount of three selcnites which vevolvt^, and ai'c jdaced on “ tnrn-ont ‘ 
arujs. On the tqqter part of tins mount of sidcnitcs is a screw, which 
receives the optical comla nation of tlitdr ilry achromatic condenser. 
\\hen this i^ .screwed in its place we huve'a eondenser of t}u> first 
order, with a mount of three jdates of selenites taking the place of a 
mount of diaphragms, Ac. \o\v from tin* nmUr [urt of the suit- 
stage into The inner and revolving ring is (itted tln' jiolari.scr, and 
tins leaves little to lie desired in practice. 

e would advi.se the luicroscojiist to avoid comlenser mounts 
winch (urry their own centring movements apart from tla^ sii)>- 
stage If i.s with vegref that wc find that this plan has been adopted 
111 A!)fies new acliromatic coiiden.ser, It is miiuifestlv better to fit 
tfic rectangular movements to tile sub-stage, and then thev liecome 
availalile t.,r all the apjiaraliis emplovcd with tlie suh-stage* A iT-m 
w m-li rerpures tliat each piece of sui> stage apparatus whicli needs 
(nitiiiig shmdd he provided with separate fittings fur this luirpoH. 
call have n<)t lung t() recommend it. ' 
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We give below a list presenting the most important features of 
tlie most important condensers, which we believe will be of service 
to the student and worker. 

The aplanatic aperture given in the table means the X.A. of the 
greatest solid cone a condenser is capable of transmitting, the 
source of light being the edge of the lliune placed in the axis. 

The cone transmittc<] by any condenser is assnmed, for practical 
jRirposes, to be a solid one, s(j long as tlie image seen at the Imck of 
the ohje(;t-glass when tlie ej'e-piece is removed (the condenser and 
flame being centred to the (;ptic axis of the objective, and the source 
of light focussed hy the condenser on tlie object) presents an un* 
broken disc of light. 

The moment, liowever, the disc breaks, that is, black sjjots 
;ippear in it, or its peri]jbery breaks away f)-om its centre, then, as 
we have sliown above, s})herical alienation comes into play, and the 
limit of :i])ertnre foi* whicli tliat condenser is aplanatic lias been ex- 
ceeded. 



{'imafiiHT 

Tdlill 

Hjif/rturp 

Apliiiiai ii* 

: afii'ri.iirf- 

IViwrr 



N.\. 

N..\. 



1. 

Powell and T.ealand's dry acbvmnatic (lSo4) 

■99 

■s 

1 


,, „ „ new formula (1850) . 

'99 

■8 

i 

•). 

„ ., lop lens removed 


■5 

1 

3. 

,, „ bottom lens only 


; 


4. 

Swift’s ■dchromatic (IbtiH) .... 

•92 

■5 

E 

5, 

„ top lens removed . 

. — 

■22 

1 

t). 

Abbe’s clnomutic (3 lenses) (ls73) 


■5 

1 

7. 

top lens lenioved 

__ 

•3 


s. 

Powell and I.ealand's chromatic (Abbe's 
formula) (1880) 

1-3 

■7 

.1 

0. 

Powell and Lealand’s oil achromatic (188()1 

1-4 

M 

1 

10. 

„ ,, ., , used (li’Y 

1-0 

■s 

i 

11. 

top lens removed 


■4 


12. 

Abbe's aeliromatic {lsSS| .... 

■98 

■()5 

A 

13. 

., top lens removed 

__ 

•28 

1 

14. 

Powell and Lealand's lo^\ -power achro- 
matic (1889) 

•N3 

•5 


i.y 

Powell and Lealand's apocbroraatic (1891) . 
Zeiss’s * aplanatische luiien,’ laige field 
(Steinheil formula) 

•95 

■9 

? 

i(). 

__ 

•32 

1 

17. 

Beck's achromutic. dry (18S3) 

I'O 

•9 

i 

T 

IS. 

,, oil achromatic (1900) 

1'4 

1'3 


10. 

Swift’s apochromatic, dry (1892) . 

■95 

■9'2 

T 

20, 

,, panaplanatic, dry (1897) , 

I'O 

•93 

1 

21. 

,, ,, oil (iS98) . 

1'4 

1'30 

\ 

22. 

Watson's piinachromatic. dry (18t)8) . 

I'O 

•95 


23. 

„ V oil (1899) . 

i'33 

1'25 


24. 

Zeiss's oil achromatic (1899) 

P30 


— 

2o. 

Baker's senu-apochromaLic dry (1900) 

I'O 

•95 

: 3 


The values of the first sixteen and of Xos. 22, 2a, and 20 liave 
been obtained frojii actual measurements; the others are from tlie 
'■stimates of the milkers. 

The limit given in the table is for the edge of the tiame as a 
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soum' of light. AVIumu however, a single point of light in tJie 
iixis is the source, the condenser will he niueli more sensitive, and 
{('lower Aidue for the iiphiiiatie ;i]ierture than that given in the table 
will he obtained. Hut as a single pcant of light is seldom, if ever, 
practicallv used in uuc“i'os(‘opy, it wsis deemed better to place in 
tlie table’ a [)ractical inther tluin a tlieoretieal and j)r(.tbahly truer 
i‘esult. 

It Itas been stated that the he.st dark grounds are obtained when 
{( sto]) is used whic'li is of just a sufficient size to give a suitable dark 
field and no more. 

When such a sto[) lias been chosen, and excellent results are ob- 
tained with. sav. lialsain -mounted objects, if, in the place of this, 
living animalcules ill water be examined, it will probably be found 
that a dark iicdd can no longer he obtained. 

For .■inimalcnles in water and ‘ pond life ' generally a stop liirgev 
than that employed tbr ordinary objects will be neee.ssary. 

Other Illuminators.— In the couise of the liistorv of the micro 
scofte a large number ofsjiecial [lieces of ajifiaratus have been deviseil 
for tlie 1)111^0.^.’ of accomplishing .some rc^al or supposed end in illumi- 
nation. Many of these have [moved wholly iiiqiracticahle and had a- 
mere ejihemei'a! existence ; many mure iie\'er aeeom[)lished the en<l 
for which they were supposed to be constructed; ami a still lai-ger 
number liave biMm siijerseded by high-rlass condensers. 

The great majorltv of these illuminators were devised for the 
production of ohliipic light. In the sense in which it was eiu[)loved 
a few years ago, it is rendered needless by emulensers of great afier- 
ture. All the ol)li([nity at present needed can be obtained with good 
coiiden.sers. 

To gi\ e com[)letene.ss to this part of our subject it is needful to 
refer to tlic sru'i'-LEX.S and the r.utAKOLOlD, although they are only 
servicealile h-r very low powers, .such as d-inch to 1 r>-inch objec- 
tives, and for u.<e with higlier ]»ow(‘rs tliey ai'e superseded by the 
conden.se r. 

A spot lens i.s a condi'iiscr w ith a [lernianent axial stop fixed in 
-it to cut off tlie central rays fi>r tin* [)ur[)(ise of (jl>taining a dark 
ground ui»on wliich the illuminated object lies. Its u.se is verv 
hciieiicial in low-jMnvei' weak. .Large insect prefiarations are [mo 
bahly better shown with this de\ice than with aiiv condenser, hut 
when the m<.)derate jiowers are hi'uuglit into ojieration the conden.ser 
at oiK'c makes manifest its superior (pialil ies. 

^ The paraboloid. r»r parabolic illuminator, as devised by Mr, 
M enhaiii. and suh.stvpiently im[ii'n\ ed by iMr. Shadbolt. ingenious 
and beautiful in.strument as it is, ertmes under the .suue category. 
It coijsi.sts of a paraboloid of glas.s that, rellects to its focus the rays 
which fall upon its internal surface. A diagrammatic section of 
this in.strmnent, showing the coui'se of the raNs tlii'ougli it. is given 
in fig. 2 oil, the sliaded portion representing the paraboloi<l.^ TIk' 

A pamtuilif iliaiiiiiiutoi’ wm.-, fiisL deviat'd by JIi', Wrnhrnti, who, liowfvov, 
Hiipluyocl ii silvt,'!' specultuii fnc tfie |)in'[nir,t‘, Aliftiit tile saitio time Mr. iShiuHjolt. 
ucM Lsed an aminlar CMiiidfiiser of glass Inr the suiiic ])ur[M)se isee TroJif*. Micri’. 

. (»r. sig. i. vol. iii. jip. Si), The two jiriiicinloB are fomhined la the glass 

Haraboloul. 
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jiiwallel rays r r' r'^ (tig, 259), entering its lower surface perpendicu- 
larly, puss on until they meet its parabolic surface, on which they fall 
:it such an angle as to l>e toUlly reflected by it, and are all directed 
i^owards its focus, F, The top of the paraboloid being ground out into 
;i spherical curve of whi(th F is the centre, the rays in emerging from 
it undergo no refraction, since each hills perpen(li(‘nlai‘ly upon the 
part of the surface through which it passes. A stop plac'ed at K 
|irevents any of the rays reflected upwards by the mirror from 
pissing to the object, which, heiiig placed at F, is illuminated hy 
the rays i*eflected into it from all sides of the paraboloid. Those 
nya which pass through it diverge again at various angles ; and if 
rhe least of these, G F H, he greater than the angle of ;ij>erture of 
the object 'glass, none of them can enter it. The stop 8 is attached 
to a stem of wire, which jiasses veitically through the paraboloid 



Fig. 2.59. 


and terminates in a knob beneath, as shown in Hg. and h_v 

means of this it may be pushed upwards so as to cut (>tl' the le.ss 
<livergent rays in tlalr [uissige towards the object. It is claimed 
that tills insfi'nnient has great capabilities of giving dark-ground 
ilhnuiuatioii with lenses of * wide apertures ; ’ l)ut that has ap]ilication 
to the lenses contemporary with its introdnetion, and not to wide 
apertures as applied to the lenses of to-day. In comparison witli 
wliat, can be done \Vith condensers it suflers gi'oatly alter we pass 
the vj-inch objective, although it does give excellent results with 
very low jiawers such as 1 -inch, I ^-iiuh, 2-inch, and 8-incii 
oijjectives when employcil to illuminate large objeds sucli as whole 
msects, because this iusti'iiment gives more dill'usion of light ovei' 
die whole of a lai'ge ohjei't than a condenser does. 

Polarising Apparatus. - In order to e.Niunine transpanmt ohjec-ts 
hy polarised light, it i-s necessary to cunploy some means of />o/io'('.sihc/ 
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tlHM-MVsl»of(livtliev|):\sstlironj(litli 0 ol.jeet. miuI to ajjply to them, 
ill some iKiit. of tlieii- coiivse between the object and the eye, an 
mcdiimi. These two requicemeiits maybe provided for ■ 
in difrercnt modes. The polarlmr nmy be either a bundle of plates 
of thin i>-lass, used in place of the mirror, iiud polarising tlie i-iiys by 
reflexi<>n ; or it may l ie a ‘ singh* image ’ or ' Nicol ’ prism of Iccdand 
SI Kir. which is so constructed as to transmit only one of the two 
'ravs'into \\hi(‘]i a beam of ordinary light is made to divaricate by 
passing through this substance. t)f tliese two methods the ‘ Kicor 
piisiiil< the one generally preferreih the oljeetion to the reflecting 

nolariser being that it cannot be made to rotate. This polarising 
prism is nsuariy fixed in a tube, and is shown in a simple form in 
A. fi^-. *2hl ; it is usually employed in a s\d)^stage whic;li rotates by a 
rack-and-pinion arrangement, so that rotation of the prism is easily 
effected. For the uiifihjs^i' a second ‘ Xicol piism is usually em- 
ployed; and this, fixed in a short tube, may be fitted into a collai- 
iiiter[)Osed between the lower end of the liody and the objective. 
MS is .shown in B, fig. 261. The prism in this fitting can also 

be rotated by the lingers 
gra.s]iiiig and gi\’ing cireular 
motion to the inner fitting of 
B, and it is ahvays imjiortant 
tliat the ])()larislng pri.sm 
should l)e large, .so as not To 
act as a. diaphragm to the con- 
denser. thus cutting oft* the 
light when it is used ; for the 
polai'ising a]>paratns mav he 
worked in comhination either 
witli the acliromafh* con- 
denser. bv which means it may lie emploved with liigb-puwei' 
objectives, or as a ■dark-ground* illuminator, which shows many 
objects— such as the horny poly|iaries of zobphytes — gorgeoiislv 
projected in colours upon a dark field. 

For liringing out certain effects of colour liy the use of polarised 
light it is, as already stated, desirable to iuter[)use a [ilate of sdenitc 
between the polariser ami the object: and it is advantageous that 
this shouhl he made to revolve. A very (-{mveni cut mode of effecting 
this is to mount the selenite [>latc in a revolving collar, which tits 
into tlu; upper end of the tul)e that receives the polarising prism. 
]n order to obtain tlio greatest vai-ieiy of coloration witii diffecent 
olijecis, films of selenite of different tliicknesses shouhl be employed : 
and this may be !ieeom[ dished by substituting one for another in tlie 
revolving collar. A. still greater variety may !)e obtained by mounting 
three filnis, which separately give three different colours, in collars 
revolving in a frame resembling that in wliiclt band-magniliers are 
usually inoiinted, this fi'ame being fitted into the sub-stage in such 
a manner that cither a single selenite, or anv eoiiihination of two 
selenites, or all throe together, may he hrongiit into tlu' n])tic axis 
above the polarising jnism (fig. 2ii2). . As many us thiidoen diflei-eiit 
tints may tliu.s i)e obtained. M'hcn the eoiistruetiou of the micro 
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.(‘ope does nut veodily admit of the eonneetion of the selenite ])la.te 
vvitli the pohii'isiiig prism, it is ronveuient to make use of a jilate of 
itj-iiss (fig, ‘ilh-l) somewhat lai'ger tlian the glass sli(le,s in w'hiih 
ulijeets ai'e ordinarily inoxmted, witlx a ledge near one edge for 
rlie slide to rest against and a large eiroiilar aperture into which 
:i glass is fitted, having a film of selenite eemented to it; this 
' selenite stage ' or ohject-earrier being laid upon the stage of the 
microscope, tlie slide containing the object is placed upon it, and. hy 
all ingenious modification contrived liy I)i’. Leesoii. the i-ing into 
wliicli the selenite [ilate is fitted lieiug made movalde, one plate may 
lie sulxstituted for another, whilst rotation may lie given to the ring 
Iiv means of a tangent -screw fitted into tlie brass plate, 'fhe 
liU'iety <if tints given hy a selenite film under [lolarised light is so 
greatly increased by the interposition of a rotating film of miea that 
two selenites - and hlue — with a mica film, are found to give tlie 
entire s'erie.s of colours obtainable from any number of selenite 
films, citlicr separately or in combination with eacli other, 

Tim compact apparatus made hy Swift as a general .sub-stage 
illuminator is useful and’ coiiimenduMe. 
ami is ca[)al)le of adaptation to most 
English microsco]ies. Ttis .sliown in fig. 
2()4. Tlie special a.lvantage of tliis con- 
denser lies in its having the polarising 
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prisiii. the selenite and mica films, the black ground and ubliipie- 
iiglit stops, and the moderator all brought, close under the back lens 
nf tlie achromatic ; whilst if combines in it.self all the most important 
iilijiliaiiees which tlie sub-stage of a good moilerate microscope (vin 
leijuire. 

Rings and Brushes. — Air. Nelson has pointed out (“dom-ii. 
R.AI.8..’ lHfi’2) that it is remaikalde the microscaipical text-hooks 
U'ive 11(1 aecoiint of tlie method of viewing the rings and brushes 
wliicli certain minerals show under polarised light. If the instni- 
iiieiiT he set up as if for viexving ordinary polaiiscope objects, not a 
ring or a lintsh will lie seen. 

Tlie whole poiiit lii's in the fact that it is a wide-angled Hm'Ope 
that is rei(uire<l, and not a luicroseope. Once tliis is recognised the 
wlioW matter is simple. A.s the microscope has to he turned into a 
wide-angled ]M>larising tele.seoiie, all that is necessary is 1o screw a low 
powi'i- on the end of the draw-tube, as in fig. 2fio. As tlie light requiri^s 
lo lie passed tlirmigh the cvv.stal at a considerable angle, a wide- 
angled condenser should he em]iloy(‘d, Imt it need not beaehromatic. 
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Tlif ol|)(‘(.'tive lUdst .suitable is a uf -65 X.A, ; but a Jtli of -7] 
N.A.. or a ;5r<l of M)5 X,A. will do equally well, its the whole of tbe 
haek leJis of' the ol)je(‘tive should l)e visible through the analysing 
• Xieol ; ' the bac-k lens of the objective must not he too large, thus a 
.'i inch <tf -or) X.A. would not do so well. The analysing prism may 
be placed either uhere it is in the drawing or above the eye-piece, 
ri'actic-'illy it works very well above the 
olqective. wiiich is tlie ])osition it occn[aes 
it) ■ oi'dinarv microscopical oulHt.s.’ 

For the draw-tube ii 2 inch objrctive 
aiul a 1> or C eye-piece will ansuer 
adiiiirablv. 
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down the body, so thfit the objective on the nose-piece ne^irly 
touches the crystal ; then focus with the draw-tiil)e exclusively. The 
s lib -stage condenser should be racketl up close to the under side of 
tjio crystal. 

Tfis me of inmiochromatiC light is frequently desirahle in 'micro- 
xcopic work, especially blue light, although of less moment than 
ill pre-achromatic days. The usual method of obtaining coloured 
liitlit is to pass sunlight through coloured glass, or through a 
coloured solution, such as the ammonio-sulphiite of i‘Op|)er ; but this 
is a. most imperfect and unsatisfactory method, and (Kh's not give 
,,irai<?cliroinatic light. This most valiuible mode of illumination has 
liccn made possible by the use of what is now known as the fjifFord 

screen, from the tiaiue of its 
inventor, Mr. J. W, (dfibrd ; 
and when artificial liglit is 
used one of these .screens 
slumld lie inter])OS'pd l)etweeii 
the lamp and tjie .Milvstnge 
condenser. It i.s shown in fig. 
256, and consists of a glass 
trough, about 3 inches long by 
2 inches br(«ul and j^fythsdeep, 
filled witli a. solution of methyl 
green :ind gl veer in mixed 
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Fk;. izrifi. — Gifford screen with an adjustable 
stand. 


Flu. Gifford’s F-line mono- 

r'hvoinatic lisrlit screen. 


^vuriii. Now this .solution pUv^ses a little band ot infra red. wlmdi 
must be cut out. To do this a piece of signal green glass just fitting 
tlic trougli is placed in it, 

A piece of ordinary commercial signal green would cut out too 
iiincli light, and render the screen too opa([iie; tlierefore it is 
I'eijui site to have this signal green glass worked down to aliout half 
its rhickE('.ss, so that only the infra, red pas.sed by the methyl 
ta-CTU is ciit out, and nothing move. This screen is called an 
P-line .screen, because the F line is in tlm centre of the band passed 
'y it. The band for general microscopical ])urpo.ses may usefully 
‘‘xtend from E to G. Tlie importance of this sci'een cannot be liehl 
tan liigh by the modern microscopist. It makes semi-ajiochromatic 
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,)l)ieeti\ es equal to real apochromaties, and it sliarpen^^ the images 
vieldeil evet! by the latter, ^vhilst it increases resolving power in all 
^ ‘ — lenses, and a lueli or- 

ates the stinin often 
felt hy workers who 
have not before used 
it. 

The cell contain- 
ing the solution autl 
worked glass innv 
either have its upjieV 
end sealed hermeti 
cally wdth jiaraihn, or 
be simply earpfiill\- 
corked ; the latter 
plan, if the cork is 
carefully made, ad- 
mits of the easy 
opening of the reli 
and renewal of tl^e 
fluid, A diagraiii- 
matic illustration nf 
the effect of the iisy 
of the screen is given 
ill tig. 267 , which 
re[)i'CSonts the l)and 
of colour passed 
through the F linr 
scTecn. The green 
is represented l)y the 
horizontal lines, ami 
the 1)1 lie, in wliirli 
the F line is situated, 
l)y the diagonal lines. 

The cell itself is 
jirejiared l)V the Ley- 
l)olds prtx/ess, and is 
fused at the joints 
and never leaks ; a 
still simpler and less 
expensive means of 
making such a filter 
has been devised by 
Dr, A. iSfeitlie. pro- 
fessor of spectral 
analysis at Deilin. 
Tlie filter con.si.sts of 
a trough containing 

of an inch in thickness of saturated solution of acetate <>f eo[i])ev 
filtvred; a lariatiou in the thickness of the troughs or tanks is 
desirable, but the results are excellent. 
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Equally perfect, inonochroniatio illumiimtion can be obtained by 
prismatic dispersion. 

A method of approximating to monochromatic illumination has 
hceii devised by Mr. Nelson which answer-s admirably with an 
ordinary ^-inch wick paiuffin lamp. Briefly, the rays proceeding 
fVoni the radiant are passed through a slit, a.s in ‘fig. 268, and 
dispersed by a prism of glass, and by means of a second slit any 
portion we wish may be selected from the spectrum to be used foV 
tliG purpose required. 

First an image of the edge of the flame is focussed iqx)n the slit 
])y means of a buirs-eyc consisting of three lenses ; next the .slit is 
iiLiced ill the principal focus of a lens known as a Wray 5 x 4 R R 

f " ' 

working at (this lens is not sliown in the cut). In the parallel 


team from this lens and close to it is placed an equilateral prism of 
(lease flint set at minimum deviation. Clo.se to the prism is placed 

f 

iiaother Wrav 5 X 4 R R, working at . If acaidlioard screen he 

o-O 

held at the principjil focus of this lens, there will be seen a spectrum 
hrilliantly illuminated. A slit j\yth inch in diameter is cut in the 
rai'tlboard screen, through which the required colour is allowed to 
jiass to the mirror of the inicroscoj>e, tliem^e to the sub-stage con- 
denser. For visual work blue green is the best, but tor photo- 
ijraphic work blue would be chosen unless ortliochromatic work 
recjuired a colour lower down the spectrum. 

Sorby-Browning Micro-spectroscope. ‘—Wlien tlie solar ray is 
(iecomposml into a coloured spectrum by a prism of sufficient disper- 
sive power, to which the light is admitted by a narrow slit, a 
multitude of dark lines make their appearance. The existence of 
these was originally noticed by Wollaston ; but as Fraunhofer first 
subjected them to a thorough investigr^tion and mapped tliem out. 
they are known as Fraviihofer Jhies. The gi'eatcr the dispersion 
«i\en by the mnltijditmtion of prisms in tlie spectr<)sca)[)e, the more 
(if tliese lines are seen ; and they hear considerable magnification. 
They result from the interruption or absorption of certain rays in 
the solar atmosphere, acc(.)rding to tlie law, first stated by Angstrom, 
that ri-ays which a substjince nli.soi-lis are precisely tliose which it 
eriiits wlien made self-luminous.' Kirchhoff showed that while the 
incandescent vapours of .sodium, potassium, lithium, kv. give a 
qteefrum with characteristic hnyht lines, the same vapours intercept 
pavtions of the spectrum so a.s to give dark lines at the points wliere 
the bright ones appeared, alisorbing their own special colour, but 
(dlowing rays of other colours to pass thro\igh . Again . wlien ordi aary 
liglit is made to pass through coloured Ixidies (solid, liquid, or 
gaseous), or is reflected from their surfaces so to affect the eye 
\^’ith the sensjition of colour, its spectrum is commonly found to 
exhibit absorption humh, which difter from tlie Fraunhofer lines not 
''uly in their greater breadth, but in being more or less or 


' For "<inc‘ral infomiation on the spectro^ccipomulitsusestho student is roformi to 
1 rofcssdv Roscot!’sLfrl‘;/m '5 011 SprcfrinuAnaJjisis, or the translutioii of Dr. Schelleirs 
^prcffitin A?ialijsis, aini Hotv to use the Spedroscope, by Mr. John Bvowuiiig. 
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i'louily, so th;it they cannot be resolveil into distinct lines by nwf^rii- 
tication, wiiile too much dispevsion tbins tliein out to indistinctiit‘s,v 
Xo^^•, it is by the chacactev of these bands, and by their position in 
the spcctnun, that the colours of different substances can be mostnc- 
curateiyand scientifically compared, im\ny colours ^v]lose impression, s 
oil the eye are so similar that they cannot be distinguished bei}i;,r 
i-eaddy disci'inuualed by their spectra. The purpose of the niicr,Ii 
spectroscope ’ is to apply the spectroscopic test to very miiuue 
(juantities of colonrcd substances; and it fundamentally consists of 
an ordinary' eye - pi (which can be fitted into any microscope) iiith 
certain special modifications. As originaily devised by 
aiul worked out by Mr. ih'uwiiiiig, the micro-spectroscope is cini- 
sti'ucted as follows (ijg. 209): Al)ove its eye-glass, which is acliro- 
niatic, and made capable of focal adjustment by the milled head Jt 
thecG is placed a tube, A, containing a series of five prisms, two of 
dint glass (fig. 270, F F) interposed between three of crouu 
((J C C) in such a manner that the emergent rays, r r, which have 
been separated liy di.spersion, leave tiie prisms in much the same 
direction as the immergont i-av 
entered it, Below the eye-glas^ 
in the place of the ordinary stop’ 
is a diaphragm witli a narrow slit 
which limits the admission of li^fiit 
(fig. 209); this can he adjusted^in 
vertical position liythe milled heail 
IT, whilst the breadth of the slit is 


Fig. ilioro-spccU'OsicopG. 270. 




regulated by C, The foregoing, with an objective of suitable p:nver. 
would he idl tlmt is needed for the examination of the spectra of 
objects placed on the shige of the microscope, whetlier opatpie or 
transparent, solid or lirjiiid, provided that tliey transmit a. .stdlicieiit 
amount of light. But as it is ot great iin})ortanco to make exact 
coiuparisoiLS of snch artificial spectra, alike with tlie ordinary or 
natural s]>ectrum and witli each other, provision i.s made for the 
tormation of a second spectrum hv the insertion of a right-am;-]e.l 
pnsiu that covers one lialf of this slit, and reflects upwards the liglit 
tiaiisinitAed through an apertio'e seiai on tlie ifght side of the eve- 
piece. ^ For the production uf the ordinarv spectrum, it is onlv 
I'erpusite to reflect liglit into tin's ajterture from the small mirror. 1. 
earned at the .vide; whilst for the proilnetion of the spectrum of any 
su tstaiice through whicli tin; light reflected from this mii-ror can he 
transmitted, it is only nece.s.varv to place the slide carrying the 
section or crystalline film, or the tube containing the sohitiom in 


llYilrla hi ^ fAilDgC, C<»riipliCrttk 

p imnnoiiious witli nnalogv to niil tl: 


should arise; bat we tliiiili it 
iiistnunent tlie spirfto nucrtj- 
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tlio fi’fline, D D, adapted to I’ceeive it. In eitlier case this seeoml 
spcctnim is seen by the eye of tlie o})ser\’er alongside of that pro- 
duced by the object viewed through the body of the microscope, so 
tluit, the two can be exactly compared. 

The exact position of the absorption band.s is as important as 

of the Fraunhofer lines ; and some of the most conspicuous of 
the latter afford fixed points of reference, provided the same s})ectro- 
SL-o)>e be employed. The amount of dispersion determines whether- 
tlic' Fraunhofer lines and absorptitm bands are seen nearer or 
fjii'ther aprirt, their actual positions in the field of \'iew varying 
jiocovding to the dispersion, while tlieir relative positions arc in 
cDiistant proportion. The best 
spectra of absorption bands is 
Hrowiring’s bi‘ight-line inicro- 
moter, sliown in fig. *271. At R 
is .small mirror by which light 
tVdia the lamp employe<l can be 
L-elie(-ted through E T) to the 
leas C, which, by means of a 
perforated .stop, fin-ms a bright 
painted image on the surface of 
the upper pn'isiii, whence it is 
reflected to the eye of tlie oh- 
server. The rohdion of a wheel 
worked by the milled head, 
earries this bright pjoint over the 
sjiectrum, and the exact amount 
of motion may he read off' to 
,J,„„th inch on the graduated 
circle of the wheel. To use this 
M|(paratiis, the FraiiiilKifer lines 
must be viewed by sending bright 
(lavlight througli the specti'o- 
scu})e. and tlu^ positions of the 
pi'incipal lines carefully measiii'ed. 
the reading on the niici-oineter- 
wliccl being noted down. A 
spectrum map may then be draw n 
on cardboard, on a scale of equal 
[ifirts. and the lines marhed on it, as shown in the upper half of 
fig 272, The lower half of the .same figure shows an absorption 
spedrnm, with its bands at certain distaiices from the Fraunliofer 
liues. The cardboar<l spLXdrum majt, when once drawn, should be 
kept for reference.* 

A beginner with the mk‘ro-s]ieL-ti-osct)])e should first hold it up to 
the sky on a clear day, witliotit the intervention of the microscope. 

' Jlr. Swift has devised an improved iiiici'o-speclioseope, in wlsieli tlie mirro- 
'uetric apparatus is eoinbiiied with the onlinaiy speotroseopiv eye-piece, and two 
pit'i-'tra cun be brought into the Held at once. Other iiiiprovciueuts devised hy 
l^r. Sorlty and a new foi-jii devised by F. H, Ward liavc been carried into 
‘-M-cutiiiu by Mr. Hilger, (See Jotirn'. of Jiotj. Mirrosr. Soc. val, i, 187s, p. :j'2i,5, 

vol, ii. isTVI; p. 81 .) 


conti-ivance for measuring tlic 
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•ind note the etieots of opening i\m\ closing the slit hy roUiting the 

scresv. C (ha- *2(^0 ; is 

re^luced to a norvow opening. Tlie screw H diminishes the Icngtli 
of the slit, ami causes tlie spectrum to be seen as a broad or a narrow 
i'ibbon. Yhc screw E (or in some iiatterns two small sliding knobs) 



Flo. '11 ± — Upper half, map uf solar spcctnini, showing Fraunhofer lines. Lower 
half, absorption speetrum, showing position of bands in relation tro lines. 


regulates the quantity of light admitted through the scjuare aperture 
.seen between the points of the springs, Dl). AYater tinged with 
port wine, madder, and blood ai'e good fluids with which to com- 
mence this study of ahsorptioii Viands.^ As each colour varies iu 
refrangihility, the focus must 1)0 adjusted by the screw B, fig. 261). 

according to the part of the 
S])ectrrim tliat is examined. 
AVhen it is desii'ed to sec the 
spectrum of an exceedinglv 
minute oliject, oi' of a small 
jiortion only of a larger one. 
the prisms are to l)e re- 
moved bv withdrawing the 
t ube containing them ; the 
slit should then be opened 
wide, and the object, or part 
of it, brought into the centre 
(d the field ; the vertical ami 
horizontal slits can then hr 
])artly shut so n.s to enclose 
it; and if the prisms are 
tlu'U replaced and a suitable 
objective employed, the re 
quired .spectrum will he seen, 
unaffected by adjacent ob- 
jects. For ordinary observa- 
tions objectives of from iw)! 
Indies to |-iiK'h fucu.s w ill be found most suitable ; but for very 
minute quantities of material a higher pow'cr must be enijiloyed. 
Even a single red hlood-corpuscdc luav Vie made to show tlx* 

’ SL'i'ics of speeinirufi, in siinixU tuhrs, for the s>tu(.ly of iihsoqition-fipetlni. 
kept oil Silk by Mr. Browniiiw ; uiul the (lirficitions givon in liis How io woH e't// 
the Hicru-fipecfrvHvojte should be c.irefully ntlcnukd to. 
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( iifir.icteristic absorption binds represented (after p!-ofessor Stokes) 
in fig. 273d 

For the study of coloured liquids in lest- tubes or small cells, the 
l.iiiocular 8])ectnim microscope, desciibed by Di‘. Sorby in the ‘ Pro- 
ceedings of the Koyal Society,’ Xo. 92, 1867, p. 33, is extrenielv 
cjiivenient. 

The spectral ocular by Zeiss is another and a very perfect form of 
It e micro-spectroscope. Tins is an opinion expressed by Dr. Sorb v 
;aid other experts, and it is manifest in the character of the in- 
strument. Pig. 274 i‘epre.sents a sectional view of the instrument. 
It will be seen that the lower part is an ordinaiy eye-piece with its 
two lenses, but in place of the ordinary diaphragm there is a slit 
adjustable in length and breadth, .shown in fig. 27b. Py studying 
this figure the method of adjii.stnient with two screws, F and H, 
;(iul the projecting lever, wliich (‘airies a reflecting prism, can be 



FHi.271, Fig. 27 1. 


readily understood. The upper part of the instrument swings 
,d)out\he pivot, K, so that by opening the slit the eye-piece can lie 
used for focus.^ing an object, the slit being the dia}>hragm. The 
tipper portion contains the prisms, and also a scale in the tube, X. 
^\llich is illuminated ly the mirror, 0. Tlie image of the scale i.s 
reflected from the \i[)per surtace of the last piism to the eye. anti 
when properly adju.sted gives the wave-1 engtli of the light in any 
l-art of the sjiectrum. Tliere is also a supplementary stage, iu>t 
diown in the figure, upon which a spwamen can be placed, and its 
light thrown up through the .4it by reflection from the pri.sm ou the 
lever shown in fig. 274, alongside of tlie light from the object on the 
^tage of the microscope, tiuis enabling the spectra from tlie two 
‘'(uirces to Vie directly compared. 

' For ihrther information on ‘ The Spectrum Method of Detecting Blood, see an 
ittiiiniTant paper by Dr. Sorby io l^Jonthhj M'Lcrmv. Jonni. vol. vi. 1871, p. iC 
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The Method of using the Micro-spectroscope.— The objects to l>c 
investi'':ite(l are of two sorts, liquid and solid. Oulouring substance^,, 
as eldoittpliyll tlie t-olouriug aiattev of hair, blood, At., will frc- 
(inontlv coiiie uiuUo' iiiirro-spectroscujuc investigation in the form of 
a M>lnTi(Hi. In general need scarcely' siy anything coucerniug 
the iireparalion of the solution. In reference to the chlorojdwll of 
Uie |)Jiiineroirains especially, the particular part of the jdant from 
which the prejiaraticm is to he made, as, tor instance, the foliage 
leaves, is put foi' a short time in hoi lij^g water, then ipuckly dried 
bv means of bibulous i)aper, and then iiniuer.sed for a Iiniger time in 
absolute alcobol, ether, or l>enzole in a dark place, for the purjiosr 
of extracting the chlorophyll colonring matter. The concentration 
*d' the solution thus produced, n hich influences the iiiten.sity of the 
ahsorption s])ectnuii and the uuniher arid length of the absorption 
hands, dejjends naturally upon the time duriiLg which the material is 
in the extract ing luedinm, as well as on the quantity of the material. 

Commonly also a solution of less concentration will give the same 
intensity of s})ectruiu if a suiliciently thick layer of it be used. The 
solution can generally he examined in an orrl inary test-tube. The 
test-tul)e is filled and earcdully corked, and then laid on the stage of 
the microscope or held before the opening of the comparison prism, 
as the ease may he. P'or the latter [)urposo (bringing liquids hefwe 
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t.lie opciiiug of the comparison prism) a small {)pen trough of glass, 
with two partillel gla.ss plates, is very useful . For exact invest iga 
tions. however, the trough-flask i.s preferable. It is a flask whose 
two sides, hack and front, are parallel, fnrnislied wilh a carefully 
fitted ground-gla.ss stopper. It .should be tilled quite full of the 
solution and then laid with its broad side on the stage. Tt is 
especially indi.''[)ensahlc when we wish to study the comhination 
s[»ectrum of two solutions. Tn that case t wo flasks are tilled each 
witli a difl'erctii, solution, ami bolli laid iipoji the .stage, one upon 
the other. For the purpose of examining small quantities t)f 
;niy liquid, a siitflcient depth being olrtaiiied with very little 
iiiateriah veitical glass tubes attached to liorizontal plates aia- iiseil. 
as propose<l by flMr. Korlw and shown in iig. 276 , Idie narrow tubes 
are made of various lengths from sections of barometer tubing, in 
order I0 pre.sent different thieknessos of the contained fluid, ihc 
broad tube being higher on one si<le than the other, and thus con- 
stituting a weilge-shn[icd cell, wliii'li. when filled and closed hy ;t 
thin cover-glass, will jireseni a vai'viiig thickness of fluid for .study 
and c<nnparisou. Tf the object to be iuve.stigated is not a solution, 
but a prepara l ion of the kind which we commonly employ in uiicvo- 
scoiac impiiries, we immt lir.st of all bring it into the focus of tlic 
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the prisms, open the slit somewliat, and use the appai-atus as a 
simple ocular. If one has to deal with a small object which does 
\iot entirely fill the slit, but allows rays of liglit to come in past 
it and disturb the s|)eetruui, he should turn the comparison prism 
so as to shut u]^ some of the slit, without, however, letting in the 
light upon it, and then bring the object up near to it, sind from the 
other side push up the shortening apparatus as close as is necessary. 
()ii the otlier hand, should the objecd, consist of a number of single 
minute grains, which would cause to be rlinwn across the spectinim, 
in the direction of its length, perpendicular to the Fraunhofer lines, 
a like number of dark lines, 

011c must adjust the micro- 
scope so that the object will 
be a little out of focus, some- 
what above or below the true 
focus. In this way we shall 
get a uniform spectrum. The 
spectrum can also be improved 
ill some other cases by like- 
wise throwing tlie ol)jH(‘t 
.somewhat out of focus. 

Illumination by Reflec- 
tion, — Objects of almost every 
de.scriptioii will re([iiii'e at 
times to be examined and 
studied by what is called re- 
flected light; the light in 
this case is thrown down ii[)oii 
the object liy various {levi(‘es, 
airl is reflected upwards 
throiigli tlie olijective. Tliis 
has lieeu called ‘ oiiaipie illii- 
iiiinatimi,’ which, however, 
is not a comprehensive, nor 
even an accurate designation. 

Only a small proportion of 
the ohjects exaniineil in tliis 
way are o]ia(|ue ; tlie same 
diatom, for example, may 
often with advantage be ex- Fm. 277 .-Tlio Euglish fonu of bull's-eyi*. 
ainiiied ivith transmitted 

liglit, being transparent, and again by means of an ilhiminatioii 
thrown upon, and reflected u]) from, its surface ; also a condenser 
with a central stop, wlieii used for a dark ground, shows olijeids by 
reliccted light. Init it is manifestly not ‘ oparpie illumination. The 
tlesignation of this uietluid of illumination is oon.sequently more 
accommodating than accurate. 

There are two ^•erv sinpile means of obtaining this superlicml 
ilhuniuatioa when low [xiwers are employed. The first is tlie 
■hulh.s-eye’ (which is nowlicro in tliis work called a ‘condenser: 
this would, as it often has done, lead to confusion; it is enough to 
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aesi‘ni!\te it ;is \ve htive ilone). It a plano-convex lens^ of nhwi 
focus, two or three inches in diaiiteter, mounted upon a separate 
stand' in sudi a manner as to permit of its being jilaml in a great 
\^:iriotv of positions. The mounting shown in fig, 277 is the usual 
adopted in England; tlie frame \Yhich carries the lens i.s borrit' 
at the hottom upon a swivel joint, wliicli allows it to he turned ih 
any a/iinutli : whilst it jnay he inclined at any angle to the horizon, 
bvthe i‘evohition of the horizontal tube to which it is attaclied. 
around tlie otlier horizontal tube which projects from tlie stem, Uv 
the sliding of one of these tubes within the other, again, the laa-i- 
zontai arm nriy 1)6 lengthened or shoitened; the lens may he 
secured in any position (as its weight is apt to drag it down when 



Fii.;, '27 7 a. 

it is inclined; iinles.s the tubes he made to work, the <->ne into ttie 
otlier. move stiffly than is convenient) by means of a tightening 
collar milled at its edges ; and finally tlie horizontal arm is 
attached t^) a .spi-ing socket which slides up ami down upon a vertical 
stem. 

A good form of the hnlls-eye is made by Leitz, and is illustnited 
fig. 277.1. All tlie required movements are provided for, but iu a 
ffifferent ivay ; the idainping screws are bv means of n.sual milled 
heads. 

The jilane side of the ImU’s-eye .diould be turned towards the 
object. 8oiiie iiiicro.scoiiists like to have their bull’s-eye attached to 
s(»ine [lavt of the inicioscojie ; hut if tliis i.s done, care must ho taken 
to attacli it to a. lixed part of tlie iiiieroscoiie, and not to either the 
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;iieelirtnic-i)l stMge or to the body, as is so often done. If it is fixed 
\,s tl)e mechanical stage, when the object is moved the light will 
ir<iuire to be readjusted, to say nothing of the probable injury to 
ilic stiige by the weight of the bull's-eye. If It i.s fixed to the 
Imdy the light will be displaced wdien the focus of the objective is 
altered. Hence the bull’s-eye should either have a w'eighted separate 
-taiid, or be atfiadied to the stand or holder of the lamp nr other 
ijiuminant. 

The optical effect of such a bull’s-eye differs according to the 
side of it turned towai'ds the light and the condition of the rays 
wliicli fall upon it. The position of hast sphei iail aberration is when 
its coM'ex side is turned parallel or tow ards the least divery imj 

in vs ; consequently, when used by da 3 dight, its plane side should be 
tiu'iied tow^ards the object, and the same position should be given to it 
vvlien it is used for procuring converging ra\'s from a lamp, this being 
jilneed four or five times farther off‘ on one side than the object is on 
the other. But it may also he einjdoyed for the purpose of reducing 
till* diverging rays of the lamp to parallelism, for u.se either with the 
|inraboloid, or with the parabolic speculum to be presently described ; 
nml the plane side is then to be turned towards the lamp, which must 
lie placed at such a distance from the bull’s-eye that the rays which 
linve passed through the latter shall form an inverted image of 
llie lam]) flame on the wall or a distant screen. For viewing minute 
olijccts under high powers, a smaller lens may he used to obtain a 
fuithev concentration of the rays already bi'ouglit into convergence 
1)v tire biiirs-eye. An ingenious and effective mode of using the 
lniirs-eve for the illumination of very minute objects under higher- 
|io\vcr ol jectivesh.asbeen devised by Mr. James Smith. The inicro- 
>(.-npe being in position for observation, the lamp should be placed 
('it her in the front or at the side (as most convenient), so that its 
tlame. turned edgeways to tlie stage, should be at a somewhat hirer 
kccL and at a distance of about three inches. The hull’s-eye should 
lie placed between the stage and the lamp, with its plane surface 
uppermost, and with its convex surface a little above the stage. 
The light entering its convex surface near the mai'gin turned towards 
tlie lam]) falls on its ])lane sinface at an angle so oblique as to be 
:ilmost totally reflected towards the opposite margin of the convex 
'Ill-face, hv whii-h it is condensed on to the ohject on the stag^e, on 
which it should cast a sharp and brilliant wedge of light. The ad- 
justment is best made l)y first placing a slij) of wliito card on the 
stage, and, when this is well illuminated, substituting the object 
slitle for it, making the final adjustment while the object is being 
viewed under the mici'oscope. Xn difiicult^' is experienced in 
getting good results ^\■ith powers of from *200 to 300 diameters, Imt 
higher jtowers require careful maiiijailation and yield but doubtful 
I'Csnlts. 

Tlu-* second simple method of soc\iring this illumination is to have 
the (‘oncave inirr'’)!' of the mi(‘ros(‘ope ciqiable of being used above 
die stage.^ so tliat the source of liglit may by its means be focussed 
un the object, Xeither of these plans will answer for other than low 
' See Joiini, Jivij. iVa-. vol, iii. issU, p. SOS. 
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powers, wliero there is plenty of room for the light to pass between 
the ol'.jWtive ami tlie object. The iiigeuicms use of tlie bull’s-eye 
emnlftved bv ^Lr. James Smith, as detailed above, increases the possi- 
l>ilitv\)f iiiagiiilicatiou, but it needs practice and care. With the 
great improvement which has been effected in objectives and con- 
densers tile nee<l of a Imirs-eye Avhicdi .should give the minimum of 
aherrafiou has l)econie a desiileratum ; and 31r. Nelson has calculated 
and had constructed a do\d)let hull's-eye which gives admira})]^ 
results. There are descril>ed in most treatises on optics doublets 
devised bv Herschel which are said to be of '^110 aberration.’ Mr. 
Kelson has shown (• Jnurii. Q, M. S.,’ voh vi. ser. ii. p, 197, 189G) 
that thev are by no means free from spherical aberration, and that 
their fonns are such as will not even yield a. iiiiniumm amount of 
such aberration ; also that there is a numerical error in the focal 
length of tlie high-[)ower do\ddet. He has computed that the spheri- 



he gives the following tijrniula hii' a combination, the S])heric:d 

abenntionof ^^h!rllis —-207^, ; or 30 per cent. le.ss than in either of 
r 

those proposed by 8ii‘ John Herschel. * 

Boro-silicate gla.ss, Jena eataloguo Ko. 5 ; p=l'5] . 


/‘7'=(i4'0. 


1st lens crossed, 
2nd len.s meniscus, 


Distance herwee]i the lenses ‘Do, e<|ui valent focus 2'0. working 
distance or V»ack focus Do5, total aberration —•10.35, clear a])ertnre 
2‘0, angle (>2”. I'he scc'oud (lauss point of the combination is I'lose 
to the posterior siirface of the crossed lens. 

As there are some iiiici'oscopists who might retpiire a comhiiia- 
tiou of this kind, l)ut with a different focal length, and who arc 
unaVile to tnnispo.vo the formula, the following rule mav be of use. 
Halve all the radii and diameters and muki]dy the results by the focal 
length that is required, Ile(|uii'pd a doublet on this 

formula with .‘If, inches ol' equivalent focus. Halving the data fui' 
the crossed lens in the given formula, we have ?'= + l‘179r). 
s= — 7’539, di.-imeter 1'05; multiplying these results bv 3], we 
obtain e=:4' 1' 1 28, .s-= — 20'380. diameter 3'7. Treat the meni.scus 
in the .same wav; the lens distance inav wiili advantage be kept 
•05. 

The tollowiiig bulfs-eye is not .so expensive to manufacture, and 
may on that ac<-ount l)e preferred to the doublet of minimum aber- 
ration just descrilted. Its form, tliough of iniuiinum aberratitm for 
two plano-eonvex len.ses, jwssesses 43 per cent, more aberration tlian 
the former. H will on this account not be possible to ol>tain such 
an even an<l unbroken disc of light with this form of bull's-eye a^ 
with the other. The data are as follows. 
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Glass, tx^ro- silicate, the same as before. 

Tiadii r=:A.2-72K. ^ 

<liameter 2'1 ; 

8 =co ) ' 

/= + l'63| 

, diameter r9. 

8 —oo } 

Distance of lenses apart 05, expiivaleiit focus 2-0, working di.s- 
tance 1'50, angle 60°. 

It i.s illustrated in a mounted form in fig. 278. (Joinbinations 
having different foci may be constructed in the same manner as in 
the example above. 

An illuminator not so well known, or at least so much u.sed, as 
its merits justified, is Powell and Lealand’s small Imirs-eye of | inch 
focus, which slides into an adapter fixed into the sub-stage, and 
susceptible of its rac,k motion up and down. The object is placed 
on a super-stage, and lies considerably above; but parallel with, the 
ordinary stage. The bidl'a-eye, capable thus f)f 
being raised or lowered, and of being moved bv 
sliding away from or close to the mounted object, 
has its plane si<le placed against the edge^ and at 
right angles to the plane of the slip. 13y this 
means illumination of gi'eat oblicpiity can be 
obtained, and very surprising effects secured even 
with high powers. It was much used by the Editor 
;ind Dr. Drysdale in their earlier work on the 
saprophytic organisms, anrl, in the days before 
liomogeneous lenses, helped us over many diffi- 
culties of detail. It was the first illuminator to 
actually resolve the Aviphipleura pellucida. It 
could be very easily obtained witli a student’s Fk.-, 278.— Buirs cyi- 
uii{T(>.scope pi'ovided with Nelson’s open sbige,^ for of good but not the 
on this the buU's-eyc could be placed against the 
edge of the slip without any specaal apparatus or Hon. 
fitting. 

Another and popular method of ‘ op<a(pic ilhunination ’ is by 
means of a specialised form of mirror, generally of polished silver, 
tailed a side redector, aiul fixed, a.s in the case of the })uirs-eve, ami 
for the sjune reasons, to an immovable i^art of the microscope. 

The inanner of employing tliis refiectnr, as provided with Powell 
and Lealand’s best stoml, is seen in Plate III. The arm of the 
side reflector is fixed to an immovable part of the stand, and is thus 
nimflected by the racking up or down of tlie body. The lamp placed 
on the right of the observei* is set at such a licight that its beams 
fall full upon the reflector ; tliis. liy means of a ball-aiahsocket 
joint, can be easily manipulated until the full image of the flame is 
caused to fall upon the olject. For the same purpose a pamholk 
siievidum is conmionly employed, mounted either on the objective, 
as in Bcck’.s form, fig, 279, or on an adajitcr, as in Crouclfs, shown 
in fig. 280, whei'B a collar is inter]>osed between the lower eml 
llie l)ody of the microscope and the oljective seen a( A. Thk is vot 

^ Fig. 134. 
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a conim-ejidahk pk/}, hv it increases the distance between the ob- 
jective and the Wenham ihnoeular prism ; and as the binocular is 
spwially sniteil for the kind of object usually extiinined with this 
speculum, tliis increased distance, acting detriinenbilly on the he 
haviour of the binocular prisms, and causing the available rackin<^ 
distance for t.he focus of objectives of vei-y low power to be shortened 
by the width of such collar, is to he avoided. 

The Ijcst plan without doul)t is to attach the speculum to a fixed 



l)urt of the stand, as is done in the Powell and Lealaml, the Ross 
and the Beck stands, 

A imdifimthm of th parabolic reflector aaifi devised h>/ J)r. Sorbip 
and has proved to he very useful in certain investigations, , such as 
the microscopic structure of metals. It consists ^of a parabolic 
reflector, in the eenti'e of which, in a semi-c\'lindrical tube open in 
front, is placed a small plane reflector whu-h covers half of the 
objective, and tlirnws tlie liglit directly <lowu n])on the ol))ect and 
back thrmigh the otlmr imlf. It is 
shown in fig, ‘J 81 with the cvlimler in 
[dace, and in the slotted lines witli tlie 
same turned out. This arrangement 
allows of two kinds of illuininatioiL 
oblique and direct. l.)ei ug readily usbI. 
as the i)la[ie reflector is atfacheii to an 
arm so that it can l)e swung out of the 
way wlion m.t verpured. as shown in the figure. 

Dr. Sority was able to get results in the exaininatioji of prdi.^lied 
sections of steel not otherwise attaiual)Ie. 

. illumination, however, has yet surpassed the veneraldr 

Lieberkulin ; the Ix'st experts freelv admit tliat the finest critical 
nuage.s to he ohtaiucl ty tliis metliod of illnminafiuii are secured 
>y the L.el.erkiilm, T'his mode of illumiiaUiug opaque objects is 
p means of a small concave speculum reflecting <iirectlv douii ujaai 
them to a focus the light reflected up to it fi'om the mirror; it wa^ 



■- 2vSl. — Sorby's luodificiitioti of 
the parabolic reflec toi'. 
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tbniierly miuth in use, but is now comparatively seldoin employed. 
I'his concave speculum, termed a ‘ Liebevkiihn,' from the celebrated 
iiiicTOScopist who invented it, is made to lit upon the end of the 
(ihjective, having a, perforation in its centre for tlie passage of the 
rays from the object to the lens; and in order that it may i-eoeivc 
its light from a mirror beneath (fig. 282, A), the object must be so 
mounted as only to stop out the central portion of the rays that are 
l edected upwards. The curvature of the speculum is so adapted to 
the focus of the objective that, when the latter is duly adjusted, the 
rays reflected up to it from tlie minni* shall be inaxle to converge 
.-trongly upon the part of the object that is in focus; a separate 
speculum is consequently required for every objective. 

It has tim r>mnifest drav^hacks : the first one, that of requinwj a 
!ipparate Lieherkilhn for each objective, is a difficulty which in the 
iiidure of things cannot be overcome. The radius of the Licberkiihn 


A B 



Fig. ‘2S2. 


imat alter with the fcKois of the olijective employed, and each shuubl 
liuve a certain ainoiiiit of play on the olijeetive to allow for .slight 
ulrerations of focus ; for if we employ ptirallei rays it is obvio\i.s that 
tlie Liebcrkiihn will focus nearer to the object than if divergent 
fiiys are used. This is met lyv an allowance lieing made to com- 
peiisatc it on the tube which slides the foieberkiilin on to the nose 
iif tbe objective. 

Th^, second dvao-hach has reference to the spec’ud cn// in irhich 
fjeds hai'e to he ■mounted in order to besuitalde for the Lieberkiilin. 
Tlii.-c coidd he easily avoided if professional and other mounters 
lumld attend to the following sinqile suggestions : — 

1. Slides should never lie covered with pafier ; it is without use, 
atid tails as an ornament ; and opaque glass slips should he entirely 
;i voided. 

2, The ring of cement should not he made of greater width than 
i> iinTSsarv for .'Security. 
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:u A stop of psper or varnisli should never he placed helnnd an 
•ihjeet. 

Let every ojiaque mount be also a transparent one, since it is 
often most useful to examine an Oiiaqiie (jbjeet afterwards by trans- 
mitted light. The stop should always be a separate one; this unw 
he a disc on a pin liehl in the sub-stage, or, what is still simjder -i 
piece of moderately thick 'cover'' glass, cut to the 3x1 inch size, 
(a- rather shorter, shouM have a siiiull disc of Brunswicjc black pm 
on i1 ceutrally oi\ tlm ' tuiai-table,’ ^ and this may be placed nndei- 
the slide when the Liel)erkii]in is to he used. There may be two or 
three such slips witli stops of difteront sizes ; in this way every 
moiuit may he examined either with the Lieberkiihn or by diceetlv 
transmitted light, aud of course by having a larger stop the same 
object may be examined by any kind of reflected light. Many a 
valuable piaqiaration lias been spoiled by placing a stop on it which 
cannot he reuioveil. 

4. It would be a most appreciable benefit to the cause of miciv)- 
s(*opy, as we have already hinted, if a uniform gauge of thickness of 
slip and diameter of cover-glass were adopted. For the thickness 
of the slip, the J„th of an inch would prove most suitable, ami for 
the (liametev of the ('ovcr-glass | of an inch would he most con- 
veuient, and if the thickness of the cover-glass were uniformly from 
•006 to -008 the gain wouhl he still greater. Certainly no inouut 
ought to be flnislicd without the thickness of the cover-glass heino- 
marked in diamotul point upon it, and a narrow ring of shellac 
(•(•meut shouhl he put round every cover-glass where there is even a 
prohahilitv that a homogeneous lens Avill he admi.ssible in examinin'- 
the object uionntcil. 

Very minute cover-glasses— such as those i\ths of an incli in 
diameter— arc to he wholly coinleinned. They do not allow the 
conditions recpiired by modern miorosenpy, being advei'se to ihi' 
employment of oil-iiumcrsion lenses in anything like the most 
ctHcient way. 

Lieherkiilms can he used with olijectives as higli as ^ of an incli 
focus of -77 A'.A. For higher powers than this a perfectly Hat 
speculum may replace the conical form, being illuminated Miy a 
eondeii.ser with a stoji, and racked up well within its focus. The 
oblique annular ring of light falls on tlie ilat speculum, and is tlieii 
reflected on the object. 

liic liglit suitable tor ilinuiinatiou liy Lieberkiihn may he cither 
tiic flat of the lamp flame, reflected by tVie [ilane mirror, ov tlie edge 
of the flame, tlie rays lieing rendered parallel by a huirs-eye, and 
reflected from the ]dane mirror to the Lieherkuhn. 

lliere is oiie other kind of reflected illumination cm- 
j.loyed, Jiroiluced by the vertical illuminator, which, although it 
has hoeu in use for some years, has received an acces-sion of value 
from the employment of iimner.sion lenses. The earliest device for 
accoiiqilisbing tliis was invented bv Professor II. L Smith of 
Leiieva. U.S.A. 

The principle of tliis illuminator is to enijilny the olijective a.- 
' ChapUn- vii. 
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its own illnminator ; which Professor (Smith did by mesins of a 
,^pecii)nin. A pencil of light was admitted from a lateral aperture 
ihove the objective and then reflected downwards upon the object 
diroiigh the lenses by means of a , small silvered speculum placed on 
(lue side of its axis. 

[Messrs, R. and J. Beck, in place of a speculum, employ 
;! disc of cover-glass. The (‘over-glass is mounted on a pin, B, 
tig. 284, in order that it may be rotated, and obii(piB liglit obtained 
h\ the milled head,/. A, fig. 284. 

Powell ainl Lealand’s metliod is to fix a piece of gla.ss, irorked 
tlut, at an angle of 4o'^ to the optic axis, with a rotating diapliragrn 
ill front of the aperture admitting the liglit. 




B 



Fio. 284, 


To these instniniPHts the edge of the lamp ilame should be 
{ibu-ed in front of the reflector, so that the rays may l>e reflected on 
lo the back lens of the ol jectire in a line parallel to the optic axis. 
The distance from the lamp to the I'eflector must exactly equal the 
tlistance from the reflector to the diaphragm of the eye-piece in a 
ll(l^iTive eye-piece, or the eye-lens .of a negative eye-piece, otherwise 
the rays will not be focussed on the object, 

This illumination is only suitjible for objects mounted tlry on tlie 
covt'i-. ami with immersion lenses, Xo good result was ever obtained 
until the immersion lenses weri* brought into use, liut it is now 
bigcly used in the examination of metals. The microscope adapted 
To its employonent is shown in fig. 207. 

Of all the light which is caused to [lass out of the front lens of 
file objective, through the oil and into the cover-glass, tliat w hich 
lias an obliquity less than tlie critical angle for gla.ss (41®) passes 
tlii'ougli the cover and objecf.i and is lost ; but- all the light which is 
<it If imte t' ohlujmty than the critical angle for glass is totally reflected 
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from tfm wnkt' wr/uce of the comfihss, and comfs baok through 
the oil and the ohjertive to the eye*piece and the eye ; they are, in 
fact, all optical Iv coutiuuous, so that the upper surface of the cover- 
trIass has ceased’ to exist optically, the only reflexion being from its 
mucr surface. Tt is here, therefore, that the oil-ininiersion .system 
<rives a new value to this illinninator. by this means ouabliug it to 
utilise a, larger apeiture otheruise unavailing. 

When this iliuuiinatiou is employed, if the eye-piece he removed 
and tiie i lack of the objective be examined, it will be seen that a!) 
that ]K)rtion of the back of the olijective whose aperture exceeds ]•<) 
is i)nliiautly illuminated. This a unulusrepre.sents, and is produced by, 
the cxw^s of aperture beyond the equivalent air angle of 180", of 
which it is also a measure. The internal dark si)ace is of the exact 
diameter of that of a dry objective of the same focus, and is the 
maximum space which it can itself utilise on n dry object by trans- 
mitted light. 

By incniisof this instrument carefully used, some difficult te.sl.s 
and lined objects have been resolved ; but it.s principal use (it the 
prestu^t day is for tl\e oxamiuatiou of metals, and it is oiuinently 
serviceal)le in determining whether any diu'-momited object is iii 
optical contact with the cover-glass or not. If it be not so it is in. 
visihlc with the vertical illnminator. 80 also it i.s instnuAive to 
examine the backs of object I a cs of v.arious apertures with this mode 
of illnmiiiatiou. A dry objective u ill lie ^\boUy without the bright 
anindus, ^shile an immersion of M \.A . will have a narrow annuhis.. 
and that of 1*4 or To a broad and still broader one. In this wav. 
by practice, a fair approximation to t he a|ierture. of an objective may 
be obt.ained. 

It is not tlie (tbsohde .size of tlte animlus, l)ut the relation of the 
■size of the annulus to that of tlie whole liacT, that must he estimated. 
Thus Atli of X.A, T2 will have as hroad an annulus a.s jbtlt of 
T4 A.A., imt (he diiuueter of the hack of the ^th is, of course, Jinicli 
larger than that of the djth, and this involves the neces.sity for a 
relative comparison. 

Appliances for the Practical Study of Living and other Objects 
with the Microscope. — I^taijeforoepfs mid Vice . — For lu'inging Ttiidcr 
the objec't-glass in difterent positions such small opaque objects as 
can be conveniently Imld in a pair of firceps, the dat/e-forceps (fig. 
285) supplied witli most microscopies [)ro\ ide a ready meairs. These 
are mounteil by means of a joint njion a jiiiv which fits iiito a hole 
either in tlm corner of the stage itself or in the object- platibnu ; the 
object is inserted by ju'ossing tlie pin that projects fj-om one of tlie 
blades, hereby it i.s separated from the other ; and the blades close 
again iiy their own cl.asticiiy, so as to retain the object when the 
pressure is withdrawn. By sliding the wire stem wiiiidi bears the 
forcq.is through its socket, and hv moving that socket vertically 
u])on its joint, and the joint horizontally upon tlie pin, the ohjeef 
may he brought into the fiehl jirecisely in the position required; 
ami it may be tui'iied round and roumb so that all sides of it 
may he examined, liy simply giving a twi.stiiig movement to the 
wire stem. The other extremity of the stem often bciirs a .simdl 
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l.rjiss box filial with cork, ami perforated witli ludes in its side. 
>eeu in tig. 28b ] tlibs affords a secure hold to common pins, to the 
beads of which .small objects can he attached by gum, or to whicli 
,tisc.s of cAi-d, etc., may be attached, whereon objects are mounted 
thr being viewed with the Litdierkiihn. This metlind of mountin- 
;yas formerly much in vogue, hut has been les.s employed of late., 
since tlie Lieberkiihii has unfort umately fnlleii into comparative 
disuse. The forceps in fig. 287 are also often of great practical value 
;,ud are adjusted for holding liy a screw. That whicli i.s known as’ 
the for the 

purpose of hohling small 
liard bodies, sucli as 
minerals, apt to be jerkeil 
(lut by the angular motion 
(if the l)lade.s of the for- 
ceps, or very delicate 

subslances that will not Stat^e-foreepH. 

hear rough compression, 
is very useful, and is seen 
ill fig, 288. The stage- 
vice fits into a plate, as 

is the (‘ase -with Beck’s ^tage-forcfc])>;. 

disc-holder, fig, 289, or 
it. may simply drop into 
ji stage fitting, as in the 
ligurc. 

For the examination 
of objects which cannot 
lie conveniently hehl in 
the stage-forceps, hut 
which can be temporarily 
or permanently attached 
to discs, no means i.s 
comparahle to tJie (Usc- 
hohkr of ilr. B. Beck 
(iig. 289) in regard to 
the facility it affords for 
pi'eseuting them in everv 
variety of position. The 
"I'joct being attached bv 
gum (liaving a small 
‘luaiitity of glycerine 
mixed with it) or by 
Hd size to tlie surthco of a .^mall blackened metallic disc, this is 
fitted 1 IV a shoit stem projecting from its under surface into a 
(\ indrical liolder ; and the holder carrying tlie disc can be made to 
I'otate around a vertical axis by tuniiiig the milled hea<l on the 
'■ijrht, which acts on it by means of a small chain that works through 
yc horizontal tubular stem ; whihst it can be made to incline to one 
e or to the other, until its plane becomes vertical, bv tin ning 
9m whole movement on tlie horizontal axis of its cyliiulrica'l 



Fu4. :2s7, 

Tiller-pronged forceps, screw adjiislnu-iit. 



Fio, ■28S).— Beck’s disc-holder. 
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socket^ The supporting plate being perforated by a large aperture, 
t he object may be illuininatcd by the Lieberkiihn if desired. The discs 
are insertecrinto the holder, or are removed from it, by a pair of 
force] ts constructed for the purpose ; and they may be safely put 
awav by inserting their stems into a plate ])erforated with liolcs. 
Several siuh ])lates. with intervening g\iarda to prevent them from 
coiniin-^ into too close ai^position. may be packed into a small box. 
To the Yaliic of this little piece of a]:)]>aratua the Author can bear 
the strongest testimony from liis own experience, having found his 
studv of tlie Foranunifera greatly ficilitated by it. 

Glass Stage*plate. — Every microscope should he furnished willi 
i\ piece of plate glass, about 3^ in, by 2 in., to one margin of wbicli a 
naiTow strip of glass is cemeiited, so as to form a ledge. This is 
.fxtremcly useful, both for laying object.s upon {the ledge proveniing 
them- -together witli their covers, if used — from sliding dowji when 
the microseope is inclined), and fbr ])reseiu iug tlie stage from injnrv 
l:>y the sjiillingof sea-water or other saline or corrosive liquids when 
,sueh are in use. Such a plate not only sei'ves for tlie examination 
of tvans])arcnt, Imt also of opaque objects ; for if tlie condensing 
lens is so adjusted as to tbi'ow a side light iqioii an object laid upon 
it, eitbev the diaphragm plate or a slip of Idaek paper will afford a 
dai'k background ; whilst objects mounted on the small black <liscs 
.suitable to tlie Lieberkiibn may conveniently rest on it, instead oi’ 
being held in the stage- forceps. 

Grcwing* Slides and Stages, — A number of contrivances have been 
devised of late years for the purpose of watching the life histories of 
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minute mpiatic organisms, and of ‘ cultivating ’ such as develop and 
iimhiply tliemselves in particular fluids. One of the simplest and 
most effective, that of Mr. Eotterill, represented in fig. 290. consists 
of a slip of ebonite, three inches by one, with a central aperture of 
three- fourths of an inch at it.s under side ; this aperture is reduced 
by a projecting shoulder, whereon is cemented a disc of tliin glass, 
which thus forms the bottom of a cell hollowed in the thickness of 
the ebonite slide, On e;ud; side of tbi.s central cell a small lateral ceil 
communicating with it, and about a fourth of an inch in diameter, is 
drilled out to the same depth ; this sen'es for the reception of a s\q.i}'ly 

‘ A small pair of forceps adaptetl to take up minute objects may be fitted into 
the cylindrical holder in place of a disc. 
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<if water or other fluid, which is imparted, as required, to tlie cential 
• growing’ cell, wliich is completed by placing a thin glass cover o^•el‘ 
llie objects introduced into it, with the interposition of a ring of thin 
paper, or (if a greater thickness be retpiired) of a ring of cardboard 
Ml' vulcanite. Jf the fluid be introduced into one of the lateral cells, 
and lie diawn off from the others — either by tlie use, from time td 
n'liie, of a small glass syringe, to be hereafter described, or by 
1 breads so arranged as to produce a continuous drip into one and 
ji'otn the other — ^a constantly renewetl supply is furiiisJied to the 
('eutral (“ell, which it enters on one side and leaves on the otlicr, 
liv capillary attraction. ’ 

Dr. Leiciiis and Dr. Maddo.r s yrov:in4j slides shown in figs. 291 
and 292, Two semicircles of asphalte varnish ai’e bnishefl on the 
slide, one being rather larger than the other, so that the ends of one 
balf-eircle may over- 
lap the other, but not 
so closely as not to 
permit the entrance 
aixlexit ofair, Wlien 
nearly dry a minute 
(juaiitity of growing 
tluul is placed in tlie 
(eiitre, upon which 
a few spores arc 
sown, a co^er-glass 
lieing placed over it, wliich adheres to the semi-dried ^-arnisli. The 
slide should be pkutcnl under a bell-glass, kept damp by bciutr lined 
with moist blotting-paper. 

Dr. Mwddo.rs <jronnmj slide will l>e understood from the annexed 
sketch, fig. 292. The shaded prts are pieces of tinfoil fastened with 
diellacghie to a glass slide. The 
minute fungi or spores to be 
jivown are placed on a glass cover 
large enough to cover the tinfoil, 
with a droplet of the fluid re- 
quired. Tins, after examination 
to see that no extraneous matter 
is introduced, is placed over tlie 
tinfoil, and the edges fastened 
with wax softened with oil, k*a\'- 
ing free the spaces, X X, for 
entrance of air, (Growing slides of this desiaiptioii could be made 
elieaply with thin glass instead of tinfoil. 

DaUinyer and Dnjsdnk's Moist SUaje for Donlinaons Ohserva- 
tioas. — It is neeilful in working out the life histories of minute 
fovin.s to be able to keep the organisms in a normal and un- 
'listurbe<l condition for sometimes weeks at a. time ; ouly a small 
drop of fluid containing the organism caii be under obsen ation, and 
tins, without proper provision, is constantly evaporating. To 
I'rcveiit this, and still to employ very liigh powers in prolonged 
f<tudy of a given organism, is the ol >ject of this device. It consists of 



Fro. '2i)‘2.-0iladdox'3 growing stage. 
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;i plain glA.ss stage, %. 293, «, a, so fitted as to slide on in the pUee 
of the ordinary sliding stage of a Powell and Lealand or Ross shmd. 
It is thus siiseeptil)3e of the mechanieal motions common to those 
stages. Its foundation, fig. 293, «, rt, is plate glass, about the tentli 
of an inch thick, in order to give it firmness. .Hut this is too thick 
to work lluoiigh with a condenser and high powers, and therefore a 



Fig. Dallingev and Drysclale’s moist continuous; growing stage. 


circular aperture, /i, is cut t hroiigli it, aud a thin piece of good g];is.<, 
c, d, e,/, is fixed over tl\e under surliice of it with Canada balsam ; 
this may be as thin as the coiuleiiser may recpiire. At the end of 
tlie arm a, uhicli extends some distance beyond the .stuge to the 
right of tlic reader, but, when the arrangement is .set up on the 
microsc()]ie, to tlie left of the operator, a bi'ass socket with a riiiy 
attached is fixe<l with maiine "lue. It is luai'ked in the drawiusr 



Fio. ‘294. 


ij, g, (/. The object of tliis ring is to liold a gl:is.s 
vessel, fig. 294, about 1^ or 2 imhes deep. It 
simply dro}>s in, and the to[>, a, being slightly 
larger ilmn the ring. fig. 293, it is prevented 
from slipjHug tlirough. 

Let us supj:>o.se tlie stage 



to be in its po.sition on tlie 
microscope, aud the vessel, 
fig. 294, inserted in this 
manner into g, llg. 293. A 
piece of good new linen is 
now cut to the shape drawn 


Fig. 295, 


in tig. 297,11)6 part « being 


long enougl) to reach to the 
end of the glass .stage, and then at h bent over, leaving the part in 
the vessel, fig. 294, which is inserted into g, fig. 293. Its position 
is indicate*! in fig. 293 by the dotte*! lines, A, /t, /i, Am. But befoi'c 
it is laid upon the stage a circular aperture, d, fig. 297, is cut out, 
wliich must lie much larger in diameter than the covering glass 
which it is intended to use. We tlierefore employ small covers. 
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The glass with tlie flap of linen in it is now filled with water, 
an<l the linen is wetted and Avruiig so as not to di'ip, and the whole 
is very soon, by capillnry action, constantly and evenly wet. A 
drop of the Raid to be examined mnst now he placed at k, fig. 293, 
and the covering glass, mnst be laid on. It will be seen that 
there is a broad, clear .space between tlietsovering glass and the linen. 
We now want to form a chamber into which the object-glass ftm be 
inserted, and which .shall enclose a j)nrt{oii of the constantly wet 
linen, and be to a very large extent air-tight. The consequence 
will be ttuit the evaporation within the chamber will be alway.s 
^rreater in quantity from the linen, on account of its (amtinual 
l enewal, than it can be from the film of fluid. 

Indeed, the moisture in the chamber is so great under favourable 
circumstances that it rather increases than allows a diminution of 
t he film of fluid. The maunei' 
in which we effect this is 
simple. A piece of gla.ss 
tubing, about H inch in dia- 
meter, is cut to about ^ of an 
iacli in length. At one end 
of this a piece of thin .sheet 
caoutchouc is firmly stretched, 
and a small hole is made in 
its centre. Fig. 29o gives a 
drawing of it ; a is the }nece 
of glass fulling, h is the 
sLretoheil elastic film, which is 

securely tied on by means of a groove in the glass at d, and c is the 
aperture. The bottom edge, c, should be carefully grnnnd. This is 
laid in tlie position in whicli it is looked at in the drawing, on the 
linen of the stage, tlie aperture c being over the centre of the cover- 
ing glass. TJie object-glass is now racked down through the small 
hole, € (fig. 29o), and adjusted to focus. The caoutchouc sliould be 
thin enoiigli to afford no impediment to the action of the fine, 
adjustment, when it will lie .seen that it clmsps the object-glass by its 
elasticity at the aperture ; and the gentle pressure forces the under 
edge of the chamber upon tlie linen, so that little or no air is 
admitted, while if the under edge of the chamber be carefully 
ground it will .suffer the st.age. linen and all, to move under it wlieii 
the milled licads for working the mechanical stage are in action. 

A drawingof the apparatus in wo\*king order is given in perpen- 
dicular section at fig. 29(5. Tlie |:KU'ts a, a in this figure represent 
the glass stage eorrespomling to a, a, fig. 293 ; h in both figures 
stand.s for the round aperture in the thick glass ; h, in fig. 2%, cor- 
re.'^poiids to the thin glass which covers this aperture, marked c, d, 
c, / in fig. 293 ; Imt in the form of this device now used by the 
Fditor the thin glass lloor is cemented to the bottom of tlie plate 
glass, rt, a, thus nmking .a cell e(pial to the thickness of the whole 
stage. The linen is marked in dotted liiie.s in both figures : d, 
tig. 296, represents tlie covering gla.ss. i, in fig. 293 ; e, e, fig. 296, is 
the piece of gla.ss tubing shown in fig. 295; /,/, fig. 290, is the 
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stretxrlied caoutfliouc seen at h in fig. 295, with tlie object-glass <f, 
penetrating and tightly filling up the aperture c in the figure, tliiis 
forming the moist chainber, ch, ch, by enclosing parts 4, h, fig. 296 
of the linen, which from the glass vessel to the left of the sta«e is 
by capillarity always renewing its moisture ; and with 6, fig. 296. 
sunk as a cell, by tlie attachment of the thin glass floor to the unde]'- 
.side of the stage, i\s described above, this annular flap of linen over- 
hangs, but does not lie upon, the floor on whicli the drop of fluid 
with its liA-ing inhabitants is placed. This is a great secnrit^• 
against accidental flooding. 

It will be seen that the microscope must be vertical ; but there 
is no inconvenience arising from tins if it be placed on a snfllcientlv 
low support, and it will be found in practice tliat it ma.)' be wovkeil 
for a long time without any other change in tlie arrangement than 
the screwing up or do\cn of the fine adjustuient. The ditliculties in 
working are few, and can he best discovered ami overcome in 
practice. 

J)r. JJaUimjei^s Thermostatic ,Sta<je for Contmumis Obserndiom 
at High Tempem ti'res.-—'\t frequently happens that, either for the pur- 


a 



Fig. S97, 


pose of exi)eriment or the study of special organisms, the student 
needs a similar continuous stage to the above, but one in which 
varying temperatures may be obtained and kept at any point static 
at the will of tlie operator. This is voi-y satisfactorily accomplislied 
by the iollowing device : Tlie stage was made as descriiied above, 
hut it was made liollow and water-tisflit. The wdiolo sta>^e is seen 
m perspective in fig. 298. At A , rr h are two groove<l pieces of solid 
metal whicli permit the stage to slide on to the stage of an ordimirv 
micro^ope, aral partake of the meclianical movements effected hv 
P ™ f ^ ; B IS a vessel for water with a tliermometcr a 

of siiihcient delicacy for Indicating the temperature ; b i.s a luer- 
cunal regulator, carefully made, but of tlie usual ].iatterii ; c bi-ini's 
the gas trom the main ; d conveys as iiuicli of the gas as is allowed 
to escape froi.i between the top of the mercury and the bottom 
ot the gas rlehvery tulie to the l.urner e. The 'regulation of this 
apparatus so as to obtain a static temperature, as is well known, is 
a.matterofdeUiI depending chiefly on the careful use of the mer- 
curial screw-plug _/ and the height and intensity of the burner e. 
A temperature cpiito as accurate as is needed -for the purpose 
reipiived can be obtained. . 
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The stage A is phieed in position on the instniment, and two 
openings in this hollow stage at c d (A) are connected with two 
similar openings in the water vessel, viz. <j A (B). The whole is 
carefully filled with water and raised to the required temperature 
and regulated. 

The maimer in which it accomplishes the end desired is as follows : 
On the centre of the stage (A) will be seen a small cylinder of glass ; 
this is ground at the end placed on the stage, and covered with a 
sort of drumhead of indiarubber at the upper end. By examining 
C with a lens it will be seen that a cell is con liters niik into the 
upper plate of the hollow stage at t'\ and a thin plate of glass is 
cemented on to this. At t another disc of glass is cemented water- 
tight, so that a film of warm water circulates between tlie upper ainl 



under surfaces of this glass aperture, A glass cup is placed in the 
jacketed receptacle / (A and C), and this also Is filled with water. 
A piece of linen is now laid on the stage (A, (j) with an aperture cut in 
its centre slightly less than the countersunk cell in which the glass 
ilisc c" is fixed, and a flap from it is allowed to fall over into tlie glas.< 
vessel / (A and C). Thus by capillarity the water is carried constantly 
over the entire face of the linen. But the glass <'y Under seen in A is 
made of a much larger aperture than the cell and the opening in the 
linen, and consecpiently alarge annulus of the linen is euclose<l within 
the cylinder. The drop of fiiiid to be exiimined is placed on the small 
circular glass plate, and covered with the thinnest glass, the drum- 
head cylinder is pi wed in position, the point of a high-])ower lens 
is gently forced upon the top of the indiarubber through a small 
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jipertiive, thus forcing tlie lower groiiml surfoee of the cylinder ujx)n 
the linen, find nuihing the space within the closed cylinder j)rat'ti- 
cally air-tight, but still admitting of ejipillary action in the linni 
Thus the enclosed air becomes saturated. 

liy fomplcte circulation tlie water in the vessel e (A) is but 
slightly below that within the jacket of the stage, and tlms 
vapour as well as the stage is near the SiVine thermal point. 

For the admission of illumination and for allowing the use of 
various illuminating apparatus, a large bevelled aperture c (C) is 
inade between the lower and upper plates of the stage jacket, wldih 
is found to sujiply all the aceominodation needed. 

There are many other forms of hot stage having various special 
purposes, and some of general application ; a good ai'count of these 
will he found in the ‘Journal Roy. Micro. Soc.’ voh vii. ser, ii 
p[), 2D9-J1G and iii subsequent volumes. 

The Live-box and Compressors. — Wliat is now so well known 
even to the tyro a.s the ‘ live-box ’ was originally devised by Tiilly 
and it was afterwards improved by Yarley, who, in the place of a 
level disc of gla.ss for the door, jis well as tho top of the ‘hov’ 
bevelled a piece of thick glass and burnished it into the top of the 
tube, where it formed the iloor of this ‘ animalcule cage ; ’ tlh.s 
in-evented the draining oft' of the water at the edge bv Capillari- 




Fig. 299 . 

attraction. Rut in that form a condenser cannot be used succes.sfa]lv 
with it, and tlierefore a dark ground Cannot be employed. But as h, 
is Rotifer:i and Infusoria generally that constitute the miso/i < ‘u(ri;. 
for this piece of apparatus, and as a dark gronnd gives results of 
liigh value— to say nothing of their 1 lea iity—witli "these forms.it 
lost much of its value. 

Mr, Rousselet ha.s oveivome these difticulties by a device wliicli 
is shoiMi in fig. 299. 

Ill tliis the glass plate bevelled for the floor is somewdiat reduced 
in diameter, but tlie outer ring is enlarged anfficieiitly to allow auv 
high power to focus to the very edge of this glass floor. An object 
lying amavliere over the iloor can be reached by the lYmdenser fium 
helow, au<l hy botli higli and low powers fiYun above, and when well 
ma<le it acts admiral >ly as a compressor. A drop of water so small that 
a rotifer may be unable to swim out of the field of view of a -j-iuch 
ohJecUve can lie readily arranged witlj it; and a little prartice 
enables the operator to employ it for inanv useful purposes in the 
study of ‘ pond life.' 

The compressor or compressorium is a more elalxuate device. 
.'<ouiew)jut of the same kind^ but. arranged to give the operator 
more accurate control over tlie amount of pressure to which the 
<> )ject is subjected. 31r, Rou.sselet has constructed one of very 
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i‘lUcient form ; we illustrate it in fig. 300, bat on a retUieed scale. 
Tlie bevelled gljiss in this al.so is kept small, with respect to the 
size of the cover-glass, and it acts with perfectly parallel pressure 
lietween the two ghesses, which in delicate work is of considerable 
importance. 

The cover- glass is lield on an arm wliicb screws flown on a vertical 
post against a spring ; as the screw is laised the sjiring raises the 
cover-glass, and by an ingenious spring catch it is kept central witli 
die glass-plate floor. This can nevertheless be released , and the entire 
cover can be turned aside to put on a 


fresh object, clean, and so forth. Tt is 
slin])le, light, and, being parallel, can 
he used with the highest pOAvers. 

Messrs. Beck and Go, have for 
many years made an admirable jiai'allel 



compressor, but its weight and cost Yivr. soo.-Eouss.^lef.; r-ompressor. 
were smnewhat pi'ohibitivc of its use 


generally; the firm have now overi'oine both difficulties by the intro- 
duction of a new form which is most useful and fully accomplislies 
its work. 


This compressor was designed by Mr. H. R. Davis, and is 
specially intended for the examination of living objects. It consists, 
;is .sl\own in fig. 301, of a loAver ebonite plate A, which 1ms a circular 
hole in the centre, and Avliich is recesse<l to receive a cirfudar brass 
ring B. 'rin.s I'ing rests loosely in the rece.ss. On the recessed 
portion of this plate A is carried an ohlorig^ thin glass Avhicli is 
held in position hy two screws, one of which appears at C. Two 
eiul plates D D slide on to the plate A, and hold the ring B loosely 
ill position, allowing it to be i-e\ ()lved bv means of its milled flange, 
which projects at E. Within the ring B is scrcAved a lu'ass disc F 
whicli carries the upper thin glass which is attaclieil liy tlie screws 



Fic. 301. -Buck's new compressoi’. 


GO. The screws GO and G, fitting into holes in tlie lower plate 
A and the disc F respectively, jirevent the disc from revolving. an<l 
when the ring E is turned, tlie tAvo thin glasses are moved toAvards 
away from one another. 

The slides D D and the ring B, together Avith tlie disc F, are 
removed for arrangiiig the object on the loAver cover-glass, and 
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when replaml Ijv revolving the ring at. E, any desired amount of 
compression inoy bo obtained. The object having been arran^nHl, 
either sale may Ije examined with equal koility, as the compressor 
is reversible. 

Wlieu a very small object is to be examined a small circulai' 
cover-glass shouhl be cemented with Canada balsam to the lowo' 
cover-glass, and the object is thus confined to the centre of the field. 

The zoophyte trough is a larger live-box diftereutly constructed. 
Tlie form tl ud has jiroved one of the best up to our own day was 
ititroduced by Air. .Lister iu 1834, aial is well known. It is depicteil 
ill fig. 302. Ijciiig formed of slips of glass, and has a loose hori/.ontnl 
[date of glass e({ual to the inside length of the trough, so that it 
may he moved freely within it, also a slip of glass tlrat will lie on 
tlie l)ottoiu and fill it, with llie exce]>tlo]i of the thickness of tluN 
loose [date. To use it. the slip is put upon the bottom, the loost- 
plate i.s placed in front of it with its bottom edge touching tlic 
inside of the front glass, a small ivory wedge is inserted between 
tlie front gla.ss of the trough and the upper part of the loose veilic.al 

plate, whicli it serves to pre.^s 
liackwards ; bnt this pressure 
is kept ill check by a .small 
strip of bent whalebone.' 
wiiieh is placed between the 
vortical plat,e and the liack 
glivss of the trough. l]y 
moving tlie ivory weilge ii']i 
and down, t lie amount of sjjace 
left between the upper part, 
of the vortical [date and the 
front glass- of the trongli can 
be precisely regulated, and as 
Fic. ao' 2 . their lower margins are always 

iu close apposition, it is evi- 
dent the one will incline to the other with a constant dimhuitioii 
(d the distance lietween them from abn\'e downwards. An (hject 
dropped into tins s{)ace will descend until it I’csts between tlie twn 
.snrtaces ot glas,s, and it can lie placed in a position of great conveni- 
ence for observation. 

Ey very little contrivance these troughs with their contents inav 
lie kept, when not lualer examination, iu much lai'ger afpiaria, (h- 
taiuiiig the mU ant age of aeration and coolness. 

Air. Bottevill devised a trougli which is ma<le of two plates of 
■\idcaiiite or iiietal which screw together, and between them are two 
plates of glass, ot tlie ju-o]ier size, of any desired tliickness. kept 
apart by half 11 ring ol ^‘ulcanisell 11 idi am liber, the whole being 
sciewed tightly enough together Iiy three inilleil heads to prevent 
leakage. But leakage or the fractui-e of glasses is not uncoiiinioii 
witli this otherwise convenient form. 

Ad excellent, tliougli shano\\'. trougli was made Iiv Air. V. U. 
Dunning, wliiclL we illusti-ate iu fig. 303. TTie lower plate or trough 
‘ Watcli-:ipriiig or other clwlic metal dumhl not be usetl, on ttceouni of nxidutioii. 
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proper is injide of meti], 3 inches long by l l> wide nnd about 
thick, witli an oval or oblong perforation in the centre, and the 
\iuder side is recessed, as shown in fig. 303, B, In this recess is fixed, 
ity means of Canada balsam or shellac, a piece of stout covering glass, 
lurining the l>ottoiii of the cell, the recess being sufficiently deep to 
prevent the thin glass bottom from coming into actual coubict with 
tlie stage of the microscope or wiili the table when it is not in use. 
T ^^'0 pieces are provided near the bottom edge of the cell : the cover 
(tig. 303, C) is formed of a piece of thin brass, rather shorter than 
the trough, hut about the &tme width ; it has an opening formed in 
it to correspond with that in the troiigli, and under tliis opening is 
cemented a piece of cover-glass. The cover-plate is notched at the 
two bottom corners, and at tlie two top corners are foruie<l a couple 
of projecting ears. In order to use this apparatus it must be laiil 
flat upon the table, and filled quite full of water. Tim object to he 
examined is then 

placed ill the (*ell, and a 
may be properly ar 
ranged tliei'ein ; the 
cover is then lowered 
gently down, the two 
uotches at the bottom b 
edges being first 

[ilaced against tlie 
pins; in this way the 
superfluous water wi 1 1 
he driven out, and the 
uliole apparatus may 
he wiped dry. The 
capillary attraction, 
assisteil by the n eight 
of the cover, will be 
found sufficient to 
})rcvcnt any leakage ; 
and the pins at the 
hottom prevent the cover from sliding down when the microscope is 
inclined. This zoiiphvte trough i>ossesses two important (pialitie.s : 
first, it does not leak ; second, it is int readily lirokeii wiilioiit gross 
curelessness. The shallowness may be overcome by placing an ebonite 
plate with the required aperture between the two mounted glasses. 

Infusoria, niiiuiie algic, ttc., however, can he well seen by 
I'hicing a drop of the water containing them on an onlinarv slide, 
and laving a thin piece of covering glass on the toji ; and objects 
of .somewhat greater tliickiiess can be examined l)v placing a loop 
or ring of fine cotton thread upon an oi'dinarv slide to keep the 
covering ghiss at a small distaiiee from it ; and the ol)je<*t to lie ex- 
aniiiied lieiiig placed on the slide with a drop of water, the covering 
glass is gently pres.sed down till it touclies the ring. IStillthioker 
ohjeets may he viewed in the various forms of ‘ cells' hereafter to 
he described, and ns, when the etdls are tilled with fluid, their glass 
cju’ers will adhere by capillary att motion, ju'ovided the superfluous 
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inoistui't^ that sui rounds their edges be removed by blotting paper, 
thev Avill remain in place when the microscope is inclined. An 
annvlar veil tlait may l^e used either as a ‘ live-lrox’ or as a ‘gi‘ow- 
ing slide,' lias liittdy been doviseil by Air, Weber (XJ.B.A.). It is a 
slip of plate-glass,* of the usual size and ordinary thickness, out of 
which a circular 'cell’ of J inch diameter is ground, in such a 
manner that its hottom is c/mre.c instead of concave, its shallowest 
part l)eing in the centre and the deepest round the inargin. A 
small drop of tlie tlnid to be exa]uiiied being placed upon thecentinl 
couvexitv (the highest part of which should he almost fluslnvith tlie 
general surface of the plate), and the thin glass cover being placed 
upon it, the drop Spreads itself out in a thin film,, without finding 
its wav into the <leep furrow around it ; and tlms it holds-on tin* 
(‘(oeriiig glass by capillary attraction, while the furrow serves as an 
air-chanibcr. If the cover l>e cemented down ]>y a ring of gold si/j* 
or ilaminar, so that the e\-aporation of the fluid is prevented, either 
animal or vegetable life may thus lie maintained for some davs, or. 
if tlie two should lie lialanced (as in an aquarium), fur some \\-eeks. 

Dipping Tubes. — In every operation in which small quantitii s 
of liquid, or small olijects contained in liquid, liave to be dealt with 
by the microscopi^t, he will find it a very great couvenience to 
])rovi<led \s'ith a set of tubes of the forms represented in fig. JRU. 
lait of somcwliat larger dimensions. These were formerly desig- 
nated 'fishing tubes,’ the purpose for which they were origiirdlv 
4le\ised having been the fishing out of water fleas, aquatic iuseti 
lavvje, the larger animalcules, or cither living objects distinguishable 
either by the uiiaiile<l eye or by the assistance of a magnifying glass 
from the vessels that may contain them. But they are ccjuallv 
applicable, of course, to the selection of minute ])lants; and thev 
may be turned to many other no less useful purposes, some of whicli 
will be specified liereaftei'. AMien it is desired to secure an object 
wl\ioh can be sc'en either with the eye alone or with a magnifying 
glass, one of these tubes is pas.sed down into the liquid. Its upper 
orifice liaving lieen jireviously closed by the forefinger, until its lower 
orifice is imme<liately above the object ; the finger being then re- 
moved, the liquid smlderdy rises into the tube, probably carrying 
the object up with it ; and if tins is seen to l)c the ease, by putting 
the finger again on the top of the tube, its contents remain in it 
when the tube is liftcil t)Ut, and may he depo.sited on a slip of gla.'^s. 
or on the lower ilisc of the aquatic box, or, if too copious for eitlier 
receptacle, may lie discharged into a large glass cell. In thus 
fishing in jars for any lait minute olqects, it will be generally fouml 
convenient to employ tlie open-mouthed tul)e 0 ; tliosc with smaller 
orifices. A, 11. heijig employed for 'fishing’ fin- animalcules, Ac., in 
.small Ijottles or tubes, or for selecting minute olyects from the cell 
into which the water taken up by the tube C has been dischargeil 
It will be found very convenient to have the tops of these last 
blown into small funnels, whicli shall he covero<l with thin sheet 
indiarul)])er. or topped with indiarubber nip[)les, whicli by coia- 
pression and expansion can then be regulated with the greatest 
nicety. 
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In dealing with ininiite aquatic ol)jects, and in a great variety 
of other manipulationSj a small (jlass syrhiye of the pattern re})re' 
.seiited in fig. 305, and of nhmt double the dimensions, will bo 
found extremely convenient. When 
this is firmly held between tiie fore ABC 
luul middle fingers, and the t]uiml> 
is inserted into the ring at the 
siuniiiit of tile piston-rod, such 
fdiiLplete ooiiimaud is gained over* 
the piston that its motion may be 
L'ogulated with the gi*eate.st iii(‘.ety ; 
and thu.s minute ([iiantities of fluid 
iiiay he removed or added in the 
various operations whitb have to be 
performed in the preparation and 
mounting of olrjects ; or any minute 
object may Ire selected (by the aid of 
the simple microscope, if uccess;iry) 
from amongst a number in the same 
drop, and transforreil to a se[)arate 
slip, A set of such syringes, witli 
points drawn to diftei'ciit degrees of 
iiiiene.s.s, ami Irent to <lifterent curv:«- 
tiires, will be found to be among the 
most useful “ tools ' that the work- 
ing micTOSCOjrist can have at his 
fommaud. It will also Ire fouiiil 
that if a di])))ing tube witli a glass 
liulb have an indiaruliber hollow 
liall or teat attached to the to|) of 
it. it will act, for the inajuritv of 
]nirposes, as well as a syringe. 

Forceps. A nothcr instrument 
•SO indispeiisahle to the microsco]dst 
:is to be commonly considered mi 
appendage to the micro.sco[)e is the 
forceps for taking up minute objects ; 
many forms of this have been ilevised, of which one of the mo.st con- 
venient is represented in fig. 30(1, of .scunethiiig le.<s than the actual 
size. ,-\s the force}!s, in iiiariiie researches, liavc continuallv to Ire 




I'hingerl into sea-water, it is better that they should he made- of Irrass 
or of tJevman silver tlian of steel, since the latter rusts fai^morc 
readily; and as they are not iiitenderl (like di.ssecting forceps) tir 
take a linn giusp of tlic ohjoct. hut merely to hold it. they may he 
liiade very liglit, and their spring portion slender, A,s it isessential. 
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iiowever, to tlieir utility tliat their points should meet accnmtel^- 
it is well that one of the blades should be furnished with a guide-njj,' 
passing tlii'ongli a hole in the .other, ^ 

Most microsoopists have at some time experienced the daufua- 
that is immiiient to tiieir instruments and mountings when exhihit- 
ing delicate objects with liigh power in mixed assemblies, arisiim- 

i from tlie inadvertency or want of knowled'a> 

of some visitor, wdio may do terrible mischief 
by innocently using the coarse adjnstmenT. 
Messrs. Ross made an arrangement by whidi 
tiie coarse adjustment could l)e ‘ locked ’ at a 
given point ; but an equally useful and simi)lcr 
ii^othcxl was long ago devised by Messrs, 
Powell and Lealand, ^^■ho used a deep rin<t. as 
in fig. -107. Tlu's ring has two pim 
<^nd a screw projecting inwards. When the 
screw is withdrawn, tlie rings can be slippcil 
lOe. :)07 ,-Powc1Uxik 1 Lea- milled heads of thecoav.se jaljnst- 

]>iii(Vs protoeting riii^' for mcntpiud by screwing the small screw ‘home ’ 
ce;me iidjustiueiit, the ring cannot be withdrawn ; but as they 
are_ loose upon the milled heads, the latter 
{‘aniiot l)e hvonght into n('tion ; the rings sin^ply i-evolve U]»oji the 
lieads without b]-iuging tliem into plav. 

Giber forms of the Siime appliance liave been made by tliis firm : 
and 5[es.srs. Peck have made these rings with slight modifications 
more I'ecently. Tliey are the most efficient means of counteract im^ 
tim danger incident on public exhibition of delicate objects iimlpi* 
high ] lowers. 


_ Tlie foi-egoing constitute, it is lielieved, all the most important 
liieces ofapparattts which can be considered in tlie light of accessories 
to the microscope. Those which have lieeu (‘ontiavcd to adbid 
fiicditie.s for tlie preparation and monnting of objects will bedescrihed 
in a future chapter (Chapter VI.). 
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CHAFrEK V 

OBJECTIVES, EYE-FJECES, THE APEBTOMETER 

It is manifest that everything in the form and eonstruetion tis well 
in the nature of the optical and mechanical acce.s.sories of llie 
iiiitTOSC'ope exists for, and to make moi'e efficdent, the special work 
of the objective, or image-forming lens combinal ion, which constitutes 
tlie basis of the optical properties of this instrument. 

The development of the modei'n olrjective, as we have alrt^adv 
seen, has been very gradual ; hut there are definite epochs of very 
marked and important improvement. Our aini in the .study of 
■oiyectives is practical, not antiquarian, and wc may avoid clalwrate 
researches on the .subject of noa-achroMatic lenses and refiectinn 
siWriflci, which have heen .sufficiently indicated in liie tliii'd chaftter 
of this volume, ^ye may also pass over the earlier attempts at 
achromatism ; the true histori/ of the modern: objective heifins from the 
time that its achroniaiisni had been, fnallij nrorked ont. 

The first movement of a defiriite character towards this object 
was made, it has been recently shown,* so early as 1808 to 1811 by 
Bernardino Marzoli, who wa.s Curator of the Pliysical Lahoratoi'V of 
the L}ceuin of Erescia. Mr. Ma\all discovered a reference to tins 
effort to make achromatic lenses, and, through the courtesy of the 
President of the Athen.'eiim of Brescia, discoveretl that Marzoli 
was an amateur optician, that Ije had taken deep interest in the 
application of aoliromatism to the microscope, and that a paper of his 
on the subject had been publislied in the ‘ Comiueutaij ' for tlie year 
1808, and tliat he lia<l exhil)ited liis acliromatlc ohjectives at Milan 
in 1811 and olWaiiied the award of a silver medal for their merits 
under the authority of tlie Istituto Beale delle Scienze of that city. 
One of tlie.se olijectives was found to liave lieen * religiously pre- 
served.’ and was generou.sly presen te<l in 1800 by Me.ssr.s. Tranini 
Brothers to tlie Iloyal Microsc^opical Society of Lomlou. "With it 
was forwarded the ‘ Processo Ycrhale,’ or official record of the awards. 
ia)tifying Marzoli’s exliibits and the awanl of a silver medal, and 
tlie actual diploma, dnXed August llU, 1811, signed by the Italian 
Minister of the Interior. 

Marzoli’.s objective was a cemented combination, having the plane 
side of the flint presented to the object ; and if this was a part of 
tlie intended eon, struct ion. of winch there appears small nxmi for 
doubt, Marzoli preceded Chevalier in this. ;is we sliall suhsi^piently 
see. very practical improvement. 

^ Journ, Hot/, Mir. Sue. hStlO, p, 

A A 
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It has been. howeviM', cwstomary to accredit the first practicabh' 
attempts to achroiiiatise object -glasses to Sellignes. In 182.1 
lie su<rgestetl to Chevalier to superimpose two, tliree, or 
four achromatised jilano-convex Mou!)lets,' that is to say, pairs 
of lenses. The.M^ (>bjoctives ha<l their convex surfaces presented to 
the ol.>ject, wliiili gave them four times as much spherical aberration 
as would ha^ e been tlie case bsul their iiositions been reversed, i and. 
as we haveju>t seen, MarzoU reversed them. This necessitateil an 
exces.sive reihictiun of the apertures, which, nevertheless, still too 
II lanifestlv displayed an obtrusive aberration. Yet the conception 
of an achromatised I'ombinntion had been embodied in an initial 
manner, iu IH*!.") M. Clievaiier perceived the exact nature of the 
mistake mmle by -M. Selligiie.s, and made the lenses of less focal 
length and more achromatic, and inverted them, placing the plaiu' 
side of the Hint towards the object. 

It is somewhat important, as it is interesting, to note that tiie 
idea of tlie superposition of a combination of lenses did not originate 
fi'om theoretical considerations of the optical principles involved. 
It is scarcely conceivable that where there was manifest ignorance 
of the position of a plano-convex lens for least spherical aberration 
(a principle now thoimighly undeisitood) there could have been in- 
sihgt enough cither to detect the presence of the two ajdanatic foci 
01 - to discover a method of balancing them 
by inductive I'easouing, Everything in the 
history points to happy accident as the primal 
I step in achromatised olpectives, and this, wit li 

i b ]irohability, applies to the work of 

Chevalier, for SeUigues’ attempt was a blunder 
Fu- 30 s— Tull v'>, -uhro commouplacc knowledge of ln> 

niatic tr i}ile . time. 

The foi'in of three superimposed similar 
achromatic doublets is precisely the combination of the Frencli 
‘ buttons,' which have been sold in thousjuids until quile recently, 
many of tlieni l)eing mounted as English objectives. 

At the suggestion of T)r. (loilng, l\Ir. Tully, in this country, 
without any kiiowleilge of what was being <lone on the Continent, 
made an achruinatic obieiTi\e in 1 824-. This was a single condona- 
tion, iieing an aeiii'omatic uncemented triplet. It was, in fict, a 
miniature telescope object-glass, ami is illustrated in fig. .’108. Two 
lenses made on tliis princi[)le by Tully, having A) I'a 
found hi practice too thick, and iu many ways imjierfect; and lie 
was induced to niidcc another single triplet of focus and 18® aper- 
ture. and its performance was said to l.)e nearly erpinl to that of 
the 

Subsequently a .doidfiet was placed in front of a similar triplet of 
somewhat, shorter focus, forming a douldc combination objective oi‘ 
.‘18'5 aperture. Tlii.s was pronunneed to i>e a great advance n]ion all 
preceding combinations, even those which had been produced n)>nn 
the t.'oiitinent. 

A note of Lister’s at tlu.s time uyion the ohjectives of Clievaiier 
’ Chapter I, 
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is of interest. He found tliem inuc-li stopjied down, and in one 
instance he opened the stop and improved the effect. Lister says : 
‘ The Freneli optician knows notliiii^^ of the value of a]>erture, hut 
lie has shown us that fine performance is lujt confinetl to triple 
objectives ; .and in successfully coinbiniiig two achroinatics he ha.'- 
given an important liint — ]>robabIy u'ithoiit being himself !u*({uaintc<l 
with its worth— that I hope will load to tlie luapiisition of a pene- 
trating^ power gi'eater than could ever l)c reached witli ouc alone.’ 

At this time Pr()fe.ssor Amici, of Modena, om:^ of tlie leadin''- 
minds who as,<>i.sted in giving its form to the modern mievoscojie. liad 
been battled by the diffienlties presented liy tlie 
problem of achromatism, and had laid it aside 
ill favour of the refiecting micro.scope, but he 
now returned to the practical reconsideration of 
the production of an aidiromatie. len.s. A.s a 
result he appears to h.ave constructed objectii es 
of greater aperture tlian those of (!hevalier, 

He VLsited London in 1844, and brought witli 
him a horizontal microscope, tlie ohjeet-glass 
heiiig comjiosed of three doublets, which pi’o- 
daeed a most ra\ ourable imju'essioii. 

^Meantime, in this country, Mr. Lister 
brought about an iiuportaut ep(X‘li in the evo- 
lution of the achromatic object-g]aR.s by tlie dis- 
covery of the two aphmatic foci of a combination. 

It had occupied liLs mind for several years, but 
in January 1830 a very important paper was 
read to, and jmblished by, the Royal Society, 
written by him, in which he points out how the 
aherratinns of one doublet iiinv be neutral i.sed 
by a second. 

As the basi.s of a mioro.scope objective, he 
considers it einineiitly ilesirable that the flint 
lens shall be plano-concave, and that it slndl be 
joined by a permanent cement to tlie convex 
lens. 

For an achromatic object-glass .so constructed 
lie made the genei'al inference that it will have 
on one side of it two fo(*i in its axi.s, for the 
lays proceeding from which the .spherical alic]'- 
lation will he truly corrected at a moderate 
ajic-rtui’e ; that for the space lietween these two 
points its spherical aberration will be ovcr-correetcd, and beyond 
tliciii. either way. under -corrected. 

Thus, let a, A fig. 309, repi'e.sent such an objeet-gla.^s. and bo 
I'oiigldy considered as a plano-convex lens, with a curve, a r h. 
I'Uimiiig throiigli it, at which the s[>herical and cliromati(* errors 
'oe corrected which are generated at the two outer surfaces, and 
let the glass be thus free from alierratioii for rays,/, d, e, <j, issuing 

. * ‘Penetrating ’ meant ‘resolving ' power in those days ; he alludes, thevefoiv, to 
HK i'casc of aperture. 


F us aOt). — The t\vn 
aplanatio foi-i of an 
optkiil combination. 
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tVoui tbe point, /, h e being a noi'inal to the 

^urtace, anil id to tiie plane one— nnder these eircumstaticea tli,* 
iniMc of ejnei-s^^enee, (/ eh, niaeli exx-eeds that of incidence, fd;, 
probablv iilniost three times as great. 

If the radiant is now made to apprmch the ghnss, so that t1j,« 
convseof the rav,/f/e(/, i^hall be move divergent from the axis, ii> 
the iimdes of inrideuce nud emergence become move nearly ecpird 
to eacirothev. the splierieal aberration pvodneed by the two will 
found to hiear a less proportion to the opposing error of tlie sing),: 
('orrecting curve a c h ; for such a focus, therefore, the rays will be 
over-corrected. Ihit if f still apprw\ches the glass, the angle nf 
iiiciden(‘e continnes to increase with the increasing divergence of 
tlie rav till it will exceed tliat of emergence, wdiich hasin the mean 
while been diminishing, and at hmgth the spherical error produced 
1)V them will vcco\er its original proportion to the oi)posite error «>f 
the curve of correction. Wlien /lias reached tliis point/'' (at wliich 
the amde of incidence does not excee<l that of emergence so mucli as 
it liad at first come short of it), the rays again pass the glas.s fi-ee 
r?-om .splierieal ;iberration. 

If/ 1)0 carried lienee towards the glass, or outwards from its 
original place, the angle of incidence in the former ca.se, or of 
emergence in the latter, becomes disproportionatelv effective, and 
cither wav the alieii'iitioii exceeds the correctiem. 

Jlow far .Li.ster’s di.scoveries were affected by Amici's %vurk it is 
now (piite impossible to say ; tliere can be but little doubt tliat sonu' 
iiilluence. is due to it. but it is er)ually clear that a profound know- 
ledge of tlie optics of that time was the only foundation upon whicl! 
the facts iu Lister's paper could lia\e been built. He was a man of 
application and an eiitliu.siast. and it u jis inevitable that ho .slioald 
exert a powerful influence iijnm the early history of the optics of (he 
tnicroscopc. Thi.s is tlie more certain when we i-eniembei‘ how few 
wi're tlie men at fliat time who knew iu any pi'aetiwd sense what f> 
microscope' was : and we fiml that in 18dj, being unable to hud any 
optician wiio care<l to experiiiumt siifheiently, Lister taught himself 
till' art of leiis-gi'iuding. and he made an olijective whose front was 
a uieni.scus pair, u ith a triple middle combination, and the hack a 
plano-convex di tablet. He declared tlii.s to be the be.st lens of its 
iniijiediate time. .'Uid it Imd a working distance of i 1 . 

One of fhe immediate consetpiences of tlie publiciition of LLters 
paper was the rapid pi'oductiou by professionaloj iticiansofaclu omatic 
■objectives. The data supplied by Lister proved to be of the liighe.sf 
value in the actual [trotliictioii of these, and tlie progre.ss of imjawe- 
lueiit was, ill conseipieiice, and iu eomjiarisou with the time iimne- 
diutely preceding, remarkably rapid. 

A ndrei'' liogan tbeir umniifactureiii 18dl. He was followc'l 
by Hugh Powcdl in 1834, and in 1839 by J tones Smith. It is et 
more than orilinary interest to study iu detail the work of this iia- 
mediato time, and the following table giving a list of objectives, with 
their foci, ajiertnres, and mode of construction, with the dates o) 
Their production, will give a fair idea of the work of Andrew lb's> 
in the manufacture of early lenses. He wa.s the earliest of the llmv 
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Kiiglisli makers, and undoubtedly carried the ptliii l)oth here and un 
The Continent ibr the excellence of his objectives. 

1 inch 14° two doublets, 1832. Made for Mr. R. H. Solly. 

1 „ 18° single triple, 1833. 

^ „ 5o° three pairs, 1834. This belonged to Professor Quekett. 

1 ’’ C3° ) ! ^1841 ^ toimula 

I 44° „ „ „ ■]' 

i „ U842. 

j » 74° „ „ „ J 

Examples of these old lenses are extant and iii perfect preserva- 
fion, and for correction they are oompai'jilde "without detriment to 
iiiiy ordinary crown and flint glass achromatic of the .same a]ierturc 
of the present day. 

An example of the construction of the |-inch focus ol)jecli\ of 5.")°. 
consisting of three pairs of lenses arranged with their plane sitles 
to the object, the position of least aberration, is sho'wn 
ill fig. 310. The foci of these three pairs are in the 
pio[)ortion of 1 : 2 : 3. In 1837 this maker had so 
coiiipletely corrected the errors of splierieal and 
chromatic aberration that the (drcuinstaiiceof cover- 
ing an object with a plate of the thinnest glass was 
found to disturb the coi'rectioiis ; that is to say, the 
coriections were .so relatively perfect that if the ^ f"' 

cninhiiialion were adapted to an iiucoNered onject, Andrew Ros^. 
covering the object with the thinnest glass intro- 
duced refractive disturbances tliat destroyeil the high (|unlity of the 
nhjective.^ 

Lister’s paper of 1830 gave the obvious clue to a uietlmd of 
neutralising this; that is to say, ht/ leas disUaice ; and Ross ap})lied 
this eorrection by mounting the front lens of 
Mil objective in a tube which slid over another 
Tube carrying ilie two other pairs. A veiT 
}iriiiiitivc form of tliis lens correction is aflbrded 
ashy a ^-im'h olijectivo made by Andrew Ross 
in 1838. It belonged originally to Professor 
Llnd](*y, the .staamd President of tiie Royal 
Mici'o.scopical Society, and was pre-sented to the 
society by his .son, the MiX-ster of the Rolls, in 
1899. An illustration of this lens is given in 
tig. 311. Tlie tube carrying the front lens 
slidt's on an inner tube; it c.an he clamped in 
any position by the screws at the sitles ; the 
line in the small hole in the front indicates its 
position, anil is the prototype of tlie ' covered ’ 
iiiitl • uncovered’ lines of later times. 

The larger cylinder at the base is tlie lid of its liox upon winch 
if is .standing. 

l^ubsequentlv this arrangement was modified by tlie introduction 
• T7(?e Chapter I. 



Fio. 311.— Primitive 
form of lens correc- 
tion ilSSS). 
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of ii screw arvungeiiieiit, a^i in llg. 312. The front pair of leiise.s is 
fixp<l into a tube (A) which slides (jver an interior tube (B) by wlucli 
the* othor two j>airs are hedd ; and it is dra,wn up or down by means 
of a collar (C). which works in a furrow out in the inner tube, and 
uiion a screw-thread out in the outer, sO that its revolution in tha 
jtiane'to winch it is fixed by the one tube gives a vertical luovomeut 
to the other. Tn one part of the outer tube an oblong slit is made, 
as seen at 1>, into whicli i^rojects a, small tongue screwed on flu* 
inner IuIh'; at tlie sitle of the foianer two liorizontal lines are 
etu'-rawd, one pointing to the word Mim;overed,’ the <a,her to the 
w<wd ‘ covered ; ’ whilst the latter is crossed by a horizontal m.ark. 
which is brought to coincide with eilher of the two line.s by tin- 
rotation of the screw-collar, whereby the outer tube is moved uji 



nf the object glass is such as to make it suitable for viewing an 
object without au\' iuterfeu'ence tVoui thin glass ; wluai, on the othei' 
liand, the mark has been brought, by the I’evoliitiou of the screw- 
cxjllar, into coincidence with the line •covercMl,’ it indicates that the 
front lens lias heeii brought into such proximity with the other two 
as to produce an ^ undei-eorrection ' in the ol jective, fitted To 
neutralise the ‘over-correctiou produced by the inlerposition of a 
glass cover of extremest thickiu'ss. 

This method of collar correction served the purposes of micro- 
scopy for upwards of thirty yeai's, hut when more critical investiga- 
tions wore undertaken and ol)jecti\’e,s had more aperture given ti* 
them it was found tint the iiicthrHl had two great faults. 

The first was that the ‘covered’ and ‘uncovered’ marks were 
too cruile, To remedy this, the screw collar was graduated into 
fitfy divisions, a device introduced by James Smith in 184-1 so that 
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intervals; between the points ‘covered’ siiid ‘ iiiicovereir miglit ],)e 

recor<le(]. 

The second, a more serious defect, was tlie uioveiiieiit of the 
front lens while the back remaiiie<l rigid witlt tliH ])ody of tlie 
microscope, Tlie detriment of this arrangement was tliat in cor- 
recting ii wide-angled, close-working objective there was a danger of 
forcing the front lens tlirough the eover-glas.s by incans of tlie collar 
correction. 

Xow the arrangement as shown in fig. di:i I'mddcs the front 
lens to maintain 11 fixed position, while the correct inn, -d (-ullar acts 
on the po.sterior combinations only. Tliis device was introduced 
Ity ilr. F. H. W'enliam in 18a5. 

On the Continent it^ lias been the practice to graduate the cor- 
reclionul collar in terms of tlie thickness of t he cover-glas-s in deci- 
mals of a millimetre. Thirs if a cover-glass he O' 18 mni. thick, the 
correctional collar .should he set to the division inarke<l O' 18. 

In England, on the contrary, the <]ivisions are (‘utirely einjiiri- 
cal, so that the operator has to discover for himself the proper 
adjn.stment. It is not to he sup{)Osed, hoicever, that, the Engli.^h 
method is unscientilic, for when an operator becomes expert be 
wmdd 'never for an instant think r)f adjusting bv any otlier indi- 
cation than tliat afforded by Ins own eye ainl ex[)ericnce. Tlh.s is a 
\ cry important point, because tlie interpretation of .si ciu'ture. to a 
great extent depends on accurate adjustment of the objective, and 
it would be folly to suppose that an eminent olvsei vcr would sur- 
render bis judgment to the predelerininat inn of tlieorv embodied in 
\\ liat must be the imperfections in even the most conscientions and 
tlioi'ough work which gives a practical form To such theory. Jn 
fact, it is the test of neenrate manipulation that, however the (‘ollar 
correction be disturbed, the microseopist will, in getting a critical 
image of the same ohject. always, by tlie (jiiallty (k the image lie 
4ili1ains, bring the correction to within tlie merest fraction of the 
s;ime position, although tlie correction collar and its divisions are 
never looked at until tlie desired image is obtained. 

The fact that the o\'er-ccrt'ectioti caused liv the cover-glass was 
discovered in England, and that means were at mict' fmiml for its 
correction, while no similar ste[>s 'were taken on tli«“ Continent, is a 
siillicieut evideiK-e of tlie advanced position of this country In practi- 
cal ofttics at that time. 

This sahject of oodfi'- ood occi'-cori'octtOH is onr- of lof'ije iropoi'- 
toitcc; and it may ho well at this point to enahle tla* tyro to clearly 
midevstaml, hy evidence, its nature, although it is has been 

fully .shosvn in Cliapter 1. Take a single lens —the licid lens of a 
Kuyglieniaii eye-piece will .serve ailmirahly — and hold it ;i couple 
af yards from a lamp tiame; the rays [Kissing ihvniigh the ptrl- 
l>J>‘?i'<d portion of tlie len.s will he found hv exjiei'imciit with a curd 
to 1)0 bvcinglit to a focus at a polat oa tltp n.>'is iie<i/‘pr thp leas tlma 
diti.sf' passiioj tht'oa'.jh the ccxti'c. This is irudei'-eoi'iyd / on . Cf'^elig. 2.:h 
1'- -0. The same experiment should he i*e[)eated with tlie plane 
>idc and the convex side of the lens alternately turned to the tiame. 
In the former casix when the image tif tlie llame is at its best focus, 
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it will be siiiTOiin.le.l by a conui, and eveii the portion of the flm 
whieh is in focus will lack bviglituess. But with the coimx sick (.<> 
,raMs It will l>e fouiul that in the image on t be card th- 

conn is 4eatl\' re<1uced, and tlie image of the hame brightenci. 
The\-eason foi' this is, as already stated, that the spherical aberratioi; 
i< four'times as great when the convex side of the lens is towar.l. 


^^*^The\iradicc of these simple tests will be most instructive tn 
those unfamiliar with the optical principles on which an objective !> 
constructed They make plain that an over-corrected lens h o,.,- 
v'hlch hritiifs its j^eriphered rays to a Icnajer focus than its central^ vi<u- 
lio- 'H p. 20. But a cover-glass produces over-correction, therefuiv 
The means^ emploN ed to neutralise the error is by the imder-cnr 
rection of the objective. M\ however,^ the objective employ,-.! 
viiould be unprovidetl with such means of correction, the eyc-picev 
must be brought nearer the objective, which will efleet tlie sjum- 


Still confining our consideration to the jear 183/, we find thul a 
further imiirovemcnt was made by Lister, who employed a trip],- 
front eondiination. This consisted of two ci'own plano^-on vexes wil li 
a flint piano -con('a\e between them. The result of this was th,- 
increa.se of the aperture of an inch-focus objective to 22°. 

An illustration of the mode of constriuflion of tlie.sc lcn.se> is 
(^iven in fig. 3U, which is drawn from an early ^-inch objective by 
Andrew Boss, having bavonet-(>at(b correedion adjustment. In 1842 
a l-incli of 44°. a -}-inch of (i3°, and a finch of 74° were ma,l,- 
upon the same lines. The method for computing these fronts is 
given by iMr.Xelsou in the 'Journ. 14. M. S..' 1898, p, IbO et seq. 

^ In 1841 the Royid MirTO.scopical Society ordcredpi microscope 
from each of the before-mentioned leading opticians. The objectives 
supplied with the.se are still extant, representing with moral certainty 
the very best work of the several makers ; they are consequently 
v;d liable as reliable .speibiieiis of the be.st work ot the period. 

The objectives sup[)lied by James Smith have the peciiliaritx ol 
being separating lenses, 

The lowest [luwer is about l|-iiicli locus. When thi^ i.-^ um.-,. 
alone a diaphragm is slul over the front to limit the aperture, but 
we are unable to sa}- \\ hat that limit was. since the diaphragm lr»s 
been lost. Bv pilaciiig another front where the diaphragm would 
have been, the new cfauhinatioii beiamies an focus, while 

vet another front may l>e .suhstit iifed. making the objective a fiiieli 
focus. This latter front coii.^'i.-'ts of two pairs, and it is jimviiled 
with a graduate<l screw-collar adjustment which separates thcM* 
pairs, but the arrangement is of a \ ei’y pirimitive order. 

Thi.s object-glass will divide the podura mai'ks in a milk_\ fich 
with a full cone, and the held is much curved, 

There is also a se])aratiiig 1 |-inch and fimdi which is goo. 
while the J,i-inch ami the j-inch may he considered fair. 

Tlie leii.ses siip}flied by Andrew Ross are a good 2-inch am ■> 


^ Uiulei'-rorrection is also known as ' ubeiTation ; ’ 

1 1 eg ati Y (.* i! ber r a t ion . ’ 


overr-on'o.-lioi; 
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f;rii‘ l-inclij blit we liiive seen a better than tliis of alxuit tlie same- 
period. 

Hugh Powell .supplied a l-iiieb of good quality, and a 5 ^-. 
' -inch fairly good. The .apertures of the ^ and the i',;-iiu-h are of 
(imrse very low. 

On the whole it may be .said that tlie correct! on.s are well 
halanced in the lower len.se.s, and the apertures moderate ; but wlien 
wo come to the higher powers it i.s the deficiency of aj)erture that 
lit'coincs so oppressively apparent, in 1844 Amici made a 1-incli 
o])|ective of 112*^ and brought it to England. It was undmtoorl 
that extra dense flint wa.s eiiqiloyed in tlie construction of this 
uhjective; but tliis is peri.shable; and Mr. Ross altered slightly tin* 
t-urvos of Aiuici’s construction, ami with ordinary flint succeeded 
ill o-xtencting the aperture of a ^-inch objective to 80 ®, or -flB X.A., 
and a jV inch objective to 185°, or '98 X. A . Of this latter it was 
aflii'inecrtliat it was ‘ the large.st angular pencil that could be passed 
through a microscope objeet-glas.s.’ 

lu 1850 object-glasse.s were made with a triple hack co'tahhtation ; 
tliese were .attributed to Lister; but it is also aflirmed that tliey 



Fic. 314. — All eurfv 
liy A. Eoss, 





Fi(i. Sl.A— A triple- 
back combina- 
tion by Ta.ster (or 
Amici ?), 






Fra. sn;.— A sin^le- 
froitt combination 
by 'Wenliam. 


wei-e the previous device of Amici. It may well be a ilisputed point, 
1 '"!' it is (piite certain tlmt this device brought the iliy aelironiatic 
('hjective potentially to its liighest perfection. The eombiimtioii is 
illustrated in fig. .815, ami under tlic conditions of it.s eoirstruction it 
iji.iy he well doubted if anytliing will ever surpa.ss the re.sults 
'■'I'tained by Engli,sh opticians in achromatic objectives camstructed 
«'itli this triple IVunt, double middle, and triple back combination.s, 
aii:u‘t from the use of the new kimls of Jena ghi.ss, For lhe method 
'i'coiiiputiiig the triple back, vkU ‘ Journ. R. Al, 8 .; 1 898. p, 1 (iO ctseq. 
It may be noticed that Tully's olijective bad 11 triple Itack. but it w.as 
not tlie result of intended construction ; it was a fnitunate combina- 
tion the real value of whicli was neitiier understood nora])preeiatctl, 
:!ii(l a.s ;t consetpienee its existence was evunesoent. 

In this same year Weiiliam [iroduced another inorlificatiou of the 
i‘dii'oiiiatie objective of considerable value, but more to the mauu- 
tac'tuii'r than the user of the mieroscoiie. It coiisi.sted of a siiajlc 
Jiytd : the combination is seen in fig. 310, which, it will be seen, is a 
diiqlei' construction, l)iit this did not aflect in the least the price of 
die ohjectives produced. Snliseauently, however, the form wa-s 
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;i(lo}>tc(I on the Continent for low-nvieod objective.^, which hi\ 1 ,, 
ce<lnctioji of the cost of ihiglisii objectives of the stiine con-stoictidii 

Atiniifestly, the single front lessened tlie risk of technical ervdr. 
init we have ]icver been able yet to find a single front objecti\e df 
the old achromatic diy construction which has shown !niysu}ievioi iiv 
over a sijnilar one possessing a triple trout. 

The single front employed with two combinations at the back 
Ava.s tlie fnnn in which the celebrated watf/i'-hnmemon ohjeriti\.~i 
of Powell and Lealaiid were made. Jt was by one of these tl'iat tl,,* 
.sti'ia' on AntpJtiphiu’a jxdlHclda were first resolved, fndeed. w]i;n j^- 
known ns the irater-lm)iiej'sioiL st/dem of objectices, devised bv 
Profe.ssor Amici, vas the next advance upon the old form ; it .slmuld 
lunvever, 1)e reinemhered tliat as early a.s 181i^ achromatic Avati^v 
immcr.sion lenses had been suggested by Sir 1). Brewster, Imt it uas 
an advance fl\e optical jn-inciples of which were (“ertaiiily not at 1 lie 
time understood. 

(11 Paris, PraKinowski and Hai'tnnck brought those ohjectives to 
great perfection, and were enabled to take the premier |)];*ce ;uAai?i<i 
all competitors at the Exhibition of 1867. The next year, Iiowevcv. 
Powell and Lealaiid ailo[>ted the system, and in turn they ilLtancol 
the Paris opticians and ]n-oduced some of the finest ohjective.s cvci- 
made. Their ‘ Xew' Formula ' water-iinincrsions were made- after 
t!ie hue model of Tulles referred to below, and had a duplex fi'oni, 
a double middle, and a triple back. In 1877, wlien the water' 
immersion system tonclied its lughest [)oint, apertures as freat ;o 
l’“Jd Avere reachtal ; mid in Amei-ica, Spencer, Tolies, ainl Wales 
produccil some cxti'cmely fim.' lenses of large aperture. 

During the year 1861) Wenham experimented with and snir- 
ge.sled ’ the em[)loyment of a duplex, front] that is to sav. a IVoin 
comliination made up of two nncorrected lenses in contradistinction 
t(» an aclirmuatised pair. An illustration of the plan suggested h 
given in tig. 617. Avliich hav<lly appears to us as a piucticahle fona. 
aud wliich certainly was never l>ronglit to perfection or jnit into 
practice. 

But in the month of August. 1876. Tolies actunllv made, on 
whrdly indepeutlent lines, a duplex front formula for a 1 glvceriiie 
immersion of 1 balsam angle, which i)asse<l into the }>ossessiiin of 
tlie .Xa-iuv Aledical Aliisenm at "Wasliijigton. Tliere can l)e little 
<louht hut this nhjectiw' would haA*e ])roducpd a much dee]ier iiii- 
]>vessioii but for tlm fact that it was in advance of it.s innnciliatr 
time, 

Tolies, as Avo have hinted above, used the ihiple.N front in thr 
construction of some of his irnmei'sion objectives, and was followed 
hi this l)y the best. English inak(‘vs. and, in the case of a celebnitid 
^-iuch purchased l.>y >lr. Crisp, Tolies avjis :iVde to i-each a hahaiii 
angle of 96"^ . 

At the time that ibe watei''inunei'sion lenses were being cou- 
.strncled )iv rival o] )tiriaiis with increa.sing perfect ion, tlio great 
theory of Professor Ahhc coiicerning microscojne vision, the ingtor- 
tanec of diftraetion spectra, and the relation of apei'tnve to power 
' MfiHthh/ yficro. Jonrn. Yol, I, p, 172. 
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\vj 5 s entirely unknown. In tlio absence of tliis knowledge wholly 
iiii>t!ikeTi value was attached pou'er jm' se in the objective. 

With a focus as short as the ._iV,-iii<‘h, it was not uiiconnnon to 
find apertures less than l‘2j wliile objectives of W,-, and even 

hii^iier powers, were made with extremely reduced a[)erlures. This 
done in the interests of tlie coniiiion belief that ‘ power ’ - 
,|e\()id of its suitable concurrent aperture — could do \^■hat was so 
kfjcnly wanted. 

Thi.s impression, however, wa.s far from niiivers;dh' relieil on ; 
iliere were several earnest wnrkers who, witlmut bein,if able to 
t.x[ilain, as Abbe subsecjueiitly did, why it was so. still urged tin* 
,i|,ti(*ians, in the mamifactnve of every new |X)wer, esj)rciallv tin* 
liiiflier ones, to produce the largest possible amount of a]terturt‘; 
;iii<l (lie evidence of this is still to be found in the objeetive.s tbe\’ 
ihen succeeded in obtaining. Hut there can be no doubt that a 
veokless desire for magnifying power, all other cojisiderations apart. 
;,m‘a(ly obtained ; and the f)pticians were able to enconrage it. foj- it 
isf:ir easier to construct an objective of liigli power and low aperture 
tliiiii it is to make a low power with a large aptafure. 
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Tims a Viuch of Odio X.A. will be far more expensive, and pro- 
":i'ily not as well correeted, as of 0-7 X.A. The iT-inch objectivi', 
*'ve]i if a good one, is sure to exliildt .spherical alierration, while the 
'll law aperture will show many minute objects with con.sidm-ahle 
<’loiiiies.s. especially if a comparatively narrow illuminating cone be 
ii>eil, 

Jliis difference becomes still more couspicnous as the difference 
■’''tween a]ierture ainl powee grows I'elatively gresiter. until we obtain 
"kiiiiately an amplification more than useless from its utter inability. 
"HiimHint of deficiency of aperture, to gra.sp details.^ 

p to 1874, however, there was an eiitire absence of knowledge, 
'■ttii (111 the part of the leaders in microscopic theory, art. and 
I't'iUioe. as to file real optical principles that enabled us to see a 
■’iiiiToscopic image, and consequently to understand the es.seiitial 
’'‘ipareiiients to lie aimed at in the best form of iiii(‘i'oseo|ie. Hut in 
'X ( .\bbt‘ .s great Diffraction Theory of Microscopic Vision appeared. 
" itni lias led to changes of incomparable value in tiie jirincijiles of 
’ T7(/fr Chrvptev II. 
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construction of objectives ontl eye-pieces, and, as a consequence, I,:, ., 
to souu' cousid(‘rubIe extent given a new cJiavactev to tlie entire i*,. 
struincnt. Its promulgation has indeed inaugurated an entiuK 
new epoch in the construction and use of the microscope. 

The general character and the details of Abbe’s theory are giw'i 
ill the second chupterof this treatise; hnt its practical hearing 
the tlieoi-y and ap}>lication of the optical part of the instnimeut \\ ;,v 
soon manifest ; for in 1878 the hmnofjeneous sifutem of 
ohjedh'es.'^ x'us IntrodHced as a logical outcome of the dillVaetiuh 
thcorv of microscopic vision. A formula for a -’.-inch objective uij 
this system vvas prepared liv Abbe, to wlimn, we learn from ]jim.'-c!i'. 
it liad been sngge.stcal by Mr. J. AV. Stephenson, of the Koval 
Microscopical Society.’^ It has been already shown ^ that the Iiouid- 
geiieous sy.stem wa.s so called because it employed the oil of ecilai 
woo<l to unite the front lens of the objective to the cover-glas.s rT 
the object, in the same way as water ha<l been employed in tIk- 
oi'dinary i)nmer8io)i 8j)stehi\ hut as there was a. practical ideniiiv 
iietwcon the refractive and dispersive indices of tlie oil and these 
of the crown glass of the front lens, the rays of light [Kissed 
through what was essentially a homogeneous substnnee in their 
path across from the balsam-mounted object to the front len.s. :uid 
a homogamns gifskni of objectives took tlie place of tlie [ireviims 
water iiumei'sions. 

This wa.s the first great step in advance in optical (‘onstruction 
and a])plic:ition following the tlieoiw of Abbe. 

As often happens in matters of this kind, there had lieen an 
ap[iareut antici[)ation of tliis system of hmsosliy Amici a.s far liack 
as 1844; but it is very apparent that Amici employed the oil of 
aniseed without any clear knowledge of the principles involved in 
the liumogeneous sy.stem, being wholly unaware of cither the increase 
of a[ierturo involved or the cause of it. But this cannot lie said of 
Tolies, of Mew York. We have pointed out that, as early as IS/H. 
lie made a , ',,-inch, anil subsequent ly, in the same year, a l-inrli 
objective, each with a duplex front to work in soft balsam, and with 
a X.A, of 1“27. These objectives were examined Viy tbebde Ih. 
WoCMlward. of the Army Aledieal Department. Xew York, and with 
iliat e.KaminatioiL were allowed to drop. For Tolies as an original 
♦leviser of a practical honiogeneous system this was unfortunate; for 
tbe actual introduction of the system in a form ca]ial)le of nniversd 
application, and worked out in all its details in an entirely inde- 
pendent manner, we av(^ wholly indebted to AVdie. 

The princifih^ was not, nevertheless, so readily and warmly 
adopted in England on its first introduction as might have iiecn 
anticipated, Tliis arose partly, hou ev er, from tlie fact that water 
immersions had been brought to so high a jioint of excellence hy 
Alessr.s, Powell and T.ealaml that the early homogeneous oljcctive^ 
were not ])Osse.ssed of more aperture, and were not seiisihly 
.superior to tlie best immersions made in England, 

Tlie homogeneous ol jectives were made with duplex (Vnuts and 

’ Chapter IT, P, ->7 ; also Joimu MU-ro. Sor, Vol. \l lS7f. !'■ ‘Tm. 

" Chapter I. 
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t\vo doable backs. A general diagram of tlieir mode of construction 
j< iriven in fig. 318. 

80 long as crown glass was eniploved in tlieir manufacture, and 
tl)t> anterior front lens was alieinisjihere, it appeared that X.A. l'2o 
to 1-27 was the aperture limit they could be made to reacli, 
Aicssrs. Powell and Lealand, liowever, hn iiiakimj ilu front 

(cii'i greater than a hemisphere, increased the aperture of a /.,-inch 
oliiective to 1'43 X.A. 

This front, from being greater than a hemispiiere, pre.sented 
(lijHcidty in mounting ; this was at lir,st overcome by cementing its 
plane surface to a thin jiiece of glass, width was then fixed in tiie 
lactal. Eventually, however, this form of construction was changed 
liv these makers in a very ingenious manner; so to speak, thev 
ciuirely Inverted the combination, and accoin|:)lis]ied the end liv 
inahing iiie front of jlint. By this means they obtained apertures 
which have not as yet been eijualled by any other makers, reaching 
ill a a /.r, and a a X.A. of I'oO out of a tlieoretically possible 
ajicrture of 1*52. Pi'ofessor Ahhe has since, it is true, made an 
(ilijective with a numerical aperture of 1’63. Imt tliLs rec^uires the 
(ihjccts t.<j be mounted ami studied in a medium of corre.sponding 
irl'ractive index, and con.secpieiitly, in the ]ivesent state of our know- 
kilge of the suliject of media, not applicable to the in\ e.stigation of 
ordinary organic ,strnctiu-es — certainly not of living tilings, 

Tliese objectives fully occupied the micro.sco[)ist until 188fi,wlien 
the most important epocli since the discovery and ap])lication of 
;i(hi'omatism wa.s inaugurated. 

\^'e have already pointed out in detail ^ that it was tlie great 
defect of the ordinary (‘rown and Hint aclirom.itics tliat tjro mlonrs 
ivfj conld he comhined ami that tlie other colours caused oiit-of- 
focus images, wliich appeared as fringes round the object. This was 
wliat was known as the rcsidnarii secondnrii spectnoii, 

in like maiuiec. it has been slio\\'u that it was not possible in the 
tliut and crown achromatic to coiiihine two colours in all tlie zoiu's 
of the ol)jecti\e, so that if two given colours are combined in the in- 
Tcniiediate zone they will not be combined in the periplieral ami 
the central [lortioiis of the ohJecti\e. 

Tliese phenomena, it has been pointeil oiit,^ arise fro]u what is 
known as the irrationalitg of the specirnin. To correct this we have 
seen rliat Br.s. .Ahhe. t 5 cbott, and Zid.ss directed their attention to 
the devising of vitreous compounds which .should have their dis- 
I'ersive powers proportional to tlieir refractive indices for thev.arious 
puts of the .spectrum, (duly by tliese means could the outstaiidiiig 
wroi'v; of acliromati.sm be correcteil. 

It i.s therefore a fact that tlie old flint and crown objectives, 
wlietlKO' for the mieriiscope, the telescope, or the photogi-aphic 
eniwra. are. strictly speaking, neither achromatic nor aplanatic. 

lllus.s whose properties far more nearly appro.ximated the tlieo- 
1 ‘Kical requirement than any previously attainable having been 
laaimfactured by the Jena opticians.^ Ahhe was able to produce 
"hjertives entirely cleansed of tlie seconiarg spectrnrn. From calcu- 
'Chapter I. - Cliapter 11. 
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Ijitaoiis of a elaborate !iH(l exlinnstivc kiiul made by J)r. Alb,. 

objectives are made l>y Zeiss wliich not only combine three parts 
tlie spectriiiu iiistcail of two, as formerly, but are also a{>laii;io, 
for t\s '0 colours instead of for one. This hi^dier sta^^e of Hchroiuati 
Abbe has called apochromatiim. 

A general plan of the eoi structiou of an apochromatic nl)jccii w‘ 
as made bv Zeiss is slioe\ u in fig, 319, which, it will be nmler^tooil. j. 
diagrammatic, l)ut sufficiently illustrates the elaborate C0lTection^ i,v 
which the perfect results given by these olpeotives are accoiuplid,,.,] 
Hut, in addition to their form of construction and the special ojitii-ai 
glass of which the\' are comptosed, it is now known that thev ow,. 
much of their high (juality to the use of fluorite lenses amongst the 
('omhination. Fluorite is a mineral wdiieli has lower refraetive ami 
<lis[)ei'sivc indices tl\an any glass that 1ms yet been composed. ;im| 
rlierefore by its introduction the optician can reduce the .S|)heilc;i) 
ami chromatic aberrations greatly iielow that reached by achroniarir 
coiid>iiiatious of the known typ>e. 

It is a soniewliat depressing fact that flnoritc is very difficult \u 
procure in the clear eomlitiuii nee<lful for the optician, but from what 
we ha\e seen tlw optician can rhi in tlie manufiicture of glass, wr 
may hojte that nii c(pn\'aleut of this mineral in all optical ijualitim 
inav be tliscovered, 

The medium for mounting and immersion contact has, of course, 
to he of a corrcspondiitg refractive and dispersive index in all oh 
jectives of great aperture, and it is insisted l)y Abbe that tlie glas.suf 
wiiieii the mount is made, both slip and cover, must, when the limit of 
refraction hy crown glass is paissed by the ol^jecti^ e, l>e of flint ghu'-v 
This lie pri'sriits as a S(j}e qua noti in the case of the new object i^^ 
made a few years since by the house of Zeiss, and a sfiecimeii of 
which ha,s been generously given by tlie firm to the Royal Micro- 
scopical 8ocietv. This glass has a luimerieal aperture of hli:]; in 
a sub.secjueiit chaiitcr on the [iresent state of our knowledge as to 
the ultimate stviu'ture of diatoms we are enabled to pi-eseiit tlie 
results of some of the [ihoto-iiiicrographs prudueeil by its ]lleall^. 
Rut it may be uotod that very much n ill depend upon the X.A. nf 
the illumliiatiug eoiie which can he employed with it. — not theoreti- 
(■ally, but [U'aeth'ally, and it is lor [ii'actical jmrposes of no value to 
the student of minute life, because tlie Inghly refractive and dis- 
persive medium needed to make the ohject mounted ]iomogeneon> i^ 
destructive of life, and eviai of organic tissues, Siudi value as it 
may have is therefore confined entirely to the examination of 
silicioiis and caher iudestructihle organic or inorganic ]>rodiU'ts. 

Before leaving this jiart of our snliject we note with [ileasiuv 
tliat Air. Xelsoii has computed a trijdcx front of minimum aherro' 
tiou suitalfle for an oil immersion eoudenser, AVe illustrate it 
in fig. 320. Tlie data for I his are as follows, viz. : — 

(.) is tlie object ami V its virtual image ; tlio liyperhemisplierical 
front is aplanatic for these two jioints. The scale of the drawing 
arranged so that the distance of the veilex A of the front lens t<’ 
the ohject 0 is one inch, fl'lie three lenses are made of borodliciiti- 
glass, Xo, 0 in the Jeua catalogue, grshol ; and as the recijirocal nt 
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fli{‘ dispersive power is 64‘0, the ehroniiitie aherration of the triplet 
i.s very small Moreover the glass is hard and perfectly safe to use. 
Kadii : curve A = + ‘(102 

B= CO 

C= + :l4:U 
1')= + 1-280 
E=-l.r078 
F= + 2-850 

Diameters : lens FK=2--l-5 
DC=2-1 

I Hstance between surfaces; ED = -0a 
CA = -08 



Fie. Nelson' » new iininoision front for a 

Tlii(;kness AI>=:'088. 

^^^)l•king ilistance UO=’8i7. 

Diameter (tf the plane surface B of front leiis= 1-102. AO=l-(l 

AV=1-51, 

Till* angle ?=()2l and <^ = 85 17'; the iinnierical apeifurt* of 

tilt- c(tmbination is therefore 1-88 X.A. 

The front lens A13 is aplanatic ; the spherical ahei ration of the 

H(--\t U\(t DC. FE only aiiiouiits tt» — -2M 'Fhe hark correetine: 

t 
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lens, «-lnc-li miglit V,e triplet, will require to have +'2|.l 

, f Ihevic il aberration to roinler the whole combination nplanatic. 

(‘-In the whole, and for the purposes of practical and prolon);i ,1 
hiolooical investigation, it is to the dry apochromatics that wem,- 
nsb indebted, and from their use ive shall derive the largest benrir. 

“as no subject is reallv of more importance than a clear nn.lcr 
t ^ liiu' of the tUffevpnee of action of chromatic, achroiwitic, imti 
M,;o!^.vomntic lense.s, we venture to present a diagrammatic illnstr:,. 
tion wliirh. while not strictly aecnvate, will cany ^vith it no en oi-. 
•IS a’poimlar illustration of this important subject. 

' * Til Ih^ "i‘^1 1 have representations, a.s truly as they can 

l,e <hnwn 'o( equal liyht- that is to say, the periphemf 

aill t'ransniit an amount of light equal to that given either hy th,. 
i„term'e<liate zone or the central circle. Let them tlieretbrc I.- 
<';ilU‘d equllffcent zones. 





:; 21 . 


Tf ne assiixn a nmiierical value for the visual intensity n[ llii' 
whole spectrum, say 100. made iqi of the following [larts, viz.; 

Hell 

Orange -vftllow 

Yellow-green 

Blue 

then if in aiiv one of the eipiilncent zones the whole spectruni is 
Iwoughtto a' focus, wo shall liave for that zone 100 as its eflect 

value. ... ■ 1 r . • t 

But the entire ohje(‘t-glass is divide<l, as in the diagrimi, uu() 
three ecphlucent zones; con.secpicntly 300 will represent the "va at n. 
tlie whole lens, pro\ i(led the whole of the spectrum is hrouglit to iJic 
.same focus, 

Bvreterriiu: to the diagrams we see that in a non-aeiiroitia ic 
lens (fig. 321, 3) we shall gel only 40, because only one part of me 
spectrimi is lirought to the focus in its intermediate zone : aiehn 
.spherical .aberration causes the light which passes thi-ough the oOiei 
zones to beln-ought tooty.rfod, they for all practical purposes iiugl't 
be stoppeil out . ,, 

Tn fhe achromatic lens we have (lig. 321, 1) in the intermedrdr 
zone two parts of the spectrum comliined, as 40 + 30=70, and em 
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ill eiH'li of Uie oilier /oiu^s in also hroaajht to tlut saute Jocas. siu' iiO 
ia the outer zone, niid 40 in tlie irnire riivle, 'I'lie result is tlmr 
<he wlioleaclii'Oiiiiitic Jens gives If total of light, on llie principle stated 
,i!H>ve, of do + 704- 40= 140. In tliC' apocln'ornatic system, hoW' 
,ver (fig. d2.‘}, ’2), we find in the iiiterniediate zoin* three parts of the 
.pcctrum iinitetl ; tint is to say, 40 + d0-f lo=:So ; and two in eacli 
,)(■ the otliers, s;iy. 10 + d0=70, Thus an apoclironiatic ohjectixe 
will give 70 + 80 + 70=2*2a, 

Kecalling the suppositions we have iiiadi^ for the purpose of this 
iiiaphie presentation of <‘i ditlicidt sulfject, it \sill )>e seen tliat a moi- 
■icliroinatic objective would give 40. an achroinatie 140, :ind jiii 
jmtichroinatic 225 out of a possilile total of 500, 

Tliis illustration might he exceeded in severe accuracy, Inil 
..iMi-cely ill simpdicitv, and it sutiicientl}’ explains from thi.s point of 
vifov idoiio the vast gain of tlie apoclirmnatie system, 

(t is interesting to note tlufl , w liile tlie micro.sco]>e in Its ('ai-liei- 
ihi in took its powei'fnl jiosition by borrowing achroniatisiii from the 
ii+M-ope, it has now led the w;iv to the apochroiiiatised state. >viiich 
wirlioiit doidit it will lie the work of tlie ojitieiaii. in const ruc( ing 
tlii' tf'leseope of the imij)e<liare future, to follow. 

would heg the rc'ader to Iw-ar in miiul in th(“ pnrcliase of 
(ilijectives that, wliilst the vitreriiis compounds with i\hich Ahlie’s 
’it'initifiil objecti^•<*s are constructed are now accessible toall optieians. 
:iii(l whilst without thesi* Alilie's ohjed iws could moecluof^ been 
(■(iii>truct(^<h yet it Joc^s not % niiij nontiis follon' that t-eciinse an 
'/ref i re is MADE n'llh the Ahhe-Hchott glass if is tinorfore npm 
rln'Otnotie : th<' sccon/fai'i/ sp'fd/'nm mast i>e I'einocmJ, aial (he s/Jienco 
liroii’otic ahiuo'ation iurlance^i. ov it is ' apochrr)inatic' ’ onh' hy mis- 
imfuei-. It is finother feature of these r+jectivi's. whicli it is import- 
.'iiiT to note, that they are .so constructoil that the ujfper focal jaaiits 
iifall the olijectives /ie in one jihtae. Xo\c as the iowei' local [foiiits 
111 the eve-pieces are ;tlso in om* ]ilaiie. it follows (hat. w]mte^el■ eye- 
j'irce or whatever ohjective is use<t. the optical tube-lengtli will 
iviiiaiii the sime. 

Profe.ssor Ahhi' has found* that in the w'ide-aperture objectne 
■4 high power tliere is an ontstfinding error which there is no 
im aiis of removing in the olject ive alone, but. as we ha\e alre.aily 
''.Nihslued, this is left to be lifilanced by an o\ er-ciirrected eye-piece. 
A> lliis [leenliarity pertitins only to the liigher pow ers, a coi're.spoml- 
:iig ri'ror lutd to he intentionally introduced into the low er powers in 
''(■'Ire riiat tlie same over-correcti'd iwe-pieces might he availahle for 
'i''r willi fliem. 

It appears wf>rtliv of note in this veLuion tliat one ot the best 
’"(■Ills foe the combination of lliret' leust's is that known as Steiiiheil s 
''I'litula. wliich consists <+ a Vh convex leiis encased in two colu■a^■o- 
‘■■■'iivcA h'lises. It will he olt.served liy reference to the figure illustnit- 
lig the apochroinatic lens construct ion (fig. dlfi) that this is largely 
iynlc Use (if_ some instances tlu' encasing lenses possess siitiicieiit 
‘''■'‘'ity. w'itli regaril to the centi'al hi ('om'ex lens, to altogether <wcr- 
lawir it. tlie result being a bi-(‘onvex triple with a negative fi.xais. 

^ Chapter n, 
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h U .li,.tiiu-tive featmxM.f the ;t tHU. objective thje ;■ 

, ^ f ■' h ‘ t'i'Uid- tlins Zeiss’s 3 mm. {= i focus) had r. 

lias a ^ „m-ui'vecte'l lenses balaiiecrlby two tuple bar: , 

;ri'.ine‘'tois taken togetber, bnt it 1 ms since been constracteilai: • 

''“‘Tlt‘nK-rof''tb'e set of a,K,cl.mn:.tic lenses now made bv Zei- 
tcn al dirisions of wlmt may be termed a unit lens of >4 ; 

' 1 i f' ,.s as a means of avoiding the ineoinenieuces insepai-ai.i,. 
nim ti e use of the decimal system.' The unit lens ,s therefore 
w duller than I inch in power. In the senes of dry lenses ihcm 
powers of the same aperture, rims 24 mm. amlK, n,„: . 

, cemo, ding to Kngl.sh I ineltand | ineh, eaeli has an aperture at : 
a 12 ‘in. . and S mm.=EngUsh htneh and ^meh have earl, 
a}ioitui e of -d") ; wliile :i d mm. mul n 4 uim. — 4 mcli <ind ^ iiirlu 

liiiw both an ai>cvtnrecf - 9 :). i ■ 1 m 

Tlicn* arc also natcr-immeismus ; a -'o mm. — 1 ,, im-b, iili 
V V I-*’") and two oil-iiimievjsions re.^pectively d mm. and ^ mm. 
= inch and p\,- iut-du both made eitliev with l‘d m- 

’ ' Wn't fiaaii these. Intended to lie used for plmtoorapliie ,,«r|,o.scs 
without an cye-pieee, is a 70 mm. = a :S-i„eh, also a 3.> mm. or 

1 t-incli objective. i 

■ A\’it1i tlie excei-rkm of the d mm.. 4 mm., .aiul im miii. nbjectuvs. 
,.ldch Imve the ..crew -collar adjnst incut, tins senes ui^'e rigid momit,. 
cai-rection being secured l.w alteration of tlie tiibe-lengtli _ 

Tlie performance oftbe.se lenses, as they are now uia< e. is nt tlu- 
verv liio-liest order. Thev present to the most experience<l eye misnr- 
pas^ed imao-es. Tbev are correeled with a delicate 
Iirilv this svsrem, coupled with technical execution of the first order, 
call nossihic he ma<le to produce. The optical polish, the centring 
tim settiuo- and the hrasswork eertainly Inu'e never been surpassed. 

'it is'^. matter al.so xvorthv of note that Zeiss s ap(x-hromatU' 
series of objectives trm to t.helr <U><iiinulhms ‘ 

Vineb such, and imt a designated -^-inch. I his m.s 

rxiuallv true of the enrlv achromatics, a\. iloss produced a ] -inch 
underthat name. One now liefiire ns. made fifty years ago. has an 
initial iiower of 41 ; and that of .V ineh has an initial power ol J. 
Ihit modern achromatics of fme til-erture are alwavs greatlx m 
e.xce.ss of their designated power; fare nearly 2 .-'I'V 

of 40 “ has an initial iiower of 25, ami is a , ,,-incli: dc.ont 
ohjectives arc in reality finch: and 1 -iiieh ol)]crtivesot ai 
upwards have initial powers of .>0 instead of 40. which the\ s m ' 
luivc. >n tlwfc they aru in reality Iths ; some in Itict -l;iy I''' '' 
Iiiicnuiuioii— have an initial power of 6(1. timl arc aotualh ,4 
objectives. . „ . a 

This i.s exidieahle enough from the maker s point oi Me\ . ; 

far easier to put povyr into an object, -glass tka,^ apedxre. 0 

' Althou-h the foci of the lenses are eNpressoa in iiitegt^s, 
tion of tlic wiLter-immersioii 2 r> mm., there are uiconveinent 
initial magnifving po^vel■ of all the series except those of 'l o and - miii. fo 
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, ;tsiei' to make :i of 100° tliaii a | with 100°; tlio result is 

that low powers with suitably wide apertures are eustly. 

fu the Zeiss apuchroinatic series of objectives the 24: 111111 . of 'd 

N. A. and 12 mm. of ’(io X.A. may he considered as Iciises of the 

M.-rv highest order ; the relation of their aperture to their power is 
,a{'li that everything whieli a keen and trained eye is eapahh^ (if 
laking cognLsanee of /s resolred irhen th ohjpiin'e. is ifieldiuif n 
ii'iiijnijicathn eqttfd to ttrpire. Ihitps its Initial poa'er ; for tins [lurpose 
:m ohjeetive mnst have 0'2G X.A. for each liundre*! diameters of 
(■(mihirnd magniiieatiou. Undcu* these conditions an ohject is seen in 
flic mo.st perfect manner possible. In tliis connection Air. Xelson 
Ims suggested * that the tcrni ‘ ojitical index ’ should he addi-d to 
that of the numerical ajiei'ture. The optical index or t),I, is the 
riitio of the numerical aperture (x 1000) to the initial magnifying 
jiower. Thus the niiinerical aperture of the Zeiss apoclirt.matic 
14 mm. Is ‘3, and its initial power 10. Then its 0.1 . is = 30, 'I’he 

O, 1, of the 12 mill. ap(X‘hromatic of -(id X.A. is 31, Tint of 

fli(‘ t homogeneous immersion of 1'4 X.A. is ’ 17. Comjiare 

tidw these figures with an old water-immer.sion 3,, of id X-.A. y.",," 

= 2'0, Th(^ value of these iigiires will he apparent nheii we 
rriiieiiiber that any lens used with a It) power eye-jiiece must have 
.•111 O.I. of 26 to re.solve all detail vi.sihle to a keen eye, 

The 0 ]>tical index therefore tells 11 s that tlie A, ^^ater-iimm-r.sion 
<if Id X.A, had a \ast amount of empty iiiagiiilying jiower. while on 
the other hand the 24 and 12 mm. M’ill both stand a higher eye- 
piece, than 10 ; uay, oven letpiive it Itefoi'o the detail resolved by them 
is made visible to the eve. It also shows that the -^of 1 '4 X.A, will 
stand a higher eye-])ip(‘e without aiTiving at an empt y magnil'yiug 
|Kiwer than the jh of 1'4 X.A.. whose O.I. is lid). 

As it is more dillicult to put aperture into a lens than powei-. lla- 

G. i. hccoiiics also an index of the money value of a lens. Thus the 
} mentioned above that had an initial magnifying power of 61) ;tiid 
S.A. of '8 ouglit to he a cheaper lens than a true ] >\ith iin initial 
iiiagnilying power of 40 and a X.A, of d), tlieir optical indices 
lieiiig 13 and 22 resjiectively. The limit of combined ] tower for he.-'t 
itdinition with any objective of aity given apeitnre may lie found hv 
iuulTl|i]ying its X'.Adty 40t), Example: The limit of ]:owev for best 
tlefinition with a ^ of '3 X.A. is 120 diameters. The converse rule 
may lie stated thus; The ideal X.A. for any nhjeetive whose inithd 
I'ower is known ciUi lie found by multiplying its power by ‘02-3. 

H. x;uti])le: The ideal X.A.lb)' u ^ of power 20 is 20 x dj23 = '3 X.A. 

ft may l)e well for the studeut to prove ibis, which may lie 
lea (lily done. 

Take a suitable object, such as a well-pre];ut'ed pu'ohoscis of a 
^'Idw-lly, and examine it under critical illumiiiatio]i with tlie 24 mm. 
'■! A. A. (= 1-iuch) ohjK'tive, and a 12 compensating eye-piece, 
Ante witli close attention every particular of the image ; the 
I't'Nolufion of the points of the miunte hairs, the form of the edges of 
tlie cut .suctorial tiihe.s. tlie exdeiit of tlie surliice taken into the 
‘field.’ and the relation of all the parts to tlie whole, 

1 Join'll. /?. df. S. Is9;!, ji, 12. 
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Now clmiijriA tlie objective for the lb min. ’3 N.A. (= 
tlie sjiiiR* aiiertiire). Nothing more i.s to lie seen ; the moM 

3<.xiorons iiKinipiilathm (Mimot bring out a single fresh detail; t]ir. 

res<ilarion is in no sense carried farther ; the cut suctorial tubes wi‘r< 
ill liat, in <mr judgment, better seen with a lower power, while wit!: 
it all ofcour.se a sinallei- extent of the object occupie.s the ‘ tiohl.' 

It can in fact be scarcely doubted that the picture preseiiToi 
liv the rj is a distinct retrogression in every sense eoiti pa red wit i; 
that presented by the 1-incli when Viotli are e<pially well mad,* 
aial has'e equal apertvives. viz^ *3, But beyond all thi.s, ii'Iuden ,■ 
nuiij fJoiff’ by tlu» Ui Him. '3 N.A. can be acconi})lished in an 

(.(p'lallv sirisfaetorv jnamier by removing the 12 eye-piece and 
replacing it. with pi artieally no other alteration, byhn 18 eye-piiyc ; 
:iiid still higher results can ho oldahied wiOiout the slightest di-lri- 
iiieiit to the image l>y using an eye-piece ot 27. 

Nut less interesting and eonviiiriiig will it he to examine tin* 
satne ohjeet with a 12 nun. di.b N.A. (= vinch), and an A Zei.-s 
achromatic of ■20 N.A.(— |rds ineh), Using a 12 eye-piece. TIihm' 
who may still retain some eonvictioii as to the value of ‘ low-angled 
glasses to seen i-e [lenetratioii ’ can want no further evidence of it- 
entire fallacy than such a simple experiment affords. 

For tliose wiui jirefev it . a true histologicfd object may be selected. 
We chouse a portion of a frog's bladder treatinl with nitrate of 
silver, in which are simu' convoluted n'csscIs. enclostal in a musculav 
she.ith which had contracted. 

This oliject is presented by photomicrograph in figs. 7 and 8 of 
tiie frontispiia-e. In lig. 7 the vessel in the frog's bladder is seen 
bv a Zeiss A “2 N.A, tiiagiiilic'd 140 diaiiu'ttu's. ddie object, of tlir 
photograph is to exjtose the fallacy which underlies the gener;tily 
ac<-eptcd statement that low-angled glassk-s are the most suitable for 
histological ])iir]»oses. Tlie assumption is foumhal on the fact that 
the ]tenetra(iou of a hms varies iiiverstdy as its aperture, and it is 
taken for granted tliat ’dejifh of focais ' will be obtained, not to Ik* 
secured by large a})ertures. ami tliercd'ore it is taken for granted 
that Wk' are (mabled to see into thk“ structure of tissues. 

Tn examining tin* illustration (wliicb will with advantage pk'rmit 
the use of a lens) it w ill be staai that scarcely an eudcdlielimn cell eaii 
he clearly sekUi. A .sharp outline is nowhere manifest, llceau^e 
the image of oiuMvll is eoufu.sed with the (Uitliiies of others it[>oii 
which it is superposed. W'e have sk'cn that there is no pers])ecl iw 
proper in a iiiicrosco]»ic imagk' : therefore it is better to use liigli 
aperturk'S in olijeetives. .and olitaiii a eh'ar vikwv of kUU' idamv at one 
lime, ami train the mind to apj»reeiatk‘ j)ei's])eetive liy means of ionil 
adju.stiiKMit. 

It will l)e adiiiittk'd that no elear idea of what an endotludiuia 
cell is Can b(‘ obtained from fig. 7. 

But fig. 8 {fi'ontisjneee) represkuits the same structure slighlly 
less magnitiekl (x 138) Iw means of an ajiochroniatic :;j N.A. ’U-r 
Here only the uiqau- surface of the tube is seen ; but the kuidotlie- 
lium cells can he clearly tracc'd. and a .sharp definition is givk'U to 
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. wry cell Tlie circular clasiic tissue is also disjilavcd, wliiio the 
uliole image has an increased sliarpness and i)erfectioii. 

Tims, with the ol^jective (A >:.A, = §rds inch) of htwei' 
;i pert lire, tlie endotlieliiim eells a//i /;« .swn/ ; Init wlitai the iina<n‘ is 
compared with tliat of tlic objective of wi<ler aperl iin* (iio \A.). 
liie former image is fouii<l to be dim and ill-detin<‘d. The mnscular 
-.heath is so ill-defined that it would not be noticed at all if it had 
not been clearly revealed by the ol)j(*cti\'e of wider a[)t‘rtui'e. Ibit. 
iiu the otlier hand, the objecti^•e of greater apertuj-e not. only shows 
ihe muscular sheath, but it also shows the elongated nuclei’ of the 
iiin>elc cells ; and at (he same time brings out the coiivohited \ess(‘ls 
lying in the muscular shcatli as plainly as if it were an olijoct of 
viitlicient dimensions to lie upon the table a[)pealing to the unaided 
cve. 

liave pointed our in the proper placed that .•ilthongli ‘ penc- 
Ti-atlng^ power Varies inversely as the numerical aportuiv. it also 
varies inversely as the ifiyeu/'C of the iiower. 

Xow, from what we know of histological [(‘aching in this country, 
wc ilo not, hesitate to say that a histologist w(add not have attem](ted 
ro e.vimine the above object with even a Z(‘iss A o))i(‘ctive. I{(‘ 
would have advised the use of ^ ihe [-inch.' of, perliaps, (io aperture : 
hat Ity s(j doing he would have secureil cjiily one-tliird of tlu' pene- 
rniting power aperture, and (.>iie-seventli of tlu* penctiating p()Wer 
r'd power. 

It is manifest, then, that pursuing this course in the lu^tolnojcal 
laliovatfUT ilefeats the end sought, and which it Is so (h-siiahlt* to 
atlailt. 

If is ahsolntelv iin\M.se to us(‘ a higher tlian is iieedtbl. 

A j-mch where a f-inch would ans\ver iii\ol\es loss in manv wavs, 
anil would never be resorted to if the aperti'i'e of the le,tseH cn'iHOijeiJ 
.nre a.^ (/ rent as (he poa'er omt k<jitiii}<dd;i pe r mitiid f 

A given structure, to he seen at all, must have a given aperture ; 
uhtain this, as oliject is (‘s now maiU‘ for lahorators [air[;(i.s('s run. 
rliyv are obliged to use too htiijh (( poo'er. Tlie result is that in seek- 
ing to avoid what is accountiMl tlu* loss of ■■ peiu't rating power ' at 
;iii ius'erse ratio to the apertui'e. it is forgotten that we are losing it 
niVHsidy as the s^/aare of the powj'r ! 

Alf)r(«nvev, (he two apociiromatic objectives we hav(‘ alreadv 
ivtei'red to as test lenses eipially able to show the value of 
:i[iocliromatism, not so mucli on aceount of the removal of the 
M-cnndary spectrum as for the reduetion of the aberrations (h'pend- 
‘ lit nil the irrationality of the speetnim in ordiiiarv acliroiiiatics, 

I se tlu^ 12 mm, ‘Go X .A. (>bjeetiv(v Plaet' a diatom in lialsam 
in tlie tbeiis of it on a dark ground : the diatom will shine wilh a 
dlvery whiteness, and tlie image will lie whollv free from fng. 

Xow take one ot tlie best acliroinaties obtainahh’ of .\-iiK'h 
I'nu.s of 80 ° (almost certainly a j'(, hi power) and e.vainim* tlie same 
‘'I'ltdiii in tlie same clrcumstanees ; it will be batlu'd in fog. ]f, 
l‘''we\fr, the uchrom.itio objective is an except iiaially guoil one. and 
ieit\ice its aperture to Gb^, we shall get a fail' picture of the 
’ Cliupter 1 . 2 Chari er II. 
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iliutoia— one iiidet-tl that \\ as consldevyd critical until that with t]i, 
filtuchroinatic was seen. But in conipurison it is dull aiul ycllowis],. 
l-'roui which it ihllows tint au exceptionally fine achi'omtitic j+,-ini-ii 
of fiO® or •"> X.A. will not siifi'er conijiuvison of the image it yiehh 
with that of an apochromatic Vinch of '6o X.A. 

Sneaking generally on the whole question, tlien, it would l)e tla 
utmost folly for liistologists or opticians to shut their eyes to tla 
maguificcut character of the series of dry apochromatic.s of Xeis-. 
raiijfiiig from I inch (■24 mm.) to inch (4 mm. ’95 X.A.). Tla \ 
ai e the most pm'fect and etticicut series of objectives ever placed in 
tiie hands of the worker; ami. unless English lenses on a truly 
apochiymiatie princii)le and equal (juality are })roduced, it must hi 
to ti»e detriment of either tiie opticians or the workers of tlii> 
(•omit rv. 

Noi- need it he sup|iosed that the ju'odnction of ohjecti\rv 
ap[)ro\imate to these must he costbj\ great steps have been taken 
lalelv in the reduction of tlicir co.st. The manufacture of tl)e Jeu.-i 
i;kms has indeed wrought an entire change in the character of 
ohjectives now ])rodiiced : and althongU the very firu'st and ujim 
costlv apoclivomati(‘s having finorito used in their construction still 
hold an iiurivalled ]>osition. yet the new glass admits of correL-liou,. 
so iKMflv jierfeet that some stronger wru'd than achromatic ajjpeared 
to h(‘ lua-ded. and the word seiiuoipochromatie has ei'ejd. in and 
inidouhtcdly designates a most \a!nal)lc and far from eostlv s(U of 
h’Usc's of all power.s. Jt is Leit/., of Wet/lar, that has livst and 
elHci(uitly atl.acked this jircdilcm and provided the student wIiom- 
nit'ans are limited with objectives oi a very high (dass, and wliicli 
come reiiiarkahiv near to tlu' best a]) 0 (diromatics. We woiiLl 
.spechdiv c;dl attention (wholly in tlie interest, s of students) to No. ;! 
(;|-ineli X.A. (r'2H) at a cost of lo.s. Xo. 0 is an equally vahiahlc 
and itdmirahle ohjectivo wiiich is a ] inch 077 X.A,, the price of 
which is 2d.i.. ami it come.s so neat' to an apochromatic as to ref|uivc 
ex[iert judgmetit to discover that it is not. He also makes a dry 
,h-inch XTA. 0'H7 and a dry ^ of ‘n’i X .A. at a cost of d/., whicli 
is ;i very low' price for so guiod a juece of o])fical woi'k. Also an 
oii-iinniersioiL )',,-ineh X’^.A, I'iUl is sold for .4?, las. This glass is 
correete<1 for llie long tube, and a similar ,btb XTA. I '49 fbi' 
•V. resolves .secondary diatom structure well, and it is Irirdly dis 
tinguisliable fi’om an ajiocliroinatic lens; and we can atte.st. froui 
[ter.soiial investigation, the value of each of these, which are only 
selections from a considerahle series, all of wliicli we have fratiid 
to he reliahle. and. when examined in luunbers, very few inderd 
are below ihe standard (jnality, But such work is so mueli needed 
that it is not likely that, with t]ie glass nccessihle to ail. it will 
i-euiain tlie peculiarity of one maker; hence we find that KeichevT 
follows Jjfit/. so (dosely in quality and jjrice that it is not easy ui 
distingni.sli the semi-apochromats of one maker from the othev. 
liCicherts Xo. 3 (jj-incli X".A, (r.S(l) is 17s.. his 7a (an admii'ahl" 
len.s) i-iiich X.A. 0'87 is I Os. He makes a higlnelass nil 

immei'sion if.-incdi X".A. I'MO for H?. And of ajioehroniatic leiiM'- 
lie makes a yj-inch X.A. O'.’h) and a J-dncli X.A. (I'O.o for 4/. eacli. 
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so far as we have seen tJunn (ainl we Ijave examined 
iiaiiy), ju-e excellent, l^eichevt’s semi-apochromatie is also a line 
iiul useful lens, and his -/^,-inch apocliroiiiatie X..\. I'dO has 
,|ii:dities fitting it for use in any kind of ivseairh. 

]hit Ave confess that it is a matter f)f most plea sj nit snrjirise to 
!is to find that the great Ameriean firm of Baii.seh and Lomh are 
[ditting upon the Englisli market uVijeetives that fairly (‘om])et(‘ 
with the above in the lowness of their jn'ic'C, while their {>])tical 
.jiiality and mechanical work are of the h(.‘st arde]*. Wi* liave 
rxamineil these lenses witli imieli pleasui-e ; tiiev are from the com- 
|intations of Professor Hastings, and, considering tlie fact that they, 
ill all the higher ])owers es]ieeia]ly. are so ]ow-](viced, their correc- 
T ions and high <piality are lieyoud all praise. We Avould speciallv 
rail attention to a ^^-ineli. a ;^-incli, and a /,_,-iii(‘li wliieh we have 
rxamineil thoroughly and with appi'owal that nei^ds no <piali 
lii-ation when it is veniemliered that tlie most ad\ aneed Continental 
ojiticiaiLS liave not touched a lower pi'ice. 

Messrs. K. and J. Tk'ck are making good ohjectives, oildmmer- 
>i<iu and otiier, and one of their ih oil immersions is sold at the 
a rikingly low figure of 4/. 

iMe,ssrs. Swift and Son are malciiig a larger nnmhcr of ol)jee{l\es. 
^‘^}^eeially apocliromals and semi-apueliroinats, and they hav<‘ long 
>lriven to supply the student with liigli-ipiality Imises at the lowest 
[Hissible ])riee. There can lie no doubt tliat the whole se<-ivt of 
siuress in this matter is (le]iendent on a sutheiently large sei'ies of 
experiments to determine on the right kind of glass, so as to jirinhiee 
tIk‘ higliest order of nseiiii-apoi'lii'omalism.' 

Messrs. Matson and Hons have eommeiiced the manufacture of ;i 
ui‘W series of objectives based on original com[mtations. Tlu’se 
|ii'omise exeeedinglv W(']l. Mk* have examined the I, inch and the 
|-ineh. AVefind that their initial jiowei's ai'e 21 iliaiiieters itia N.A.. 
and 40 diameters 0'71 X".A., and they ile])eii(l for aplanatic results. 
\vlii<‘h are admirable, on a triple hack lens. The <ihjectives. we 
believe, will he valuable as a series when complete. Thev do not 
claim to he amongst the very low-priced lenses; hut they elaini, 
and we believe thev will possess, some of tlie h(‘>t (pialities wliicli 
should 1)0 aime<l at in microseo]tic oliject- glasses, 

These facts are of importance to the medical student and to 
c[iticiaiLS generally. By apoclironiatised and semi-ajiocliromatised 
(ilijectives of the highest order the work of present and future 
iiiicrnscojiy will be ilono — that is inevitable. To thorougldy nmler- 
Mand wliat its very best results, theoretically and practically, must 
he becomes the imjierativi' aim of the optiiaaii nlio would ho 
fihroast of tlie direct wants of his time ; ami to ]»ro(ln(‘e the nearest 
1(1 tliese ill ohjectives and eye-pieces at the lowest possible price 
is. apart from all otlier issues, to he a direet benefactor of true 
scii'iice. 

The Eye-piece. — The eye-])iece. sometimes called the ovjflm\[s-an 
"pticul comhiiiation. the purpose of which is so to refract the diverg- 
aig [tencils of rays whiidi form the real ohject-image that flioy may 
all arrive at the pupil of the observer s eve. They have also to form 
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ii vivUuil of'tlio real image which is jireseiited to them as tla 

object. For "rliis purpo-se a combination is imlispensableJnit tlii. 
iiiav b(^ vai'ied. Tbcre are onHnai'V and .special eye-pieces. TIios, 
in ordinary use S(‘parate into (wo divisions: (1) positive eye-piLve^ 
and (2) negative eye-pieces. Tliese are easily distingoushed ; with 
a pasUire eve-pieee we can obtaiii a rirtiud hiuuje of an object by 
nsin<*' it as a simjtle luicroscope, because its focus isexterioi- to itseli'. 
'Phis cannot be done with the /wjatire because, its focus i,. 

witliiii itself. 

The cve-piece in common use is negative, and i.s generally hno\Mi 
as lluvtrheiiss, and sometimes as Campanhs, Moncoiiys appears t<. 
have been the ilr.st (IbOo) to su[)ply the field-lens to tlie eye-lens ol' 
tlie luicroseope. and Hooke iii lOtio adopted ins suggestion ; hin 
hew far iMoncoiiys \\a.s indelited for this to the compound eye-piecr 
attrihuted to iliiyglieiis cannot now be determiiUHl. 

This iii.stniment, as commonly used in a telescope, consists oi' 
an eye-lens and a lield-leus, each being plano-convex, having their 
Convex si<les towards the object, their foci being in tlie ratio ot' 
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: 1. and the distance lietween them Ixdiig eipial to half tla; 
sum of their fneal leiigtlis, a iliaphragm being placed in the 
focus of the eye-lens, Tn a nuerosef>p{> a did'evont ratio and lcn> 
ilistance is enivdoyed, the fact lieing that difterent tube lengths 
vecjuire different fornuihe. Tlie general form of a Iluyglieiiiau eye- 
piece i.s sliown in longitudinal section in tig, 1)22, This makes a 
very eouveuient form of eyi'-pieee of a ami lb nuignifying power; 
liutwheii the power much exceeds this last amount tlie eye len> 
becomes of deep curvature and short focus, so that tlie (“ve mu.si hv 
placed uneonifortably near the eye-lens, This, however, is its cliief 
defect, and it may fairly lie considere<l the best ordinary eye-iaece, 
Anotlicr negative eye-piece is that known .as tlie AWbea*. or 
orthmcopic. 'rhis consists of a bi-eoin'cx tiidd-glass, and an .H’lironiatic 
doublet meniscus (bi-conv(‘x and bi-i'oncavc) eye-lens. A vertical 
section of one so constriieted is seen in fig, .'123. Tlie.se eye-pieces 
usually magnify ten times, and t he advantage they ai-e supposed ti* 
give consists in alargefiehl of v iew ; but tiieyare not, good in [iracticc 
for this very rea.son ; they take in a field of view greater than tla* 
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i.!)jectivc can stand, and as n rule ev(‘n the centre of tiie field will 
not. bear comparison in sliarpness with the lluyghenian tbiin, 

^Ir. Xclson has recently eoiiipnted and Imd made a Hiiyghenian 
, ve-pie(ie on a wholly new fornntla ' which has the field reiluced l>v 
;/li()ut 7 inches, yet we can testify that in use it gives cxceedinglv 
v])arp iuiages, nii<l what surprises the amist<iiue»l workiM- is that it 
■ icts adniiraldy in the. place of ’ coinpeiisated' eye-[)ie{‘es, giving 
lesults that often not otdy e<pial hut surpass tlH‘>e. 

The power of this eye-pieee is 1’2 ; etjuis-aleiit foi.-us. ‘M, corrected 
for the English tul>e 

Fig. -124 is enlarged tu lee. 



Fk.. ;-»21. — Xclsoii's new formula eye-}>icce. 

hata: fdass. horo.silieate crown, ^i=:l’ol. 3'=(i4’0. ona cat.i- 
Ingue Xo. 0 . 

Field-lens, biconvex r= -P 'fl41 ^ , 

‘ ■ diaiiU'ter o)o. 

f!=: - 2'!U 1 

Eve-lens, hicunvt'x r'= 4- '-'111 ^ , .on 


I fistance of eye-lens from tield-lens. measured from their sur 
faces. 417 . 

I listaiiee of dia]diragiii from surface of field lens, ‘48. 

Diameter of hole in diaphi’agm, •20. 

Power, 12; e<(uivalent focus. •“>;}. coi-rected hw the Continental 
uibe (g=0‘.’l). 

Data: (dass, sam<' as bei(>i‘<‘. 

Field-lens, biconvex r=; -f 'O.V' ^ 

diameter 


Plve-lens. biconvex r'=4- ‘22 


g’— I diameter 20. 

DLstance of eye-len.s from tield-lens, measured from their .siir 
laces, -(hi. 

Distance of diaphragm from surface of tield-lens. '44. 

I Hameter of hole in diaphragm. ’10. 

Thc.sc ey(‘-pieces shoukl enter the tube of the mierosco]H' as far 
ihcir <liiiphragms. 

Positive Eye-pieces.™ In the early coin[)ound niicriM-opes the 
1 J.UM.S. 1000, p. Ko, 
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w*'pieces were all ])Ositi\-e ; that is to S!\y, they consisted of a singi.. 
hVconvex eye-lcus and nn field-glass. The definition witli thisnnn/ 
liave hei'ii niost imperfect ; the addit ion of a fielddejis, tliongli 
were a hi-cnii\ex not in the correct ratio of focus nor the thcd 
reticallv host distance, nuist havt“ hcen considered a great advance. 

In this wav matters rested, however, until the theoreticitllv 
jierfect Unvghenian form was devised. Object-glasses have ],)ccr 
used as ey'e-'picccs, and all forms of loups or simple mieroscopir 
lenses have hocn employed for the sj\me pivi' 
])ose. f^olid eye-pieces have -also been u.^ril 
boih in hhiglaiid and America, hut with jjn 
result.s that surj^assed a well-maile llm . 
gheiiian combination ; but tlje best form of :ill 
of the combinations which have been tried hv 
us a,s positive single eye-pieces are the Stoin- 
heil triple lonps: a section of one of these is 
seen in tig. 11:25. ddiis combination also forms 
one of the best lenses f'or projection purpo.sf.s 
ever constructed, lint a })ositive eye-piece was devised by Hamsden. 
consisting of two }dano-coiivex lenses of equal foci ; the <list;mcr 
Ixdiig e(]Ual to two thirds the foc;d lengtli of one. The iliaplirairm 
was ofcour.se exterior, 

Abbe’s Compensating Eye-pieces. — We have already given a 
geinanl description of the nature and action, in connection with ilir 
a[)Ocliromatic ohjcctiAT.s. of this form of eye-piecc.^ in the sectina 
above on objectives we have I’efevred to the fact that tlie.se eye-piec»'s 
are ; tin's may l)e easily seen by obseiwing the colour 

at the edge of the diaphragm, which is an orange-yellow. If wn 
com[)aro thi.s with the colour in the same position with a Kuygliein’an 
cye-piece, this will he blue, being seen Ihrough the sinijile iincorr<‘CT(.'il 
eve lens. 

There are tliree kinds of compensating eyr'-])iece as <lesigni-il hv 
Abhe. These are: — 

1. Searcher eye-}>icces. 

Working ,, 

5. Projection ,, 

1. seioo/itfr forms are negatives of very low ]>ower, inleudril 
only for the jmvpo.se of fimling an object ; tliey consist of a single 
field-lens and a doublet eye-lens. 

TJte K-ork'nitf formsare both positive and negative. The eye-]uen' 
for the long tube ha.s a irijdet eye-lens; but the remaiiuler. viz. 

12. 18, and 27, when first iiitrodnce<l, were all positive. The H was 
sidrsequcnlly, lio\ve\er, cl)ange<l for a negative. Having used both, 
we are glad to learn that it is made now both positive and negativr. 
It may lie convenient to have the 8 a negative like the L hut with 
regaial to the 12, 18, 27 it is important that they sliould he positive-. 

Tiiesc positive fni'ins are on a totally new’jilnn, being comp(*scil I'l 
a triple w ith a single plano-convex over it ; the diaphragm is, of conrsi'. 
exterior to the lens (fig, :}2i5). AVith these the definition is of tliv 
finest (piality throughout tlie field, wliich has lieen reduced to .ah-mi 
<) iiuhes. They pre.sent the admirable condition tliat with the doepor 
’ Chapter I. p. 3:-5. 
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|,.)\vev.stbe proper ])Ositioii of the evo is further from the eyo-lens 
iiisui is the cn.se with tliose of tljc Huvgiieniaii cniistrnctioTi; wliirli 
iiiikes it as easy to use .-ni eye-jiiece of ns great a power as 18 or *27 
one of 4 or 8. 

Thejickl of these eyi'- pieces has, a.s we helio\'(‘. lieeu very wi.selv 
limited to five or six iiLche.s, Tlie attempt (ni tlie [)art of Kngli.'^li 
ojiticiau.s to give to oiir eye-pieces fields rcjichiiig eigliteen indies is 
;i!i error, A mi(;ro.scopic objective witli the lowo.st n]jerture lias tlu* 
lidd greatly in excess of any other optical instnnncut ; ainl to deal 
wlthsndi eccentrical pencils as jinist be engaged by an eye-piece 
with a fiehl of eighteen indues is a strain not jiistitied by what is 
i^aineil. 

Tlie powers of the Avorking eye-pieces are also arranged in a new 
wav. The multiplying powers for the long tidie are 4, 8. 12, 18, 27 ; 
it will be seen at once, therelbre, tliat they bear no definite ratio 1o 
i.)UP another, and if Ave seek to simplify the focal lengths we are, by 
the ein[)loymeut of the metrical system, confronted Avitli decimal 
fractious, but without further elaboration it maA' be lAidl to say 
that 12 is the most generally useful eye-piece, 
mill if only one compeu.siitiug eye-piece is to be 
selected, there can be no f|UCstioii, from a prac- 
tical point of vicAv, but this is the best to em- 
plov. The 4 is too low. and 
r]ie 27 is too high for general 
purposes, and the 8 ami 18 are 
siitHciently near the 12 to give 
flic latter the mb ant age in 
general Avork. We cannot, 
however, refrain from tlie ex- 
jiression of the opinion that a 
series of o. 10. 20, or (h 12. 24 
powers would be in manysemses 
more useful, and would oiler 
tadlities in application not .se- 
cured liA’ the series of Aldie now in use. 
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It may be Avell to give further emphasis tn the fact tlmt this con- 
struction of CA'c-pieoe is not only essential to the proper Avork of 
ajxjchromatic ohjectives. Inil they greatly enhance the images given 
hv ordinary achromatic lenso.s; and it may be noted that the 8, 12. 
mid 18 eve-jiieces for tlnmshort tu];o are iilentical Avith 12, 18. 2( 
tor the long tube. The 4 eye-piece for the .diort tube makes a very 
siiitalde (> power for tlie long tube, 

new series of eve-pieces has been recently introduced liy 
\V, AVnt.son and Sons, to which they Imve given the trade name ot 
' lloloseopio.’ Wliat is lield to be a vmy .simple inotbod i.s employed 
for rendering them either oA'er or uiideiM-orrected. and therefore 
•'Uit;ihle for eitlier apodiromiUic or tJie ordinary adnoniatic ohjeetive.s. 

Thiscyc-pieee is of the l[uyglmniaii type, hut unlike the ordinai'V 
t'aftern tlie eve-leiis. together with the (liapliragm. is moiiiiteil in a 
tithe Avhidi .slides tde.scopically in the body of the eye-piece, at the 
iowev end of AA’hich the field-lens is fixed. Tlii.s is slunvii in tig. 327. 
hen the sliding tube is pushed liome as far as it AA'ill go, the eye- 
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piece, is nii LiiuU'i‘'t‘<n'i'cct(Ml one end siiitaRlo for use \vith tj . 
onliuarv aclivoniatio ol>)ectives ; Ity drawing out tlie slnling 
and so increasing tlie distance between the eye and field lenses. ti„. 
so-called ftver-coi-reetion. wliicli is as.soe!ated u ltb llie conipeiiNitin^’ 
cvc-pieces, can be obtained in varying flegree according to t|’. 
ainoniit of exteiisiim. A scale is proN'ided on the sliding draw-tnlir 
for registering anv desired position, 

Tl'iere are theoretically two ilistiuet advantages with thi.s 
eye- piece : — 

^1) It olniatcs the necessity for being provided with both 
glieuian and conipcnsating (we-pieces, liecause it performs tju- 
functions of both. 

(2) It will ba\e liceu (>l)served that with some objoelives dn- 
compensating eye-piece lias appeared to posse.ss too inueli nvn-^ 
con-eetioin [iroduciug the feeling in the mind of the worker lliat if 
it were possible to vary the eorreclion of the eye-piece a litlle n 
bettor image coidd be produced ; this can theoretically be done wiih 
tlu' new ‘ Holoscopic ' e} e'[>iece, but we prefer a definitely com- 
pensated, or an ordinary eye-piece. 

The initial magnifying powei’s of this series of cye-pieees are: 

For the IfiO mm. l.nbe length b. 7, 10. ami 14 diameters. 

.. 250 .. ' 7, 10, 14. , 20 


For the English tnlie length, wliere the diaimder of the (we-picce 
fitting of the niieroscope permits of it, .■^peciallv 



larg(' field-ha isi‘s are used. 

T’lie <‘osi is ^‘ery little greatia' than that <4' tlir 
ordinarv Kii\ ghenian eye-pieces. 

The projection eye-piece is mainly intenikd 

t(H‘ photo micrography, hut, it is also usihiil thi' 
drawingand (e\hihitio]] purposi's. It i.sa ncgatiic. 
with a single field-h'Us and a trijde ]n’ojectioii- 
lens. The |)rojeetion-lens is fitted with a s[iir:il 
focussing arrangement in order that the dia[i!iragin 
whieli limils the field may l>e foeus.sed oji to tin- 
screen oi' pa]KT. The field of this eye j'iece i- 
small, hut its definition is exijuisitely shaip. 

It may not be generally known that good 



])lioto-micrograpbs can Ite obtained by projection 
witli I he ordinary coinpensaiing working eye- 
]iiece.s, but this is a fact worthy of note. 

It wdl pei'baps be of practical utility if 'o' 
apjanid a table indicating tlie focus of the com 
])ens;iting eye-])ieces wiieii us(‘il with the ^eagainl 


km, Zeiss's the ffhoi't h<uJi/. 

Special Eye-pieces, — The most important "f 
^ ' lhe.se, the inicroitiH(u’ ei/e.-piec<\ we have ah'Ciclv 


<-oiisidered, so fai’ as it,s a])plicatioii to micrometry is concernea.' 
its optical character may I)e propei'ly considereil here. Hit is a 
negali\e eye-]fiece the micrometer is placed in the focus of the tpc 
lens; but if a positiv(M'ombiiiaiimi, it is placed in the focus ot die 
oyc-piece itself. The llainsilen form de, scribed above is thorouglily 
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I'rojcctlon Eijc~l)u(e.s. 2 for sliort nnd 3 for lon'j; boilics = 00 mm. or 3-54 
inclifs; 4 for short and 0 for long bodie.i = 45 mm, or 1-77 in. 


>ni(t'd for tln.s juirposo, Init :r noo:ifi\e form is offoi) emphA'nl, tiio 
liiieioint'tHi* hoiiig plnred inside (lie (‘y(’-])ie(‘e in tJie dinplirngm. ‘u\ 
die fof'iis Ilf file evedi'iis. 

In order tint tlie micrometer may be susceptible of foeus for 
Viii'ious sights, it is iieces.sni'y tlmt the eye-ions in the case of a 
negative eye-piece, ami the Miole eye-piece in the cjise of a positive 
one. should be mounted in a sliding tube : and one with a spiiral .slot 
will he preferable, since it makes the worl; of fornssiiig lioth facile 
iiiid accurate. 

If onlv one micrometer eye piece is used it slinidd ]>e ol' medium 
jjiAver. sueli as 1?, -inch focus; lait it is an iiie.\pensive and a usofnl 
|lni to have an additional set of lenses to screw on to the samemoniit. 
>oasto make the eye-])iece. .say, a |-inch focus. 

Spectroscopic, polarising, goniometer, and binocular eye-pieces 

aiv each treated iiiidm- their respective sulijects. 

ftuekett's index eye-piece is one \\ hich has a pointer placed al 
dll’ ilia]>hragm, so eoiistvucted that it can he turned in or out of thr 
ticld. and is used to jioint to the po.sitioii of an object. 

A good jiliin, o'hioi iho lUfiijoljiviittoo (6“ great, is to Jia\ e a d/n- 
ir'tth a small aperture to drop into tlic eve-]iiece and dimi 
iiish the field of view. This imt only makes the object to he tiointed 
“iit more easilv aece.^^sihle lo the ry(\ huf — as \se have by many 
Vi‘:ii's of observation prov ed — it aid.s inelo.seoliservation upon minute 
hjeots by cutting oil' a large area of light without altering the in 
Hidty of what remains, ami .so makes close observation more e.-isy. 

IHapIiragius with a stpiare aperture ai-e fitted into eye-pieces foi- 
iif jnirfKJse of counting hlood-OfJrjniscles in a delinitt" area. The 
I'llc in the diaphriigni must he adjn-tetl for a definite tube length 
mil for use with a ilefiiiite objective and used with ik) other. 

As it is directly assnciiited with the eye-piece, we .shall liiid no 
I'Htcr place to note the curious and hitherto unexplained fict. that 
’die II I '(‘solving strife or lines with ohlipue light tiie efi’ect is much 
^rciigtheneil Igf plaamj a Xieol's anahpdnij prism over the. epe- 

inire. 

Testing Object-glasses.— -It w ill have been noted by the attentive 
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rojuler that inaiiv of the more important qualities of ohjediv . 
,-nv (Ictornhned by the principles of their construction, and hecni: . 
ill fact fjucstions sinqily of the (inality of the workmanship involx, 
in producing the opticiil and mech.anical parts of the object-glass. 

The (piality of the \\-orkmanship may be tested by teclunV, j 
means described below, and by that subtle power Avhieh comes wit , 
e.vpm ience. This can only be imptirted tlirougli the paths of ljd.)i>::!. 
and experiment, hy which in man'y case it is reached. But, grained 
tint tin object has been illuminated in an intelligent and satisfaelin-v 
imdiner, the first complete view of the image (which must of cotii>’i- 
btmi tlioroughly familiar one) will enable the expert to come l.i;, 
conclusion as to the (piality of ti given oljective. The character of 
tlu’ imtum (0 the expert <letermincs ;it once the cliaracter of ihe 
leiis. This is the imme alisolnto if a series of eye-pieces (up to ihe 
most iiowerfiil that can be obtained) are at hand. Notliing Tests 
flic (piality of an objective so uncompromisingly as a deep eyc-pit'ce, 
Bor hrilliatict/ of image a moderate power of eye-piece is of course 
best: Imt the capacity of the object-glass is clearly commensurate 
with its abilitv to endure liigli eye pieces without loss of (JiaracTer. 
and even sharpness in tlie image. Tbiless the objective be ot high 
([uality. the sharpnc.ss of the image gindually di&ippears as the inon* 
powerVul eye-pieces are used, until at last either all or part of tlio 
image breaks up into the ' rotten’ details of a coiirse lithograjtli. 

A lens finely con-ected (with large aperture) will bear thedeep('st 
ovo-piecing ii'itii 110 detriment. The 24 mm. and the 1 2 mm. of Zeiss 
will suHer any eve- piecing accessible to the microscopist without the 
smallest surrender of the sliarpness of the image. We have in f:icT 
tried in vain to ‘ bi-eak down tlie image’ yielded by these objectives. 

This mode of testing is of course to a large extent subjective, at 
at least is eontrolled by ineommiiniciible Judgiiients. It is most 
im|)oi'laut' therefore to have a mode of judgment that shall be acces- 
sible to the beginner and the interested amateur. Dr. Abbe has 
proposed a metliod wliicb is at least accessible to all. 

Tn ordinarv practice microscope objectives, if tested at all by 
their possessors, are simply subjetTed to a comparison of })prfonii 
aiice with otlier lense.s tried iqion the same ‘ test -objects,’ 

Tlie relative excellence of the image seen throngli each lens may. 
Iiowever, de[)end in a groat part upon fortunate illumination, ami 
not a little upon the expei ieuce and manipulative skill of the oh 
sen er ; besides which any trustworthy estimate of the pertonuaiice 
of the Ions under examinat ion involves the consideration of a suit- 
aide test-object, as well as tlic magnifying power and aperture of the 
ohjei'tive, U is knowing what is meant hy a ' critical image, aiul 
being able to discover whetlier or not a given olijective will yield 
Ulearly all tests of optical instruments, which are not capable nt 
iiifimrlcal expres/iloi^^ must be comparative. d/cAp/o/y/zi'g poii'e-i' vwe 
be measured numerically ; it is not comparatii e. In the same way 
resoli'iiKj power is matliematically measurable ; so is pemtMw'J^ 
power. But dejlniiioi/ and hriUiaocy 0/ ui}(u/e, and evidenct' ut 
miiriixj, can have no numerical expression ; tliey are conseipieutb 
comparative. 
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The structure of the test-object should l)c well known, jtnd the 
vilue of its ‘ inn i’kLn«>:s ’—if intended to indicate microscopical diineii- 
..tns— should be aceiivatcly ascertained, care heiii^^ taken that tlie 
ii,iuut:Cness of dimensions and general delicacy and perfection of the 
t^ st-ohject should be adapted to tlie ])Owcr of the lens. A fairlv 
(■(ivrect estimate of the relative perfoi-iiiance of haises of moderate 
magnifying jjower may doubtless be thus made by a eompeteiit 
()tl^el‘ver ; bin it is not possible from any comparisons of tliis kind 
to determine wliat may or ongbt to be tlie ultimate liinit of optical 
pri-foniiaiicc, or whether any particular leus under examination has 
actually reached this liinit. 

Assuming the manipulation of the instrument and the illuniina- 
lion of the object to boas perfect as possible, and furthm- that tlie test- 
object has been selected with due ajipreciatiou of the re«pn cements of 
perfect optical delineation, a fair comparison can only he dr;cwn be- 
tween objectives of the .same iiiaguifying power aial aperture, ^^’llich 
Ilf two or more objectives gives the better image nmv he readilv 
ciiougli ascertained liy sucli comparison, but the valiiesthiisascer- 
Ti lined hold good only fur the jitulieular class of olijects examined. 
'LI10 best performance realisdl with a gii en magnifying power laav 
jKi.ssibly exceed expeelation, yet still be below what might, and 
tlicrefoi-e ouglit to be obtained. 

On the other hand, extravagant expectations ma-t' iiuluce a 
lieliefin performances which cannot be realiseil. TJie eiu[ilovment 
(if tlie test-object.*^ most in use is moreo\er calculated to lead to an 
ciitirelv one-sided estimation of the actual woi'king power of an 
ohji'ctisv as, for exanijile, wlien ‘resolving power’ i.s estimated hv 
its extreme limits rather than by its general eihcieiKT, or •defining 
power’ by extent of amplificatirm rather than by clearness of outline. 
So tliat an observer is tempted to afiirinthat he can discern througli 
liis pet lens what ik) eye can .see or lens sliow. This happ>ens diiellv 
witli the Inexperienced heginner, lait not unfreipieiitly also with 
t!ie more experienced w orker who advocates the use of great amplill- 
("itiou, ill who.se mind separation of detail means anah sis of struc- 
ruce, and optically voiil interspaces ])ro\<> the nrm-existence of anv- 
diiug w Inch he doe.s not see. 

As much time is often lost by frequent repetition of these com 
jietitive examinations (which, after all, lead to no better result than 
tlial the observer finds or taiicies thatonelens performs in his hands 
iiiDie nr less .satisfaetui'ily than some otlier lens), it seems worth 
wliile to consiiler the value of a mode of testing which can be readily 
iip[ilied ivliatever its \alue may be, A short and easy metiiod of 
T(*stingan objective — not by coiupari.son with otlxTs only, but hv 
itsrlf aud on its own merit, s — affords not only the mo.st I'lirect and 
positive evidence of its (pialities to those who are more concerned 
in jimving these instruments than using them, but also yields to 
the genuine worker the .satisfying conviction that his lalxiur is 
not frustrated by faulty construction and jierfonuaiice of his instru- 
'neiit. It is, however, to be borne in mind llmt the microscopist. in 
iiiiy scrutiny of the quality of his lenses wliicli he may attempt, has 
no other object in view than to acquire such insiglit into the optical 
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('OiKiitiiins of 4 'ikk 1 })orfonu:uioe ns will onnElo hiia to msike the Insr 
iisoof his iiistnniieiit. mill acquive onnluleiice in his inieTpivtatifj: 
ofwliat h'.' sens, as well as mauipulntive skill in examining nhei-i,- 
scojiica! olijeets. T\> the eoustruetov and export of optical sc-ioiic,’ 
are left (ho sevoi'ev investigations of optical etfeets and caUM'>. 
tlio ilitHcnltios of toclndcal octustruction, the invention of new ]vn>- 
coiohinations. and the niniierons metliods of testing their ]aho 1 n^ 
hv delieale and exlniistive [nocesses whiclt reqxiire special ajititu-h- 
ainl lie entirely outside the sphere of the microseopist’s nsiml 
work, 

Prtifesscn- Al>l)e's modi" of testing ohjectives is explained in hi,-; 
■ .15('itr;ige zur Tlioorie des Miki'oskops. 

'fhe process, in onr judgment, requires large experience ;ni<l 
inueh skill to be of pi'aetieaKerviee : hnt it is based on the followinn- 
priiK'iple : — 

In anv eouibinal inn of lenses of whieh an ohjeetiA'e is eojiijKisid 
the ireometrical delineations of the image of any object will he iunn> 
or less coiiij)letc and accurate according as the penei Is of light coiimig 
from the object are m(we or less })ei'fectly focussed on the eonjugaTc 
focal }»lane of the objective. On this depend fine definition ;i]i*l 
exact distrilnitioiL of light iunl shiulc. Tlie accuracy of this fi)cns,siiiu 
function will he best ascertained by analysing tlio course of isolati'i] 
pencils dirirteil npori different [laits or zones of tlm apertiu'e. ami 
observing (he nnion of the several images in the focal ])hnu-. hn' 
tins pnrpo.se it is iieoessarv to bring inuler view the eolleetive action 
of each part of thi* aperture, central or peripherah while at thesaiac 
time tlie iinagm whieh eai-li pari singly and sejiaratel}' forms must Itc 
distinguishable ami e;)pab!e of comparison witli the other images. 

1 . The illumination iinist tlierefore he so regulated that each zone 
of the a]tcrtni'e shall l>e reiuTsented by an image formed in the up^ter 
focal ]ilaue of the oljcctiM" (be. close liehind or above its ))ack lens), 
so that Old V one narrow track of light be allowed to ]iass for eacli 
zone, the tracks representing the several zones being kept as far as 
possible ajtavt from each other. 

Thus, supposing tlie working surface of the front lens of an 
oltjective to be j incli in diameter, the image of the pencil of light 
let in should not occiqiy a larger s]>a(“e than inch. M lien 
tw'o pencils are ciiijtloMal one of tlu-si' slionld f.dl so as to extend 
from the centre of the field to j\. ii\e}i outside of it, ami the other 
sho'uld fall on tlm opjiosite side of tlie axis in the outer peripheiy 
of tlie field, leaving tlnis a spaivof inch eloai' between its own 
inner iiiargin and the eeiiti'e of the (iekl, T'he objective images nt 
the pencils occupy each a quarter of the diameter of the whole Hold. 

If three pencils of light be employeil, the first should fall so a,s tn 
exteml from the centre of tlio field to .}■ inch outside of il : flic 
second should ociaipy a zoiu" on the op]H)site side of it, between the 
.,b- and I'.j- inch (measui'cd IVoui (he eeiilre); ami the third the 
]ieripheral zone on tlie same side as the first in fig. .*121). 

This arrangement places the pencils of light in their most sensi- 
tive position and cxpo.ses most vividly any e.xisting diTeet in correc- 
tion. since the course of the I'ays is snidi that the pencils meet m 
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•jie focal plane of tlie image at t.lie widest possible angle. As iiiany 
istiiict images will be perceived astiicrc may be zones or portions ijf 
die front foce of the ol.ijec'tivo put in o[)ei'ation by separate pencils nf 
light. If the objective be perfect all these images sliould blend with 
me setting of focus into a single clear, colourless jiictiire. Sucli a 
fusion of images into one is, however, prevented hy faults of the 
image- forming process, wliich (so far as they arise ‘from spherical 
.aberration) do not allow this coiiuadence of several images from 
different parts of the field to take place at the 
>;iuie time, ami (so far as they arise from dis- 
p‘i'sioii of colour) produce coloured fringes 
(. 1 ) the edges bordering the dark and light 
lines of the test-object and the edges of each 
separate image, as also of the corrcspondiiig Fh:;. aaa. 

L-nincident images in other parts of the field, 
h is to be borne in mind that the errors which ai-e apparent with 
TWO or three such jiencils of light must neces-sirily he multiplied 
when the whole area of an ohjeetive of fuilty construction is in 
action. This would appear to us to be tlie strongest reason foj’ 
utilising tlie whole area, because wliat we are seeking is the defects 
--the errors of the objective — and to make tliese as plain as po,ssihle 
is a she qua non, ]>r, Abbe proceeds, however, to consider — • 

2. The means by which such isolated pencils can he obtained. 

As a special ilhim mating apparatus, the condenser of Pi’ofes.sor 
Abbe is recommended, or even a hemispberietd lens. But we .uie 
cimviiiced that the illiiininating apparatus shoidd he as nearly a])]a- 
tiatic as it can lie. This is cei'tainly not true of Abbe's chromatic 
('i)iidenser or a lieiiiispherical lens. Tlie reason is obvioirs : the 
sjiherical aberration wholly })reyents the rays passing througli tlie 
iioles in tlie diaphragm from being focn.s.sed on the object — tlie 
dlvered plate of lines — at th/i same time. In the lower focal plane 
of the illuminating lens nui.st befitted diaphragms (easily made of 
lilackened eardboard) ]>iereed with two or tlirec openings of .such a 
hie that tlie images, as formed hy the objective, may occupy a 
I'durtli or .sixth part of the iliameter of the whole nperture {I.e. of the 
licld seen when looking down the tnlie of the instiniment, after re- 
tiKiving the ocular, u[>uu the olijective image). The required size 
oflliese lioles, which depends, first, on tlio focal leiigtli of tlie illnmi- 
iiating lens, and, secondly, on tlie aperture of the objective, mav lie 
dms found. A test-object being fir.st sliarply focussed, card dia- 
jiliJMgnis having lioles of vai'ious sixes (two or three of tlie same size 
ill cacli card) iiiu.st he tried until one size is found, the image of which 
ill the posterior focal plane of the object i\ e shall be about a fourth 
to a sixth part of the diameter of the field of tlie objective, lioles 
liHving the dimensions tlins experiiiieutally found to give the required 
dze of image must then lie pierced in a card, in such a position us 
^' ill produce images -situate in the field, as shown by tigs, :129 and 330 ; 
die card is tlien fixed in its }ilace below tlie condenser, AVe are, 
'lowever, strongly inclined to believe, partly from ex|ieriment, that 
I'ctter results would be obtained liy putting sections of annular slits 
‘'t the haek of the ohjedlre. If the condenser be fitted so as to 
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revolve rouiul the axis of the instnimeiit, jukI also eany with ii 
tlie ring ov tube to which the card diaphragiu is fixed, the [)eiicilN 
of liglirjalmitted throogh the holes will, by simply taindiig the 
denser vouin], sweep the face of the lens in as many zimes as ilaov 
are holes. Siii)}X)sing the condenser to be carried on a rotatiu;; 
sub-st;nte, no additional arrangement is reqnire<l besides \\n- 
diaphragm-carrier. Thus, for example, if a. Collins condenser iiltiuy 
in a rotating snl)-stage be used, all that is requii'ed is to sid).stitai,c 
lor the diaphi'agm winch carries the stops and apeiinres as airani:<-il 
hv the maker, a ilia jhragm pierced with, say, three openings of j^-iiuh 
diameter, iu which circles of card may be dropped, the cai'd beiiiy 
})ierced with holes of different sizes according to the directions gi\en 
abuve. We doubt, llo\^■evel•, if any sub-stage will i'ev(dvp with 
sutli<‘ieut accuracy tor so delicate a test. 

Another plan adopted by Dr. Fripp, luid found very conveniem 
in practice, is to mount a condcaisiug lens (Professor Abbe's in this 
case) upon a short piece of tube, which fits iu the rotating .suV)-stairr. 
On opposite sides of this tube, and at a distance from the lower lens 
equal to the focal distance of the combinations, slits are c\it out 
through which a slip of stout cardboard can be pissed across anrl 



below the lens. In tlie cardboard, holes of various sizes, and at 
\'arioiis distances from each otlier, may be [)ierce<l according to 
pleasni'C, lly sim})lv jiassiug the slip through the tube, tlie pencils 
of light admitted through the holes (which form images of these 
holes in the upper ftK'al plan<‘ of the objective) are made to traverse 
the iiehl of view, and l»y lotatiiig the sub-stage the wht)le fare of tlie 
lens is swept, and thus searched in any direction retpiired. But hei e. 
again, the spherical aberration of an imcorrected condenser would 
with an ohjwtive of lai'ge a[)ei‘iui'e, cause the ()blii|Ue ])eiieils 
under some conditions to pass under the oViject; and alteintion of 
focu.s will not properly alter this- -at least without a disturliance of 
tlie focus of the objective. 

WJieu an instnuuent is not provided with a i‘otatiug suh siagc. 
it is snificient to mount the coiulenser on a piece of tubing, w I lich 
may slide iu 1 he setting always provided for the dhqdiiagni on llic 
under side of the stage. 

Card diapliragms for experiment may be placed u}H>n the to]i ol 
a thin piece of tube (open at both ends) made to slide inside thit 
which carries the condenser, and removable at will. By rotating 
thi.s inner tube the pencils of light will he imnlc to sweep round in 
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tho field, and thus permit each part of the central or pei-iplieral zones 
til be brought into play. Against tlte accurate Aaliie of this, iontin. 
the spherical aberration of an uncorrected condenser would st]'on»dv 

ojierate. 

Abbe’s Test-plate.— This test-plate is intended for the cxaunbia- 
tiun of objectives with reference to their eoiTections fnr sphei-ical 
;iiid cliromatie aberration, and for estiiuriting the thickness of the 
('tiver-gla.ss for which the spherical ahei'ratioii is Irest coi rcc'ted. 

Tlie test-plate consists of a sei'ies of cover-glasses, vaiudir^ in 
thickness from 0'09 mm, to ()-24- mm., silvered on the under surfice- 
Liiid cementeil side hy side on a slide, the 
thickness of each being marked on the silver 
tiini. (noups of parallel lines are cut through 
rlie liims, and these are so coarsely ruled tliat 
they are etisily resolved by tlie lowest powers ; 
vet from the extreme thinness of the si h er 
tliev also tbi'iii a \'ei'y deli(‘ate test for objectives 
(if (‘YOU the highe.st power and widest aperture. 

The test-[>late in its natural size is seen in fig. 

.Til. and one of tlie circles enlarged is seen in 
tig. .‘{-hi. 

To examine an objective of large aperture, the discs must be 
l<K-n.s.sod in succession, observing in each case the (juality of tlie 
ii!i;ig(:' in tlie centre of the field, and the variation produced hv 
using alternately central and very oldiqne illumination, 

W hen the objective is perfectly corrected for spherical aberration 
fnr tin* particular thickne.ss of cover-glass under examination, tlie 
niitliiies of the lilies in tlie centre of the field i\ ill be jierfectiv 
.'liurp l)v oblique illumination, and without anv nebulous doubling 
<i)' imlistinctncss of the minute iricgulaiitics of the edges. If, after 
t'xadly adjusting the objective for oblique light, central illumination 
is us(‘(], no alteration of the focus sliould he nece.ssaiy To .slum tin-* 
'iiitlhies with equal .sharpness. 

If an objective fulfils these conditions with any one of the discs 
it is free from splievical aherration when usi'd with cover-glasses of 
tliiiT thickne.ss. On the other hand, if every disc shows nelmlons 
'leiililiiig, or an indistinct ap[)earance of the edges of tla> lines witli 
"Mi(pie illuiuination. or if the objective requires a different focal ad- 
jiistiiient to get equal sharpness wltli (‘(mfial as with nl>li(|ne light, 
tlirii tlie spherical correction of tlie objective is mor(' or less im- 
lerfVct . 

^eb||lous doubling with oblhjue illumination indicates ovm'- 
'^||■|•e(■ti()n of the marginal zone ; indistinotne.ss of tJie edges without 
iicirki'd iiehulosity indicates iinder-i'onvction of this zone ; an 
iteration of the focus for oldiijue and centinl illuiiiinatiou (lliat i.s, 

■' <1 life i'( ‘lice of plane between the image in the peripheral and central 
of the objective) points to an absencix of concurrent action 
.separate zones. whi(‘h may be (lue to either an a\erage under- 
''t (ivci'-correction, or to irregularity in the convergem'e of tlie rays. 

fli<‘ test of cliriuiiatic correction is ba.sed on tlie cliaracter of the 
‘'^'loiiv bunds wludi are visible by oblique illumination. With good 
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coiTPftion tlu‘ edges of the lines in the centre of the field shoiil.] 
sho\\' oulv ) 111 ri’ow colon I'-hnnds in the coinplenientary colours oft):, 
secondary siiectvnin. namely, on one side yelhw-gveen to npplc-greeu. 
ami on the other, violet to rcrse. The more perfect tlie correction (,r 
tlio splierical aheri-ation, the clearer this colonr-baud appears. 

To obtain nhli(juity of illumination extending to the marginal 
zone of the ohji'ctive* and a rapid interchange from oblique i,; 
central lii^ht, A i)hc's illnminating apparatus is manifestly defectiw 
an lurount of its spherical aberration. AVe want at least l)ls 
achromatic condenser. For the examination of orchnary imimu’si.jn 
ol)jectives. the apertures of which are. as a rule, greater than is<r^ 
in' ar(; (1*00 X.A.), and those homogeneous immersion ohje(‘tivc> 
winch considerahlv exceed this, it will he necessaiy to bring llu- 
under surface of the 1est-]ilate into contact with the upper lcll^ 
of the illuminator by means of cedar oil, even if water-imnie)-si<,ii 
objectives are used. We may add, as a nmtter of experience, tliat 
haviim once centred the light and tlie condenser, we hold, with 
deference to Dr. Abbe, that the light should on no account hi* 
touched, whicli, to obtain obliquity, he advises by mirror clianges. 
Wt' believe that this should be secured solely by llie movement of the 
iUaphragui. 

For the examination of oVqectives (-tf smaller apertui'e (less tlian 
40- to 00 °), we may oldain all the necessary ilata for the e.stimatioii 
of t Vie s]iherical and cliromatic collections by placing the coiicavr 
mirror so far laterally that its edge is nc'arly in the line of the oplit* 
axis, the incidcut cone of rays tlien only filling one-haif of the a]iei'- 
tnre of the ohjective, by which means the sharpness of tlie outlines 
and the character of the col our -bands can be easily estimated. 

It is of fnmlameutal imprmtance, in employing the test-plate, to 
liave brilliant illumination and to use an eye-iiiece of high juavev. 
With oblique illumination the light must always lie t.ln-own peipen- 
dicnlarly to the direction of the lines. 

AM\en from practice the eye has learnt, to recognise the finer 
dillerenccs in the qualily of the outlines of the image, this metlioil 
of in\ estigation gives very trustworthy results. 1 )ifterenees in the 
tiiickness of cover- gla.s.ses of O'Ol or 0 02 mm. can he recognised with 
objectives of 2 or 3 mm. focus. The quality of the image outside 
the axis is not dependent on spherical and ohromath; correction in 
the strict sense (.tf the term. 

iiidistiuetucss of the outlines towards tlie bordei's of tlie fiehl el 
■view arises, as a rule, from unequal magnification of the difleivnt 
;zone.s of the objective: colour-hands in the peripheral portion (\iitli 
good coloui’-correctiun in the middle) are always caused by uneqUiii 
magnification of the different coloured images. Imiierfections ot this 
kind, improperly called ‘curvature of the field,’ are shown lu a 
greater or less extent in the best objectives, when tlieir a}>erturc is 
considerable. 

Testing an objecti^■e does not mean seeing the most dohrate 
])oints in an object ; it rather means the manner in which an ol jert 
t)f some size is defined. 

A test for low powers np to ^ of 80° or A. A. *05 is an object ‘>a 
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•t (liirk ground. Nothing is so sensitive. For the lowest powers 
me of the smaller and mure deliwite of tlie Pohfmtum, heeause it 
uikes light well, is good. For medium powe)s a eojirse diatom, a 
Triceraimm jimbrkduvi^ is excellent; for unless an t)l)iective is well 
miTCcted the image will he fringed and surroundeil with scattered 
light, and the al)erratiou produced hy the cover-glas.s is plainly 
iiianifest, and l.)y accurate coj'rection can he done away. 

Error of centriwj is one of the special flefocts of objectives 
which the Ahhe method of testing does not cover. Hut if we jilace 
;i sensitive object in a certain direction, and when the best adjust- 
ments have given the bc.st image, rotate that object tlirougli an angles 
of y0°, only a welhcentred ()hjecti\ e will give an uiiidteied image 
rlu-oiighout. If not well centred it will at certaiu parts grow 
fainter or sharper. The most useful image for this pur[)ose with 
medium powers is a hair of Pohjxenm hg^ivnn mounted in b.ilsam 
pi‘(iuti.spieee, hg. 6). 

For higher powders nothing siii'])asses a podura scale, fii this 
|t;irti(mlar it has alw'ays been of gre;it value to optit'ians. It s])ould 
Itc strongly maike<l, and must l)e in optical contact with, (he cover- 
glass ; this may 1)e tested lyv means of an oil-imme>-siou and the 
•vertical illuminator.’ 

The objectives of widest aperture are no-,v mor(^ easily tested, 
because homogeneous condensers with much wider aplaiiatic areas 
;U‘e now, as we have seen, made by the leading English and 
Continental opticians; and there is little doubt but that tiieie is a 
considerable future before homogeneous condensers. The best that 
<-;in be done is to take a diatom, such as a Cosciuodiscus, in balsam 
with .strong bsecondaries ’ (Plate 1. ligs. 3 and 4), witli the largest 
;i[i!anatic cone that can l)e obtained, which at present can lx* best 
uccomplished with a semi-apochromatic oil-immersion condenser of 
I :1 X.A. It must be a good olijeetive indeed that does not show 
>igus of 1)reaking down under tliis strain. An illuminating cone 
<if X.A. I'O is lu'obably just below the point of overstrain witli the 
best lenses at present at oui' disposal. 

Trstimf lenses therefore resolves itself into the following methods, 
viz. : — 

1. For low and medium powers : dark ground with a Polycistina 
or ;t diatom, according to the [K)wer. 

2. Centr'iiuf for medium powers (an ordeal iioi needful tor very 
law |inwers) should l)e by means of a hair of Pohf-renns Ut<jnrns, em- 
I'inyiiig a illuminating cone. 

3. Centring for higli powers : l)y means of ])odiira scale, 

I. Definition: witli wide-angled oil immersions, ('oscinrulkcns 
xxUu'ornphidns with wide-aiigled cone detaining sliarp, hrilliant. 
aiitl clear view of bseeoiidaries,’ or coarse specimen of koncnld 
I'lrifiihoides. which mav be mounted in a dense uuslium. In 
testing a lens it does not so much matter what the object is. bec'ause 
I lie real test lies in the ability of the lens to .stand a large direct 
:ixiid cone. A lens of very great e.wellencc will stand ;i ;^ths cone. 
;ui excellent lens a Jths cone, an indifterent lens only a \ cime. while 
X bad lens will not even admit the use of that. A dark ground is a 



390 


OUJECTIVES, EYE-PIECES, THE APEETO^IETER 


very seA'ere test, as it is of tlie nature of a full eoiie, so to speak, au; i 
only the lower poweis will stand it. If a dark ground is rctpiirc:! 
with the higher oljjectives it can ho obtained by using an oibiinim-i' 
sion condenser, but the aperture of the objective will have to t„ 
reduceil by a stop. 

The apertometer, as its name implies, is an instrument for me;,, 
snriin' the aperture of a mkrompic ohjectivE. As correct ideas oi 
apertni'e have only obtained thiv- 


A 



Fit:, m. 


l)ractieal, we .shall be pardoned for 
tion ill endeavouring to explain t 
manner that only a knowledge of ^ 


ing the past few years, it mav lu' 
inferred that apertometers con 
.sti'ucted before tlie definition of 
aperture was given and acee|iti-(1 
were crude and practicallv unc 
less. 

The conti'oversy on the ‘ ajK-r- 
turo question,’ which was in Cull 
operation some eighteen yem.s 
since, is not an altogetlier sati.s- 
factoi'N page in the hi, story oC 
tlie modern iui<‘ro,scope, and Cor 
many reasons it is well to pa.<s 
it unolrservantly l>y. It will 
suftiee to state that during iu 
pi'ogress an apertometer ivas da- 
vised by R. B. Tolies, of Amecic.i, 
wliich accurately measurod llu- 
true aperture of an objective. 
About the .same time Professor 
AIrhe gave his attention to tin- 
subject, and with the result, as 
we liave seen, that he ha.s givon 
a definite and periuaneiit meaning 
to luiinericrd ((perUfref making 
it, as we have seen, the equiva 
lenf. of fhe mathematical cxjires- 
sion n sine a. a being tlie refrac- 
1i\e index oC the medium, ainl " 
half the angle of aperture.^ 

The applicafiion of this for- 
mula to, and its genei'al lie.aring 
upon, the diffraction theory of 
microscopic vision has been git cn 
in its proper place; but as llic 
aim of this manual is thoroiighl}' 
even a small measure of repeti 
lie use of this formula in siicii a 
imple arithmetic will bo required 


' A knowlctlge of the iiieaniiig of the tngonoiuetrical expression ‘ sine ’ i> 
nccc'ssniT in solving any of tlie following questions. As tlie values are all fomnl j'> 
tables, it is only necessary to caution those who are unacquainted with the ipe oi 
mathematical tables to sec that they have the ‘ natural sine ' and not the ‘log sine,' 



SIMPLE ILLUSTRATIONS OF THE USE OF N SINE U 391 


U) enable the student to work ont any of the problems whioh are 
likely to arise in Ills ja'actical work. 

\Ve cjin best accomplish this liy illustration. 

(i) If a certiiiii dry objective has an angular aperture of 60°. wliat 
is its xV .A. {i.e. numerical aperture) ? 

All that is needful is to fiinl the value of n sine n ; in this case 
//=tlie refractive index of tlie inedimn, which is air, is 1 ; and w, 
which is lialf of ()0°=30° opposite 30° in a table of natural sines/ is 
•,') ; sine therefore =’o, which multiplied by 1 gives *6 as the 
X.A. of a dry objective having 60° of angidai- a[)eriure. 

(ii) What is the A, A. of a water-immersion whose angular 
:H)erture=44°? 

n here—l'Hd, the refractive index of water ; and or lialf 44% 
is 22°, Sine 22° from tables=;'37o, wliich multiplied by l-3:3=‘r> 
(nearly), whicli is the X.A. required. 

(ii'i) What is tlie X.A. of an oil -immersion objective ha^■ing 38V° 
of angular aperture 1 

ji the refractive index of oil, whicli is eqmd to that of crown 
<rlass, is 1‘02; 'a — 19:[ and sine ti, from table='329, which multi - 
[died by l'r>2=’o, 

Tiius it is .seen that a dry objective of 60°, a water-immersion of 
44"-. and an oil-immersion of 38^° all have the .same X.A. of •o. 

It will he well, perhaps, to give tlie converse of this metluxh 

(iv) Jf a dry olijeetive is -6 X.A., what is its angular aper- 
ture ? 

Here hecau.se n sine a = -5, sine = ; the objective being 

(]i'v. vi=l. therefore sine = Opposite 'O in the table of natural 
sines is 30°; hence a = 30°. But as v is half the aiigular’aperture 
of tlie olijective, 2a. or 60°=the angular aperture required. 

(v) What is the angular aperture of a water-immcr.sioii objective 
wJiose X.A.='o ? 

Here h=1-33, n sine a = -r) ; sine ; 

7^=22° (nearlv) from tallies of sines; 2a=44% tlie angle re- 
(piired. 

(vi) What is tlie angular a})erture of an oil- immersion objective 
ufaaX.A.? 

Here >i=i'02, n sine a = ‘0 ; sine a = -^ = |7^=‘329 : 

//r=19-}- (by tables of sines); and 2a = 38}j, the angle required. 

We may yet further by a simple illn.stration explain the use of 
7 / sine a. 

In the accompnnving diagram, fig, 333, lot n represent a vessel 
of glass ; let the line A he perpendicular to the surface of tlie watei' 
U j); siippo.se now tliat a pencil of liglit impinges on the surface of 
the water at the point where the perpendicular meets it. making an 
angle of 30° w-ith the perpendicular. Tins pencil in penetrating the 
wafer will lie refracted or bent towards the peiqteiidicular. The 


1 Vide Appendix A to this voliime. 
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problem is to find the anf^le this peiicdl of light will make with th. 
per])endienlrti' in the wtiler. 

To do this we must remeniher that n sine n on the air side i . 
e(|Uid to /d sine a' on the water side. Thns on the air .side ?i=;j 
and by the tables of sines sine 30'^= -5; consequently oi 
the air .side we have a sine v — -'d. 

On the ^vater side iA'=l'33, and u' is to be Ibund. But a-. 

... • /■ . , n sine u ’5 

ft sine n ~ n sine a, theretore .sine u' = - = = . 

n l*3d 

which (as tlie tables show) is the natural sine of an angle of 
(nearlv) ; consequent ly \ so the pencil of light in pa.ssin- 

out of air into water has been lient 8Mroiu its original direct ion, 
CV)n\ersely a pencil in water, making an angle of 22" with tlic 
]ter|iendicular, would on emerging from tlie water he bent in air S 
ftiriher ao'dif from the [)erpendiculai-j and so make an angle of lid 
witli it. 

Now if we suppose that these pencils of light revolve roiuid ila 
jHU'pendknUir, cones mould he described, and we can readily see tlint 
a solid cone of (it)" in aii' is the exact equivalent of a solid cone of 
44' in water. 

If we furtluT siqtpose that the water in the vessel is replaced bv 
cedar oil, the pencil in air, remaining the saine as before, will, wlien 
it enters the oil, l)e lient more than it was in the watei-, liecau.se rlic 
oil has a higher i-efraetive index than w'ater ; n in this case is etpial 
to l’o2. 

The exact, position of the [xnicil can lie determined in tla 
.same iiiauner as in tlie previou.s case. On the aii' side, as liefoir*. 
n sine a = '5 ; on the oil side /// sine >d = a sine u ; sine n' = 

which (by the tables) is the iiatura) sine of 

19|“. It follows that the pencil lias been bent in the cedar oil ll)'| 
out of its original course, and a cone of b(V in air becomes a cone of 
38 !>^ in cedar oil or crown glass. 

Finally, it is instructive to note thei'esult when an incident pencil 
ill air makes an angle of 90' with the [lei-pendiciilar : n sine a become^ 
unity, and u in water 18;| , in oil 41' (nearly) ; consequently a (•(•nr 
of either 97i” in water, or 82} ' in oil or crown glass, is the e.nivi 
eqnivo.leni of the. n-kole hemisphermd radiani in air. In other words, 
and to vary the mode in which this gi'Ciit truth lias been before 
staled, the theoretical maximum ajierturc for a dry lens is equiva- 
lent to a wator-iminersion of 972' oil-immersion of ^2} 

angular aperture. 

The last problem tliat need occupy us is to find the angulai' 
aperture of an oil-immersion which shall be equivalent to a w.-it-rr- 
innnersion of ISO*^ angular aperture. 

On the water side n — 1'33, v. = 90'^'', sine 90' = 1, a .sine (/= 
1-33. On the oil side n' = rr)2 and a/ has to be found. 

< , • t ’ 4.1 r ■ f H sine if 1 

As id .sine a = n sine a, therciorc sine a- = 

’)V I* eL 

= •H7-j; a! = 1)1" (nearly) by the tables; 'ltd = 122'’ (nearly), 
the angle required. 
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It thus fippenrs (1) that dry and iinniersio]! f>hjectives liavin*^ 
■ lift'erent angular apertures, if of the sjoiie tquh'nlent are 

• lesigruited l>y tlie same teian. Thus ohjectives of GO' in air, or 14' 
,11 wither, or 38^° in oil, liavc identically the same ajierture, and aia* 
known by tlie same designation of ‘5 X.A. 

(2) The penetrating power of any objective is [iroportional to 

^ , and its illuininating power to (X.A.)h Therefore, if we 

,((iul)le the X.A. we halve- the penetrating power, and increase tlm 
illuininating powei' four times. 

Til comparing the penetrating and illiiminating powers of ohjec- 
livcs. howevei-, care must be taken to avoid a popular error, bv 
making them between objectives of different foci. 

It cannot, for example, be s;hd that a ^-incli olijective of -8 X.A. 
lias half the penetrating power of a Viiicji of '4 X.A. Xeitlier can 
it be said that it lues four times the illuminating ]>ower. What is 
meant is that a i^-inch of ‘8 X.A. has half the penetrating and four 
times the ilhiminatiug power of a |-in(“li ohjeotive of *4 X.A. 

But because [icnetrating and illuminating powers diminisli as 
the s<piare of the foci, a Viiich olijective of "G X.A, ha.s four times 
tlie illuminating and nearly four times the penetrating power of a 
I -inch of ‘6 X.A.; hut these conditions only hold when a full 
illuminating cone is em])loyed, in other words, when the hack lens 
of the ohjeotive, as scon when the eye-[)iece is reinox ed, is full of 
light. Thus if a small cone of illumination is used with the o-incli 
(il)jective of ■() X.A., its illuminating power would he much 
(limiuished, while its penetrating power would lie much increased. 

Tlie old nomenclature, in use befoi’e numerical aperture wa.s .set 
lia[ipil}' introduced, did not of course admit of comparisons of [lene- 
tiating and illuminating powers by inspection ; which, however, is 
li manifest advantage, contributing to accuracy and precision in 
importaiiL directions. 

(3) It may [>e well, for the sake of conijiletencss, to repeat ^ liere 
that the resolving power of an objective is directly pro]invtional to 
its numerical a iiertnre. If we double the X.A. we also double tlie 
resolving power ; and this not simply witli objecti'. es of the same 
foci, as in the ca.se of [leuetratiiig and illuminating ] lowers. Thus it 
is not only true that a Ij-inch objective of ■() X.A. resolves twice as 
lanny lines to the inch as a ^-inch of '3 X.A.. but so also does a 
-kincli of 1'4 X.A. resolve twice, and oiilv twice, as manv as a j -inch 
of 7 X.A, 

Within certain limits, then, tlie advantage lies with long foci of 
i\ide angle, because we thus secure tlie greatest resolving power 
with the greatest penetrating and illuminating })owers. 

From wdiat has here been shown, then, it becomes evident that 
the employment of the ndciuscope as an instrument of precision is 
largely due to Abbe's work, and that the introduction of numerical 
a|icrture, with its strictly accurate meaning, lias l)ee]i a practical 
>ain of untold value. But this has been greatly enriched by his 
hat ing introduced a tlioroughly simple and useful apadouickr. This 
^ Cliai)tci' 1, 
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involves the .sjiino that of Tolies, bnt it is caiTied out io 

a siiii])ler manner. 

Ahhe’s instvnineni is presented in tig. ;134. It will be seen thai 
it consists of a tiat cylinder of glass, about three inches in diameter 
and half an inch tluck, with a large chord cut oti' so that the porti(ni 
left is souieuliat more than a semicircle ; the part where the segiiieii' 
is cut is bevelled from above downwards to an angle of 45", ami it 
will lie seen tbat there is a small di.se witli an aperture in it denoting; 
the Centre of the semicircle. This instrument is used as folhuvs:^ — 

The micro.s<-ope is placed in a vei'tical position, and the ajievto 
meter is placed ujxm the stage with its circular part to the front 
and the cliord to the back. Diii'used light, either from snn or lamp, 
is assumed to lie in front and on both sides. Suppose the lens to 
be measured is a dry |dueh ; then with a 1-iiicb eye-[>iece having a 
large held, the centre ili.se with its aperture on tlie apevtoiueter is 
brought into focus. The eye-piece and the draw-tube are n(n\ 
removed, leaving the focid arrangeinent undisturbed, and a lens 
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supplied with the a])ei'tometer is screwed into the end of tlie draw - 
tube. Tbi.s lens witli the cye-})iece in the draw-tube forms a 
low-power compound microscope. This is now inserted into tlie IkxIv- 
tuhe, and tlie hack lens of the objective wliose aperture we desire 
to measure is hronght into focus. In the image of tlie hack lens 
will be seen stvetebed across, as it were, the image of the circular 
part of the apertometer. It will appear as a bright baud, bcni use 
the light which enters normally at tlie surfico is reflected hy tlic 
bevelled part of the chord in a vertu’al dii-ection, so that in reality 
a fan of 180° in air is formed. There are two sliding screens seen 
oil either side of the figure of the apertometer ; they slide on thr 
vertical circular poition of the instiaiment. The images of tliesc 
screens <.<an be seen in tlie image of the bright band. These. 
sJwidd now he moved so that their edyes jast toach the perijy/wrif of 
the hack lens, Tiiey act, as it were, as a diaphragm to cut the tiu 
and reduce it, so that its angle just equals the aperture of the ohjec- 
t ive and no moi'e. 

Tliis angle is now deterinined by the arc of glass between the 
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screens; tlnis we get iiti nngle in (jUm tlie exiiet equivalent of tln^ 
;q)ertnre of the objective. As the ninvievicii] apertures of tliese ares 
ai-e engruveil on the apevtoineter they can be read off by inspection. 
>'evertljeles.s a difticiilty is experienced, from the fact tliat it is not 
easy to determine the exact point at whicli tlie eilge of the screen 
touches the periphery of tlie Itack lens, or, as we piefer to designate 
it, the Umil of (qycrture^ for, curious as this exjivession may appear, 
we have found at times that the hack lens of an objective is larger 
than the aperture of the objective re/jiurefi. Jn that case the cilges 
of the screen refuse to touch the j)erip]iery. 

On the whole we have found that a far bettor way of employing 
this instrument is to it in connection icilh a gradnated rotar>/ 
dage, the edge of the flame of a paraffin lamp being the illumi- 
nator. 

Thus; Set the lamp in a. direction at laght angles to the c/iO/v^ 
of the ajiertometer, and snp[>o.se tliat the index of the stage is at 
The edge of the flame will be seen in the centre of the bright liaiid. 
The sliding screens being dispensed witln rotation of the dago null 
cause, the imago of the flaine to tl■a^•cl touai'ds tlie edge of the 
aperture; rotation is continued until the image of the flame is lialf 
extinguished % the edge of the aperiare.. the arc is then read, aiid 
the same thing is repO'ated on tlie other side, and the mean of the 
readings is taken. 

Jf the stage rotates truly, and if the instrument is })vo}ierly set 
ii[), tlie rp.ading on the one side ought to ho identical with that on 
the other. 

Suppose tliat the sum of the I'cadings on both sides = (iO®. the 
mean reading is consequently 30°, wliich is the semi -angle of a[)erture 
of the lens in glass. From this datum w e lia\'e to determine the X.A. 
of the dry ;[-inch as %vell as its angular apeiture in air.* 

(i) As before, M.A.= ;( sine o, and a sine a = n' sine // : 
which means that the ajierturiMin theair side iseqnal to the .-qaitin'e 
on the glass side ; u = I for air ; n' = ^ -(ilo, the refractive imlex of 
the apertoiiieter ; a! is the mean angle measured, wdiich in tliis ea.se 
is 30° ; and n sine a. has to be found. 


Xhw sine 30° = ‘5 (by the tables) ; //sine ?/ = I'fllo x sine 30° 
= 1 '01 5 X '0 = ‘8 = //: sine n = the X'.A, recpiired. 



nearly (liy the tallies) ; 2// = which is the angle reipiired. 

(iii) 1f it 1)0 a u:ater-innnerswa we have to deal with. su])po.sH 
the jnean angle = 45° =// ; sine 45® = -707 (hv the tallies); n 
= ]‘33 ; and // = 1'615. 


n sine u = n sine a = 
(iv) Again, sine a- = 


1'(j15 X '707 = 1'14. the X.A, reqnire<l. 
hie td l-fll5 X '7*17 


(hv the tallies) ; and 2i/ = 1 18*,°, the aimde reijnired, 

(v) In the case of an oil-iininersioti, suj>pose the iiieaii angle 


Vide p. 2 et seq. 
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_ (* 0 o _ 60° = -806 (1)}^ the Ubles) ; n — 1-52 ; u' = ROlri . 

II sine ir- = ii' !<inc u' = I'Olo X ‘860 = 1-4, which is the X.A. 


(vi) Again, sine w = 


1*615 X *866 _ 
1-52 


// = 67° (by the tables), 2w, = 134°, the angle veqnii'ed 
It is niaiiif'est that if the refractive index of the apertonieti*i 
(Wjiials that of tlie oil of cedar, the mean angle measured is the semi 
angle of aperture of the objective, and its sine multiplied by that 
reti'active index is the numerical apevtnre. 

I’his will 1)0 found the more accurate and universally applieal)],. 
methoil of measuring the apertures of objectives, as the extinctioi, 
of the liglit shows juecisely vhen the limit of aperture is I'eached. 

Powell and Lealandh stands lend themselves admirably for \im- 
with tlie apertometer. The body being removable, the lens ean he 
jilaced in the upper pait of the nose-piec’e, aud any measureiiiem 
eaii be aeeurately made. Wo would advise every iiiicroscopist tn 
master the u.se of this admirable instrument, and to demonstrate for 


liiinself the a|)erture capacity of his lenses, that he may know wltii 
precision Iheir true resolving powers. It will facilitate this tint 
Air. Nelson has shown (' flourn. ll.AI.S.’ 18116, p. 592) that the use of 
the internal lens is not re(piire<l ; the point of rotation of the stage 
when the edge of the dame is eclipsed by the limiting aperture of 
the ol)j<‘ctive can be readily observed by means of a low-power 


juece. 


Wlien tile ;q)|)ai‘atiis is accurately set u]) in Ihe manner described 
above, tlie exact point is indicated by the dark segments comiug 
across the field of the eyeqiiece. One dark segment will be fouml ta 
.•idvaiice slowly from one side, and then when the precise [joint of 
rotation of the stage is JeaiTied the other dark segment will come in 
from tlie other side and meet it. For this purpose the glass di>{' 
with its refractive index only engraved upon it is ahme requireil 
Alo.ssr.s, Zei.ss siqijily this at a much lower cost (25s,) tlian the 
eugi-aved di.se and the supplemeuiary lens. 

lloucliePs circular .slide rule is a. couveuient adjunct to tlir 
a[)ortomettT. for the N.A. can be read oft’by ins[)ectiou without tiu' 
necessity of looking out sines or making calculations. 
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CHAFrEIl Yl 

VRACriCAL MICBOSCOPY: MAYIPULATIOX AXD PBESERVATION 
OF THE MICIWSCOPE 

Without atteiiiptiiig to occupy space with a discussion of the (pies- 
tioii of the l•i;S^ht of " niicroscojiy ’ to he considered a science, wo may 
venture to affirm that it will be but a I'ecognition of jjT-aetical facts 
if we claim as a definition of 'mimjscoj)t/ tliat it ex |)r esses, and is in- 
tended to carry with it, all that belongs to the science anil art of tlie 
iiiicroscope as a scientific instrument, Imving regard equally to its 
theoretical jninciples and its pr/ictical working. Hence 'piaetical 
iiiicro.scopv ’ will mean a discourse (Jii, or discussion of, the iiietluxls 
(if employing the nii('ros('()pe and all its simplest and more conqdex 
:i|)[iliances in the most perfect Dnanner, based alike and equally upon 
theoretical kiiowlodge and practical experience. 

On this condition a Mnici'0.scopist ' means (or at least implies) 
one who, understanding ‘microscopy/ a])plies his theoi-etical and 
practical knowledge either to the further inpn'ovoinent and jierfec- 
tidu of the instrument, or to such In'.ajiehes of scientific research as 
he may [>rofitahly employ his ‘ niicro.scopy ‘ in prosecuting. ]Ie is, 
ill fact, a man enijaloyirig sjiecialised theoretical knowledge and 
practical skill to a [larticular scientific end. 

Hut a Aiiicroscopiml socie(/E h\)f> noble d-ctr(^. l)ecause 

it is estahlishoil, on the one hand, to pi-omote — without consideration, 
nf nationality or origin — improyemeuts in tlie theory and practi<*al 
(■(instruction of both tlie optical and mechanical parts of the micro- 
scope. and to eiideayour to \yiden its application as a scientific 
instrument to eyery depaitment of human knowdedge, recording, in- 
vestigating, and discussing every relineiiieiit and extension of its 
iqiplieatioii to every depart merit of science, 'w hetlier old oc new. 

In this sense no more practical definition of a •microscopical 
society’ can be given than is contained in tlie invaluahle pages of 
the ‘ journal of the Koval 'Micvo.scopical Society’ from the end of 
l^'HO to the present day ; and no lietter justifieittion for the existence 
of such a society can he needed than is afforded by the work done 
dii'ectly or indirectly by it, in inciting to and [promoting the tlieo- 
rctical and practical progression of the in.strument and its ewer- 
wiilening applications to the ex[)auding areas of natural knowledge. 

Tn this claqiter n e propose to discuss the best practical methoils 
of using the instrument and its appliances, the theory ooncei'ning 
'vhich has already been discussed, while the mode of applying tliis 
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knowledge to Dinlogic-iil'and other investigations is entered upon in 
tlie sul>sC'fjiient rliapters of tlie book. 

'I'o bf'gin liis work with suecoss- -if his object be gcmiine work— 
the st udent innst; be [a’ovided with some room, or portion of a, room, 
wliieli lu^ can liold sacred to his purpose. ITuless special investi^jn 
lions are undertaken, it is not a large area that is required, but :i 
space commanding, if possible, a north asjieet, and which can Ik- 
arrang(*d to readily exclude tlie ilayliglit aixl comnmnd complete 
darkness. 

'Die first requii'ement will be a HuitdhlH tnlile. 

This should be tboi'ougbiy /r/a, a ml it should be reciamf ular i„ 
sh((p<\ A round table, if small especially, is most undesirable, as it 
oilers no support for the arms on either side of tlie instrument; and 
\\ ith prolonged work this is not only a sei'ious, hut an ah.so]nt(dv 
fata) defect. ^ 

In a rectangular table tlie centre may be kept clear for micro 
si-opical work, while there are two corners at the back, one on tin- 
left and the other on the right hand. The former may be used for 
the locked ca.se or ghis-s shade for protecting the instrument when 
not in use; ami wlien it is in use, it in no way interferes witli the 
usefulness of the talde. In the same way the right -haml coiner mav 
he nse<l for tlie cabinet of objects which is being worked, or the 
apparatus needful tor use. 

The most important part of tlie talile — that is, the middle, from 
trout to liack — should lie kept quite clear for the purposes of miiih- 
]'ulatiou, ami a sufiicient space should be kept clear on either side of 
the instrument for resting the arms, and no loose pieces of appaiatiis 
should ever lie depo.'^ited witliiii those spaces. This .soon becomes a 
liahit in practice, for experience teacdies — sometimes painfiillv, hvtlic 
unwitting destruction of a more or less \ ahiahle appliance. 

The s[)aces to tlie right, beyond that left foi’ the arm of the 
o[)erator, ma\' lie used foi* the work iniiiiediately iu hand — espeeialh 
for a .second and simpler micvoscojie. An instrument with onlv a 
coarse adjustment and a 1-inch or a |-inch ohjective will sutlice. or 
a good dissecting-,stnnd will answer every purpose. Those who do 
much jiractical work will find such a plan more lapid and mon* 
ct}ici('nt than the cumbi'Oiis metiiod of a rotary nose-piece, esjiecially 
%\ here critic<*d woik has to he done. 

When work is being done in a darkened room tliere sliould he 
on tlie extreme light a small lamp with a paper shade. {Special 
.slmdes for tliis ])urpose can be obtained from llakei’, of Holborn.) 
This light may lie kept low or used for general illumination wlu'U 
required ; it is ne^■er obtrusive, and always at hand. 

A. similar space on the left hand sliould lie leserved for a small 
round stand fitted with a fiat cyliiidrieal glass shade with a knob on 
tlie to[i. d'lie stand should he .suiiahly ai'ranged to hold two eyc- 
jtieces. tliree ol)jecti\es, one coiulenser, a bottle of eedai'-oil (fittcil 
u 1th a, suitable pointed dipper), and a box containing the enndenscr- 
.slo]>s. This is a most useful arraiigemeut for such a table; and it 
need not Imve u diameter greater than nine inches. 

The si.'e for the top of s»eh a table should he 4ly X *1 feet, and as 
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[.n such as mounting or dissecting, maybe supposed to be done 
this talde, it is well to cover the surface witli morocco, tliat 
fring very pleasant and suitable to work u|)on. 

It sliould be remembere<l that for a full-sized microsc()[:e a depth 
(,f three feet is required for comfortable work When the micro- 
-i-ojie is set up for drawing,' the lamp l)eing used direct, 2 ft, 5 in. 
the narrowest limit in which this can be accomplished. 

Another point of much importance is the h.eujht of the, talk. 
(tidinary tables, being a))out 2 ft. 4 in. high, are too low even 
for large micro.seopes. Tiro or three inches higher tlum this will be 
{( Hind to greatly facilitate all the work to be done. It is lie.st to 
h;ive the table made (*oiiipletely. on thorougliiy solid scpiare legs, to 
the height of 2 ft. 7 in. ; but wc may emplov tlie glass blocks 
employed iin<lerneatli piano feet as an expedient. It is further im- 
portant to have the bible quite ojien underneatb, and not with nests 
of di'awer.s on either 
.-ide, becau.se with this 
povticular table it will 
Ik- frequently required 
that two jiorsons may 
dt side by side, which 
is onlv ]>o.ssib]e with a 
clear sjmee benetith. 

The accom[)a living 
ilhi.stratioii {fig, 335), 
with the ajipended re- 
Ici'cnces, will make quite 
clear the character of 
tlie table which wc ro- 
coiiimend, as well as the 
mode of using it. 

The table above de- 
scribed is siippo,sed to 
he employed wholly for 
general purposes of nle 
servatioii or research on holly or partially memnted objects. But 
tlie microseopist who aims at more than this will retpiireau arrange- 
ment for <Hssecting, mounting, and ariaiiging histological and other 
{ii'ci:aratioiis, ami in some cases a special table for general [uirpo.ses 
of microscopical biology. These are certainly not essentials, especi- 
ally if the work done is a mere occasional occupation ; but \\heie 
anything like continnity or [)erio(lical regularity of occnpiition with 
Mich work is intended, these will be of great service, 

A dlssectiny and mouiitiioj table is indeed nf inestiinahle value to 
those who affect complete order and cleanliness in the accomplishment 
of siu'li work. 

e have found in practice that a table firmly made, with a height 
of 2 ft. (3 in., semicircular in form, and a little more than half the 
‘■iivle in area on the outside, with the arc of another circle cut out 
h'oiu it to receive the person .sitting at work — mncli after the fasliion 
’ Cliap. TV, r. 287, 



Fit;. 3o5. — ’MicioseopisL’s table, 

(Scale, h inch to 1 foot.) 

1, Case for Jiiicroscopc ; 2. Cabinet for objects; 
;i Dliui'oseope lamp; 4, Lamp with shade; 
u. Stand of apparatus : 0. Booh ; 7. Large inievo- 
soope; 8. Second microscope; 1). Writing pad; 
10. Bull’s-eye stand; 11. Tught-mndificr. 
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of the jewelkn-'s l>enc‘li— servos athuirably. A rough suggestion ni; 
this is' given in fig. which presents the plan of the top of tli,- 
table. Tlie wliole area lieneatli should be unoccupied, but at A inii! 
1> drawers may be put, not extending nuu'e than four inches bel()\v 
the under surface of tlie top of the lable; on the side B a co\i|)li> 
of shallow dran ens, with everything required in the form of scalpels. 

scissors, forceps, pipettes, life-slides, kc. in the upper one. 
and pliers, ctritincj plkrs, simdl shears, files of various coai-seness('> 
and Jinenesses, Ac. in the other ; on tlie A side a single drawer con- 
tainiug slips, covers of various thickne.sses, hone, tin, glass, and othrr 
cells of all (assorted) sizes, icatch-glasses, stahihuj caps or shd 
lifters (if used), saw with fine teeth, hones of various shapes, penrUu- 
plate for grinding and iiohshing glass, kc., phUnnni capsule, camera 
luclda, three " Xo. 2 ’ sable brushes (water-colour), Ac, 

In this w!iy all that is needed foi‘ dis.section or mounting will ]»■ 
nitliin reach without moving from tlie chair; and if by an ai-rangi’- 



nieut wliicb most moderately ingenious manipulators could aci-oin- 
plisb. each of the articles in the drawers has a fixed jilace, there will 
be no difiiculty in finding by toucli wbat is n-anted. 

The table top may be of pitcli pine shiined black, or, .still bettei-. 
some very liard wood finislied smoothly, but ‘grev.’ 

The spaee iii the figure immediately in front of the ojierator 
may he cut out to a convenient size and thickness. A iliick }il;tTc 
glass slab whose edges on the right and left sides shall be .sliglulv 
bevelled, so that it may .sliile firmly into a prepared space cut iiiTn 
the sui'face of the table, should occupy this space, the surface bcin.L' 
exactly level ■with tlie surface of the table. This plate ofglass shouM 
he made black on its under side, so as to present a uulforni hlad 
«arface. This is often of great value in certain kinds of work, 
Et|ually useful is a parelp white unabsoihent surface, and a slab uf 
ichUe porcelain, may be easily obtained of the same size and be mode 
to fit exactly into the same place. 
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Jti u-sing tills table for dissection the arms liave comjilete rest, 
:iiid 1 in tlio figure would represent the position of the dissecting 
uiicroscope. 

*2 is a suitable position for a small easily managed microtome 
for general (chiefly botanical) purposes, We find that of Ryder ^ to 
aiisi'er this purpose admirably. 

:l is a small vessel of spirit (dilute) for use with t he section 


knife. 

4 is a stand of mounthiy 'media, in suitable bottles, n.s fUmada 
hfdsani in paraffin, or xylol, glycerine, &c., as well as small bottles 
rmyents for botanical or zoologi('al histology, foe. 

o is a nest of apertures in wliich to place jiartly mounted objects, 
to pj'otect them fn:>in dust, while the balsam, dammar, foe, may be 
hardening on the covei'.soas to bo in a suitidde state for final mount- 
ing, A slide may go over the sloping front of this and wliolly ex- 
clude dust, “ 

6 is a stand of cements, varnishes, foe., sucli as are needful ; and 

7 is a tvirn-tahle. 

For the work of dissection, when the suliject recpiii'es refieci cd 
light, one of the desiderata is a mode of illnmination at once con- 
veiiientand intense. Mr. Frank R. (Jhesiiii'e, F.L.S., foe., wliose work 
on ‘Bee.s and Bee-kpe|iing’ i.s a proof of knowledge and |)i‘;iclice of 
minute anabmiy, adopts an 
old plan which wc liave 

always found admirable. It ~ 

is illustrated in fig. 887. “ ” 

Rays of light from a lamp 
are p.arallelised by a bulLs- 

fVe fldl U])On an Abraham s Fn;. o37.— Mode of illuininalion for 

jii'ism and focaissed upon the dissection, 

ohjoct. The prism may be 

mounted on a long maiiv-jointed arm, and is ol must aried useful- 
ness. A StephensoiVs binocular is. we believe, employed by this 
genlleman, but it will serve admirably for any form of dis.secting 



instrument. 

For the more geueval purpose of the private laboratory u phui. 
jirii} table 4 feet (1 inches X 3 feet in area, of a suitable height for 
the worker, should bo fitted as follow s, viz. : if fig, 338 represent t])e 
rough plan of the table, 1 and 2 are gas fittings attached to the main 
to supply hhv'pipe, Bnvsen's burner, fo’c. 

4 is a small tube of metal attaclied to the u ater main, with a 
tap. and bent in the form of an inverted fj- the attached leg of 
the p the longer. This affords a pleasant stream of water for wasli- 
iiig dissection.'!, foe. ; and if the open, end he made u'lth a sereu', and 
I'nre a suitahhf mmle plees of tidlny fitted to screu' on to d. ilds latter 
">aii he, attached, to an hidmrnhhcr ta}>e, at the other end oj u'hich u'e 
mi>i fade.n fine ylass noxrdes, whicli will act as mish hottks ofi the 
Ji/iest bore, and serve with the finest dissecting work, 

a is a gla.ss trough for vaste, with a perforated a])erture, 0, con- 


■* Jo urn. li.MtS. new series, 1887, p, C83. 
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m‘eted with i\ waste-pipe, throiigli which the Wi\ste water, ite. flows 
innocuously away. 

3 represents the ])o.sitiou of' a Tlioma luierotomc, and A, ii are t wo 
well- framed flat slides, which may be drawn out eighteen inches, or 

pushed fully in. Thev 
are found at times to 
be of great servicr. 
where tlie s})ace is somr- 
\vd\at confined. 

This table may be 
fitted on one side (tlu- 
left) at least with a srI 
of drawers and shelves 
for receiving various u])- 
paratus and materials, 
with larger (piantitiosof 
staiiLS and reagents, 
iia I'deiiing, maeerat ing, 
and other maferi.als; 
while if a door covers 
the wliole. thelnnersidi- 
Fi(f. UriH,—] .alioi'atory tat)Ie for iiiici'osi'opical work, of this may he l eadilv 

fitted to receive drop- 
bottles ^ eoutaining all the stains, reagents, and similar materials in 
ennstant use. Tf tiiese be labelled with paper labels .saturated hi 

solution of solid pai af- 
lin in turpentine, aiai 
after the turpentine 
li.as evaporated firmly 
fixed on the bottle, 
they are very peiuia 
nent, and, iiideeil. 
better ilian anything 
we have tried save 
where the name of 
the contents is en- 
amelled or engraved 
on tl'ie bottle. 

It bas been .ah 
rea<ly pointed out 
that there are eomli 
Fi&, SiJ'J. — Tripod for usini'inici-ostope ill All tions ol i'e.seareli m 

upngbt ))ositioii, which the microscope 

has to ho in a enn- 

staiitly vertical po.sition, This was the ease with the researches on 
the saprophytic organisms made eonjointly lyv the [iresent Editor 
and l)v, J, J. Drysdale.^ It must always he the case where eeriain 
forms of contimioiis life stages are employed for ])rolonged or cim- 

* (diiipter VII, 

" Aro/itJili/ Minv, Joiirn. vols. x, to xviii. ; Journ. vol. iii- p* 1; 'a'. '• 

series ii. p. 177 ; vul. vi. p. VJc>; vol. vii. p. ; vol, viii, i). 177. 
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tiuiious observations on tlie <leve](j]iiiieiif of tlie ininutei fornis of 
life. 

In such cases the table is (jiiite imsnital)lej and special stands 
have to be emjdoyed tiiat from tlieii' form give great .stabilitv to the 
microscope, and afford the body aJid head of the observer as much 
command and ea.se in using tlie instrument ill this awkward po.sition 
as c;in be obtained. 

This is be.st done by means of a firmly made tripctd. witli a V' 
shaped piece at tlie toj) made to receive tlm feet of the microscope, 
Fig, d39 i.s an outline of the construction. The three legs of the 



I'k;. ant — Using tile uiicTOscope ia jtii ujaigtit position lor speciLil investigations 
necessitating its iise in tliis position. 

li'ipiKl are well made ;ind firmly Inaced fogeflier with metal rods. 
bA is the bed for the tripod feet of Powell and Lealaud’s large 
^tai)(L B is a table which slides to tlie level of A. A. or down to its 
j'l'csenl jiosition. This is mainly to receive the lamp. 

By tills arrangement tlie hoily can so place itself as to command 
die instrument fully, and there is an aiT.aiigcincnt at the two sidt‘s. 
A. A. to roeeive supports on which the arms may I'e.st i\ hen any 
''diei' iiianipulatioii than that, involved in working tlie fine adjust- 
'lietii ;ui(f Che milltal lieads of tlie stage is i'e(|uired. Tlie manner of 
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usiiJij tliis iirriingeineiit is soen in fig. 340. Tu that oiise, hawevev. 
the whole is einplovcil for the making of a camera lucida drawing 
witlmi ..k'inch ohjectivo; it is not a desirable position for geneml 
work, lait was absolutely needful for ihe kind of investigation being 
i)iirsiied ; and the jHisitioii of the basal tripod, the micro, scope iipf)!! 
it, the jiosition of the lamp (partly seen in the immediate fure- 
^U'ouml to the left), and the relative ease with Avliich the entire 
firstrument is at the command of the observer, will be manifest. 

In order to use the micvosco[)e siiccessfully. wc must iiave an 

ilhnniuation the inten 



Fio. 3-tl. — Laid]' tleviseVl by ^Ir. E. M. Nelson. 


sity of which rve, can 
fully rely on. ])a;ilHfhi 
has certaia qualities that 
iarolve, adcuntaijes at 
times, aud under s))ecial 
cii'nunstaiices, in its em- 
ployment. hut this is {hi' 
exception rather than thr 
rule. AVhat is nccdeil 
is a wolhniade lam[> wills 
a Hat flame; this wc 
should be aide to control 
with great ease as to 
height ami <listanee fvfnii 
the microscope. Xo- 
thing is eipml [maetically 
a Viiicli or a l-incli 
paraffin lamp ; this gives 
the w'hitest light artili- 
<Mally accessible save tla- 
higher intensities of flu* 
incandesiaart electric 
light. T]ut tliere is nm 
thing of this kind at 
j.U'escnt accessihle to tlu* 
stndeut. The emjiloy- 
ment of tlie edijf'^ of flu* 
ilame of a well-maiU* 
paraffin lamp used witli 
good ‘ oil ■ has no pivscnt 
rival. Its illuminatiag 
]>fnver should 1 k’ about 


2)^ candles, da.s is inueb yellower, and not so easy in employment. 

To get tbe best form of microscopiftd lamp is i\ matter of soiae 
importance. XVe call tlie attention of tbe reader to the he.st simple 
form of lamp which will accom]>lish every ])urpose. Tins is a moilci 
arranged by Xlr. Nelson, the drawing of wliieb is given in tig- 
341. The lamp burns paraffin and has an ordinary T, iuch wick 
burner. The reservoir is rectangular and flat, ;H x 4 x 1' : 't 
serves tlu'ee distinct purposes; 1st, it will hold sufficient oil I 0 hum 
for a whole day; 2nd, permits the lamp to lie lowm-eil near tlic 
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table; Snl, rat Hates the heat conducted l)y tlie metal chimney, and 
l^^irerents the oil boiling. The burner is placed at one angle of the 
reservoir to ennlde the dame to be placed very near the stage of tlie 
iiiicroscope, winch is exceedingly useful with some kind.s of illumina* 
rion, espcciidly witli reflected light, with tlic higla'i* [lowers, and for 
Powell and Lealand's super-stage condenser. 

The hole for filling the reservoir is [)laced at the diagonal corner 
for convenience. The (himney is metal, with .an ordinary 3x1 
gla.ss slip in front ; the diameter of the flanie-c]iaml>er should not 
exceed H inch, and the grooves holding the glass slip should pi‘oject 
[ iucli from the flaiiie-chainber ; the ajierture should he only H incli 
long; lengtli of chimney should be 7 inches. Chimney sliould l)e 
(leadddack inside. This chimney serves four pur[ioses: 1st, image 
Ilf flame is not distorted by stihe ami specks common to onlinary 
lrim[) chimneys ; "2 ml, prevents I'eflexion from inner surface of 
(iiinmcy, which causes a double image of flame ; 3rd, [ircvents 
scattered light iu room ; 4th, is not readily broken ; .slips can lie 
easily replaced.^ 

By rotation of chimney either the edge or flat side* of the flame 
may be used. The bnirs-cye is of Ilerschel’s form, \iz. monisens 
:ind crossed convex ; it is mounted on an arm n hicli robites cen- 
tralh' with the lamp flame. Unfortunately, a.s wc have seeji 
{p. 332), there are errors in Sir J. llerschers original caleida 
tion, and with those it has been copied by many opticians ; a lens, 
it has been <lemonsti’ated, can be made on the Hcrscliel formuL-i, 
:i,s calculated In' Mr. Xelson, having a minimum aherration. 
The arm is .slotted so that the ImU’s-eye may he focussed to tlm 
tlaiue; it can he fixed by a clamping .screw. Tlie bull's-eye may 
also be elevated oi' (le[)resse(l and fixed by a clam[)iiig screw, not 
shown in the illustratirn. The buirs-eyc, having once been focussed, 
is permanently clam[)ed, and it i.s brought into or taken out of |)osi- 
rion simply by rotation of the arm. There .should be a groove iu 
I lie pillar with a steadying pin on the lamp to [irevent rotition 
iluring elevation or de[)ression. 

The form of the clamping screw is important; it shoahl be at the 
upjier [lart of tlie tube, and not at the lower, as shown in the figure. 
Tins keeps the screw clean from oil, winch always, to a greater oj- less 
extent, exudes over pai'aflin lamp.':;. Tlie screw slimdd be of tliat 
tonii whieli (‘loses a [linchiiig ring round the rod, and not merely a 
screw wliicli screws on to the rod and bruises it. This lamp, if 
iiiade, as it should be, with a japanned tin reservoir and a cast- 
iron tripod foot, is ((uite inexpensive. There is no justification 
for a circular fexit. except tliat it can be readily aiul fini.shed 
ill the lathe with better apparent results and less labour than other 
forms. 

A small lamp is made liy Messrs, R. and J. Beck, M e illiis- 
fmte it in fig. 342. 

The base, A, consist.s of a heavy I'ing, into which a square brass 

' It is very imixutant to remove the metal ehiiimey after usie, or at least not to 
Ifiu c itoinvhen not in use, since the evaporating paraffin gathers round it and causes 
ui I desirable scent when the lamp is again lit, Ttio thinnest slips sliould be used. 
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10(1 B, iis screwed. Tlie square rod cjirries a socket, C, with an arm. 

1 ). to which tlie lamp is attached. 

On each side of the bnnier, and attached to the arm, I), isaii 
npriiild/rod, 0. to one of which the ehiinney is fixed, independent <>j‘ 




LAMP WITH LATERAL MOTIOX 
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i|ial tHe latter serving as a reflector ; but we do not consider 
die reflexion here Mcroinplished as other than an error; it causes 
double reflexion and confuses the condensed image, 

A soinieircle swings from the two n|)riglits, <). to wjiicli it is 
nttaclied by the pins. H, ])laced level with the middle of the flame; 
td this semicircle is flxod a dovetidled bar, L, carvving a sliding 
titting, 0. wliich bears a, Herschel bull’s eye, P. Tins is comjdex, 
and therefoi-e costly. 

The buirs-eye is fixed at any inclination by a milled head working 
ill a slotted jiiece of brass, X, 
lixed to the arm, I ). 

For use with tlie micru- 
vcope in an upright position, 
when [U'olonged invest! ga- 
lidiLS have to take place, the 
lamp becomes (‘vc'u of more 
iiipiortance (ban under orilin- 
ai'V circumstances. The pre- 
Mait Editor ^levised a .soiiie,- 
wliat elaborate apiuiratus of 
this kind, wliich he alisavs 
cm[)l<>ys in this kind of ol)- 
servatioud Put the es.sential 
part of it is only an arrange- 
iiioiit by whicli a milled-hcad 
movement of (lie entire lamp 
mav take place to the right 
or the left of the observer, 
as well as a similar jaiwer to 
idcvate or de^iress llie posi- 
tion of the tlame. Wlifai the 
micro.sco]ie is fixial. and tlie 
rectanguhi]' prism foi- illu- 
mination (ill place of the 
mirror) is fixed at right 
angles, the centring of tlie 
flame upon object 
i> more rea<li)y done by means 
ot niotlOii In. llit' 

very simple form of this lamp 
has hi'en made for the Phlitor 
hv Mr. Charles Pakor, of Fio. ;t43. 

Holliorn; it is seen in fig. 

■'•Id, being an ordinarv lamp, except that the milled head to the 
'light as we face the flame racks np and down the entire lamp, ami 
the milled head hehimh ami at right angles to tliis. works a rack 
ami pinion (shown in the engraving) carrying the whole lamp to 
tlie right or left of the middle position. This lamp would be 
hetter, if the student did not object to the cost, to he imide with a 
metal reservoir, or at least to liave an arrangement ])v means of 
' yTonilihi MU-nu Jaiu n. \ol. w. ii, lii--). 
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which the buirs-eve (with a citich fixing its focus from the fhune; 

so aflixed a.s‘to be c^uried up and down and to right and Id'i 

with the lainjj. i ^ i i 

When the microscope is fixed in its upriglit position, and tlic 
is -I crammed to give divert and not ohlitine rellexioii, tl\e huiii- 
Line l)v' iiieait-i of II eml, is nrmnged as neavly right for the re 
iiexioii of the image of the tlame into tfie centre of the field as may 
he and then a little movement in one or both milled hemls will 

Inhn^ it accurately into the field. 

may arrange the microscope for ordinary Iransmiited light, 
that is, for' light caused to pass through the object into the objccr- 
<dass, by placing it upon the table, arranged as already direcUd; 
the instrument is tlieii sloped to the inquired position, and a eoii- 
denser, suitable to the power to be employed, is put Into the suh- 
, stive. ^ The lamp is now put into the right position, with a hull s- 
ev^ on tlie left of the observer. The condenser is then, as descrilieil 
ijVlow, to be ‘centred,’ when the ohjective may he ehangod 
as de.sired, and the eye-piece altered to suit. But it should !m^ 
carefully noted that, if apochromatic powers are being used, tliere 
must he aecnrate adjustment of the tube length if the best results 

ai e to be obtained ; and 
with any serious iiuu'ease 
of the power of the objec- 
tive a condenser of higher 
aperture and shorter focus 
must be used. 

Often, however, as good 
or better results may be 
obtained without the em- 
ployment of the mirror at .all, tlie light lieing sent dii'ectly througli 
the condenser IVom the lamp flame. The mode of ai-rangement fur 
this kind of manipulation is presented in Plate Y., where it will be 
obsei’ved that the micro.sco[)e is inclined more towards the hoiizoulid 
to suit the observer ; tlie lamp is directly in front of the sub-stage, 
the mirror is turned aside, and a frame (fixed upon a l^uirs-eyo 
stand) carrying a monochromatic screen is placed between the lamp 
flame and the condenser (sub -stage). 

By thi.s means the light is sent into the condensei* and upon the 
object, and is then treated as is the ease (for centring) when tla; 
mirror is used. The first step in the direction of efficiency in i he 
use of the microscope is to luulerstand the principles of ilhmlnnlioiu 
and a knowledge of the various cftects produced by the bull’s-eye 
lies on the tbre.shold of this. 

Having given details as to the forms of lamp which are of most 
service, we a.s.siime that a paraffin lamp with ^-inch wick is used. 

If we place the edge of this flame (E, fig. 344) in the centre and 
f‘xact fcKHis of tlie bull’s-eye B, A shows the effect of doing so. 

If a piece of card were held Iti the path of the rays proceeding 
from B, the picture as shown at A wotdd not be seen — instead <>t h 
an eidai'ged and inverted image of the flame. The image at A 
^ Vide CliapUT IV. p, 298. 
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by plRciiig the eye in the bv lfK)kin<r direetlv ui 

T iie bull's-eye. ... 

The light is so intense tliat it is more plensuit to take the field 
l,.ii,s of a 2-iiich eye-pieco and place it in tlie path of the rays fiK'iis- 
.iiLg the image ot the bulls-eye on a (“ml. It should be noticed 
Auth caie that t]je dkim.etet' of the disc A depends utxni the diametei* 
(i!'the bull’s-eye B; but the iu- 


triisity of the light in A depends 
<.)i the focal lengtli of B. Tlie 
^ltoltcl• the focii.s, tlie inoi-e in- 
ti'iise will be the light. 

We are here as.suming 
throughout that the field lens is 
:it a fixed distance from the 
ImllVcye B. 

But if we move the fame, K 
- still central — within the focais 


n 



(if B, we get the result shown t 7 , . o,- 1 w w 

• 1^ oirt T) 1, • jar. St ;».—.\ltei'cd relations between laiim 

111 l.)j Uj,. o 4 o, ^ But by ino\'jng Hame and IniU'K-eyer 

E without the focus of B we get 

tlie picture H, wliile K, is the picture when E is focu.ssefl imi not 
[■‘■.ntred. 


A common error, one re[)eatcdly met with, is tiiat of placing a 
concave mirror, 0 (fig. d4ti). so that the flame, E, is in its principal 
focus. The result of this is that parallel raps are sent to B. Tlie.se 
idiy.s lu-e brought to a focus at a distance from B about equal to twice 
the radius of the cu:*- 


viiture of B and then 


B 


Mattered, a total!}" 
ilifferc'iit result from 
what is aimed at. If 
the concave mirror, C, 
is to ho of any use in 
illmiiination, it must 
he ]ilaced so that E is 



Fig. 34G. Re.snlt of placing flame in principal focus 
of concave mirror. 


KOial its principal focus, but at its cmire. of curvature. 

I he bull’s-eye give.s an illustration of what is of wider application, 
he method of ohtaining 


it critical image with a ' S 

foiiden.ser by means of 
tmiisiiiitted light is 
diowu in fig. 347. E is 
tile edge of the llame, iS 
i‘e|ueseiits the .sub-stage 
‘■eiideiiser, and F tiie 
“hject. F i.s tliiLS the 
t'ical conjugate of E, and 
I iiiid E are in tlie prin- Fio. 847,— Mode of obtaining cvitical image, 

dpid axis of (S; that i.s 

I'll}', these are tiie relations which exist when a condenser is 
hioitssed on and centred to an object. Let this be understood as 
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t!,e la«', a...ltlu..-eo.u l.e but little difficulty i-einuining in gettiu. 
tv -uT ill'ustn'f.t'anotW of getting tlie snme i-esul, 

e™, .I... ICJ* 

F mirror as in iig. is tin- 

/\ piano mirror, anti, jiroperly usnl 

exactly ilie same result may li,' 
obtained as in tlie former case.^ Il 
is, liowever, slightly more ditliciili 
to set np, but the method showh 
in til^ d47 will, ou the whole. l*t‘ 
preferable. 

Nothing can be of more monu'ni 
to the Tieginiier than to iinderst;iti<l 
the praeticul nse of the condensf*r. 
AYe must direct the student to wlun 
has been stateil concerning it in 
Chapter IV. Hut the folh)wiiii; 
should he carefully ronsideinl. 
Fi^'. dl9 shows a suh-stage mu 
denser S and an idpective. 0, hotli focussed on the same point 
The c<auh‘nser has an aperture equal to that of tlie ol^ective. Noa 
if the evo-piece be removed, and we look at the Wck lens ol llir 
i.hjeetive. it will he seen to he full of light, as at K ihe sinny 
Tb'ino but « itli the a|iH-ture of the l■f^u(le^lscl■ cut .loun l>v a 
.oi-n'ivi lig. baO. Xow only a part of tlie back of tbe ol.,ee1,vr o 
filled ivith ligbt. aa at T in the same illustration. , . ■ 

Now it does not follow, lieeau.se file liaek lens of the ob,|eri.ve n 
r«ll of ligbt. as in fig. :!49. that tlierefore (/n.>y oiigl.t to be lulln 
light, 'i'he Held only shows tlio ^'nijhi bnmr. of thi’^r of f/o>,//a„.'-. 





FlO, :J48.- Anollu'i- method of getting' 
critical image. 




FjGi a it), — ('oiidciisei ami ol)joct-glasi 
with tlie siuni* aprvtiu'e. 


O 



:35() _X]u,. stuiie, with the apertuix 
of the comhaifiei’ cut down. 


ami it is in thni ohn^ that a critical pktarc can he pmal K da' 
condenser he rackml <‘ilher within oi' without the focus, the 
tkhl n-m illn fainatrd but at (he same time a far smaller poi- 

son of the olqcctive will b(‘ ut ilised. On removing the eye- piece iU.d 
examining the back lens of the objective, pictures like 1), H. hg. .>4*>. 
will be .seen -0 wlien within, and H when without the focu-s. 

The condition represent e<l in fig. i-l-fD at R and (J is the sew nu 
test which can be applied to the microscopic objective ; that i> 
sav. to fill the whole objective with light and so test tlie iraritu'O 

(ind ccatrfd portions at the san^^ iiwc. .to* 1 l-’-- 

Kveu to obtain the state of illumination known a.s ‘ihnu.scil ' ay 
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liiflit’ with the j^iinple niii-ror when no eondenxer usedis frequently 
q.'iiie ill ii mo!>t inaccurate manner, The (X)rrect method of doing 
This is shown in hg. -h)l, F is the plane of the olyect, C is the roti' 
^■;ivc miri'or, tlie mirror being placed at the distaiiee of its prineij'al 
totals from the object. Hut ilie manner in wliicli it is usually done, 
from want of thought or knowledge, or both, is shown in fig. :?.V2. 


F 



Fm. -Jol,— Illuiiniiatioii for ‘ (.lilTuTiod dayliglit.’ 


wliCTG it is manifest that there is a total tlisregard of tlie true f.H-.d 
iKiiiit of the mirror and its incidence on the plane of the ohJ(*cr. 
Prom the impracticability of this diagram as a re})re<'ntation of a 
working ])lan of illumination, we may .see at o.nee tlie importaiiee of 
having the mirror ilxed upon a t»h*\ so tliat its foeal point 

laay be adjusted 

It i.s also important here to note that in daijh'jld a 


F 



jihhif uih'ror gives a ccmc of dlmnlaaiioti, as in fig, d.nh wiien llicre 
i-' aiiqiie sky-room ; Imt-a irindoto acts as a Utnitiixj dkphrw.fm. 

In regard to the parallelism of the dlroct solor there is of 
(■''orse no (p>esnon. Hut the ]iarallLdism of that ]>ortion of the .solar 
light, which goes to form the tirmament in our own higher at mo- 
^I'here is so completely broken uji bv refraction ami retiexion 
ainoiig.st the subtle particles of thi.s liighev atmo.spliei'e that the rays 
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whioli constitute our daylight fall from every point of the visit h. 
heavens (though with greatly diminished intensity). That is to n!\ . 
we ha\e at {hsi)()Siil a light source extending over while ihp s'„,, 
iudf exXPwh om' a vlstial angle of hut half a degree. Being th as 
surroimded by an illimitable and iself-luminon.s expanse of ether un- 
dulations, the rpiestion is no longer of parallel rays only, but of liiiiit 
euauiating from an outer circle above the earth upon every poim nf 
the earth's surhrcc; and a mirror exposed to such a luminous atiun- 
sphere must both receive and reflect from all sides and iipon isll 
sides, if, however, it be placed under the stage of a mieros(*n]i(... 
all veitical light is intercepted, and tliere remains noilviug but the 
oblicpie incidence as the starting-point of the theoi-y of illnminaiiDu 
by converging light ; for it scarcely needs repetition that ohli(]uiTv 
of incidence gives inevitable rise to obliquity of reflexion; aiul it 



Fig, 353, — Light from the open sky fafls upon Llic iniiTOf in all directions. 

l)econies equally clear that in or<ler to strike the object the lujU 
viust always fall obliquely on mirror. 

Then it follows from what has been said that the light falling 
from the open sky upon a mirror falls in all conceivable directium. 
Thus fig, dad sliows the lines 1 to 7, includiijg an angle of **>() '. !l 
nothing inteia ene, the light of that sky surface must fall upon tlif 
mirror, a 6, and be reflected on 0. The intermediate rays, ‘i. h h 
5, 6, form the converging ilhnninating pencil, with of course an iie 
finity of others filling up the spaces hetween. 

ill other ^^ords, every point of a miiTor is a radiant of a whole 
hemispbei’e, and this is equally true whether the mirror be pb.iiV. 
couiwxve, or convex-, so long as it i.s exposed to a boundless sky. 
Therefox-c a plane, concave, or convex mirror will give a cone of 
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niiniiinjU.ioii of which the object is its apex, no matter what the in- 
v'liiiatiou or distance of the miri'or, The angle of the cone will be 
the angle the mirror subtends at the object — subject of course to its 
not l>eing cut down by a stop. 

As a matter of fact, the boundless sky is an abstraction which is 
never obtained in practice ; tlierefore it practically does make a 
(lillerence whether the plane or concave mirror is used, and wliether 
rlie latter is focussed on the object or not. 

The dotted lines in fig, 354 s1k>w rays falling on six different 
]ioiuts on a plane mirror; the continuous lines sliow the reflexions 
oC these rays on the object. 

Tlie heavy lines from eithei' 
extremity of the mirror to the 
cibject show the maximum angle 
<tf cone that mirror will give 
in that particular position. 

Tlie infinence of a limita- 
tion (as hy ineansof a window) 
should therefore be considered. 

The extent to which it is 
limiting, .so far as its inlluence 
upon the illuminating cone is 
concerned, is shown by an ex- 
amination of tlie back of the 
lens of the objectiv e wlien the 
eye-piece is removed. Ihg. 355 show s the back of the oVjjecI ive when 
tlie plane mirror is used, and fig. 349 R, when tlie ('oncave mirror 
is used, as in fig. 351. The beginner should study these exjieriments 
V)V repeating them. 

Fig. 35(j illustrates the method of obtaining dark-ground illumi- 
nation when the arrangement sliown in fig. 347 or 348 does not give 
a siitficiently illuminated area even when 
the fiat of the flame is used. Of course 
it will be understood tliat for the dark- 
gi'ound result a suitable sto]) is inserted 
beneath the sub-stage condenser. 

It ha.s been shown Ijy manv illustra- 
tions on many sn])jects that certain results 
in critical work can be olitained w'ith the 
hull s-eyc winch are not so ac<‘essible with- 
<Kit its use. But Mr. T. F. Smith has 
made thi.s deal' regarding the slructiire of certain diatoms, 

Tins, there can be no doubt, is due to tiie fact that the parallel 
rays, fidling on the sub-stage condenser, shorten its focos and in- 
i'vense the angle of the cone of illumination. It will be noticed that 
wlien the bull's-eye is introduced the condenser will need rucking- 
^*1'. At the same time we prefer illumination as in fig. 347 or 348, 
r.xcept in oa^es where illuminating cones of maximum angles are 
iWjuired. Thus it will be little needed witli transmitted liglit 
^xcept when oil iminei'sion objectives of large aperture are n.sed, 
because illuminating cones u]) to *9 X.A. can be obtained with good 



Fui. 355.— Image at the back 
of the objective when ilay- 
ami a plane mirror are 

used. 
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romleiisers bv the method ^liown in fig. 347. But when the min-u. 
srope is of necessity used u])i;ight tlie rechuignlar prism or the plan- 

mirror niu.st he used, fig. 348. ^ . 1 r. , 

'I’he arriingement at fig. doO is sometimes useful for phoio- 
miman-apliv wlien it is othpr}>'ise mpossihhXa ilhmiinnto tlie wlnh* 
field. Butrin ordinary cases it is better to contract the field tlniii 
use a bull’s-eye, as it iiu'ai'iably impairs the definition. 



I*a<. naC). — Tllnmiiiiitioii for (lark ground iwith Fu:. a.»7. Same I’osult w iUi coiuavt- 
stop beneath the ooudenser), niiiTor. 


Ill regard to (liis last figure it will he understood that (ashefoir) 
K repre.sen(s the edge of the tlame, B the hiiirs-eye, >1 the mirror, 8 
the eondenser under the stage, and F ihe ifiaiie of the ohejct. 

The same result as the above maybe obtained by the com-a\y 
lain nr (as show ii in tig. 3”)7) instead of the bull's-eye. But tliis 
is a verv (iilliciilt arrangement, yielding the best results only with 
great a[)]4ication and care. 

But the supreme follv of using a concave mirror and a- hnlla-puf- 



Ft.;, -Absnrtlil y of using a bull's-eye Flo. Absiirditv of using a bull'- 

and a coiioave min'oi. eye witb the edge of the lamp tliune 

not in its principal foens. 


is shown in fig. 3.")8, where C is the concave mirror and (as before) 8 
tlie snb-stage eomleiiser ; this secures a result — as will be seen b\ the 
relation of the light to the condenser (S) — which is as far from "liat 
is .sought and desirable as it can well lie, while another les.son <>1 
gr(\it iuijiortance may 1 k' learnt from lig. 3r)0, which ifiustriites 
thp f'i'ror of not h.ni‘ln<i iltP of thp jUone E in tha principal Jo< 
of tlip hnll's-cjjc B. Tlie rays converge on the c.ondeiiser 8, so tlmt 
it will bec(.me in all prol^ability impossilde to focus it on the 
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(.liject. Tins is a lateral lesson on the value of lmvini( the bulFs- 
<.\'e fixed to tlie lamp, so that both may be moved togethei' ; and 
tiiei-e should be a notch in the slot, or arm whicli earries the 
ImlVs-eye to denote when the flame of the lamp is in its principal 

fdCUS. 

Tlie above are fundamental [)rinciples of illumination, and if the 
.indent is to succeed as a manipulator he must demonstrate and re- 
doinonstrate them, and he(;oine master of iiieir details and what they 
{■nllabn-ally teach. 

We may, hosvever, with much advantage give them a larger and 
more detuile<l application to llie practical .setting up of a dark- 
oiound illumination, as in fig. 

Let an object .such as a lyicp.raihm (diatom) he taken, and sup- 
pose that the objoctive employed is a |-incli of -28 X..A. We must 
tirst adjust the lamp and huH'.s-eye, as in tig. -144, and get the edge 
of the lam]) fiame extended to a disc as at A. 

Xow let a small aperture he ])ut into the condenser and a tri- 
fcratium on the stage and tike ohjectivo on tlic nose piece. 

Tlie nucrosco])e being put into ])osition. tlie lain])- slionld l>e 
placed on the left-iiand .side of it — a lamp with a fixed iMiU's-eve is 

o 

Fio. Vw.m. Fio, 3 ti 2 . Fic. 

;is.siinuMl— and it should now he arranged as to heiirlit, so that thi- 
I'ays from tlie Inill's-eye .slionld fall fniidy on the jilaiu^ mirror, tliis 
latter being inclined .so as to reflect the beam on tlie brick of ilu- 
nih-slage {‘oiidenser. 

Now, with any kind of light, focus, and jilace in tlie centre of tlie 
fieki, tlie trlveruiltuu. as in fig. 300 ; tlien rack the cnnden.<er until 
tlii^ .<mall aperture in its di;i])hvagm comes into focus : centre this 
In the tricemtimn, us in fig. 3(51. Hack the condenser closer up 
until the IndT-s-eye is in Locus, as in fig. 3(5'2. 

Here it ha])];eiis that the hnlhs-oyc is not in the centre, and it is 
not niiiforvdiJ jillf'd u-ith Id-lht, but has iaskad (ari r/'csfCiits of (afld. 

Tiiis is a. <*ase wliicli frequently repeats itself, hut if is of coin.se 
iiat iiK'vitahle. The huirs-eye may be more or le.<s filial witli light, 
-'lid may or may not he more nearly centred. In this ease w(> have 
iit'M to centre the image of the hnlhs-eye to the triccratiuin hv 
iii'iviiig the mirroj-. as in fig. 3(53. 

but, it will he noticed that tliis eentidng of the image of the 
I'lills-eye does ant rectify the dij'usioa of thp Vajht. Tliis will he at 
"luv ilojit' bv moving tlie laniji with attaclied hull's-eve ; tliis motion 
i”'''jiiires to lie a kind of rotation in azimuth round tlie wick as an 
iixis. The relative posHloas of the lamp and hdls-etie must on no 
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And it is understood that the Inmp was adjnsj(>,j 
to the pieture A in fig. 344 i>y inspeetion and without tliG wiiciv,. 
scope. A very slight movement in azimuth, however, is enough r. 
edect the desired end (fig. 364), and all that now remains is to opi a 
the full a peitu re of the condenser and put in the smallest stop ; if 
this d(^es not stop out all the light, a larger one must be tried ; hai 
it is of the greatest importance that the smallest stop jwssible hi^ 
used, a ^•ery little dift'ereucc iu the size of the stop making a reniavK- 
;d)le difference in the rpiality of the picture. Hence the need of ;i 
large and varied supply of stops with all condensers. 

tin account of some residual spherical aberi-ation the condeu.’^ci' 
will probably have to l)e racked up slightly to obtain the gre:ite>t 
intensity of light. 

In fig, 364 the expanded edge of the 6aiue covers the fricemfboa. 
When the whole aperture of the condenser is opened the size of that 
disc v:ill not he (dtemf its inltnsity onh/ will In- 
inamsed. When the stop is placed at the hack 
of the condenser, only in that part of the ficlil 
represented by the disc of light will tlie oljjcct 
be illuminated on a dark ground. Jf, therefoiv. 
the disc of light does not cover the object or nh- 
jects, bring the lamp nearci' the mirror. Tlie 
size of the disc of light depends on three things ; — 
a. The diameter of the buirs-eye. 
jj. The length of the path of the ray.s IVoia 
the bulV.s-cyo to the sub-stage condensei', 

y. The magnifying powei* of the condenser. 

If a and y are constants, the only way of varying the size of the 
dark field is by /I. 

Ill the same way the intensiti/ of the liijhi in the disc* depemls on 
thi*ee things. 

A. Tlie initial intensity of the illumination. 

Vi, The angular aperture of the bulVs-eye. 

0. The angulai* apertui'e of the sub-stage condenser. 

If the student will thoroughly and practically nndersiaml flic 
above series of single <lenionstratioiis, and ponder such inevitaiilc 
vai'iations as practice will bring in regard to tliem, the ‘ diflicnltirs 
of illumination’ will have practically passed away. 

There are. tiro kinds of microscopical }i:ork--(me. the more usual 
and comparatively easy, is the examination of an object to see som- 
tliing vlmh is knomn. The other is the examination of an object 
in search of the unknown. Thus some blood inav be examined 
for the pui’jiose of finding a white corpuscle. It matters little 
what is the quality of either the lens or the illumination or tiu* 
microscope, or whether the i-oom is darkened or not. because tlic 
observer knows that there is .such a thing as a white corpuscle, b 
is quite immaterial as to whether the oliserver liad ever seen one nv 
not ; so long as he possesses the knowledge that there is such a thing, 
the finding of it, even under unfavourable conditions, will be an 
easy task. 

But if the observer has not that knowledge, he may examine 
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SEARCH WORK— TJCrHT AND THE EYES 

Mood niany times, under ffiv<mr;d>le conditions, and yet not notice 
riic presence of o white corpuscle, ond that, too, with one iininediatcly 
in the centi-e of the field ; this, moreover, is a large object. 

It is only those in the habit ot searching for ne^\' things who can 
:ip|ii‘eciate the enormous difficulty in first recognising a, new point. 
Therefore, when criticid work is undertaken, care should be exerciwM] 
to have the conditions as favourable as possible. 

When wfji'kiiig with artificial light all naked liglifs in the room 
should he avoided. 

ft is quite unreasonable to expect the I'Ctina io remain highlv 
sensitive if, wlienever the eye is removed from the eye-piece. *it is 
cxjtosfsl to the glare of a naked gas dame. 

At the same time there si ion Id be ample liglit on the mici-oscojie 
table, as it is not at all necessary or desirable that the work should 
1)0 insutiifieutly illuminated. All that is rcrpiii-ed is tliat the lamps 
sliould have sliades and l)e ],daceil at such a lieight that the direct 
ravs <lo not cntci' the ol)scrver s eye. 

If these ])recauti()ns are taken, several hours’ continued woih 
may he carrie<l on without any injurious effect. 

Some observers use oidy tlie left eve, .some tlie right, otliei-s tiie 
I'iglit rn- lefr indiscviiniiiately. 

It .scc\iis immaterial which is used, it being merely a matter of 
habit, as those wlio are accnstomeil to use one particular eye feel 
.awkward with the other. In continuous work, extending over manv 
months of long ilaily observation, if the eye has been accustomotl to 
monocular vi.siou. even with high powei's, there is no dilhcultv 
cxneri('ueO(l. Th(> effect of years of work with optical instruments 
on those [assessed of strong normal .sight seems to he an increase 
iu tlie defining percejition accom|)anIed by a decrease of the 
[leireption of liriglitness. Those accustomed to use one particular 
(we witli microscopical work, and who have done much woi'k. would, 
it they lookeil at, say, tlu' moon \\ ith tliat eve, sec iiioi'e det.ail iu it 
than it the other eye were used: at'tlio same time it would not 
appear a.s bright. 

If there is too miicli light, as there often is. when large-nnglcd 
illmninatiug cones areused.it is as well to interpose hetweeii^the 
laiiqi and the microscope a piece or pieces of signal green glass; this 
s<iftens the light and removes the olijectionable yellowness' a feafnre 
"f illuminalion uotdne to tlic light from the edge of a [farattin lam]), 
which, as we hiwe stated, is not ])articularly yellow. Ormt f/elioir- 
is a sign of mperfeet xchromatistn in an objective. We may 
wilh precisely the same cnn(lition.s find the images vielded by two 
objective.s of tlie same jiower ainl aperture differ.'in so much as one 
is yellow and dim and the otlier white and liriglit; other things 
being eijual, the white and l>riglit image is to be preferred. It m 
nei'essaiy to sjiy ‘other things being equal.’ because an objective 
whicl) gives a bright and a white image mav ne^-prtheles.s l»e iiifcrior 
to the cue giving tlie yellow and dim picture. Tlm.s if the planes 
ot the lenses of which the objective is composed are not at right 
angles to tlie optic axis there will be serious defects in the image, 
a t jough it is liriglit and white, 'fins fault is known in practice as 

E E 
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II error of centring, vs iiich also menus the error of not placing the 
xes of the lenses in the same straight line; so l)oth faults aiv 
tescrihed by tlm s<ime term. 

It should be uuderstooil that signal green glass will not yielo 
iionoehromntic illuniiiintion ; only the Gifford screen or the iiltfr 
;creen of Prt^f. ^liethe (7.^.) or tlie Xelson spectroscopic an-angv- 
nent (^.r.) c^iu be of real seindce. 

Coloured light deri\'ed from a polari scope and a selenite is not 
iionocliromatic, 

/(»• cr'dic(d }rorl:,Siich as testlmj lenses or forcing out thegreate^r 
•esolution with the widest-angled oil-immersion lenses, daylight; 
Humiliation is inadmissihle. 

Wlieu daylight ill 11 111 I nation is used, a northern aspect, or at le!i>t 
)ue away from direct sunlight, is to be preferred. 

It is'a good plan, where it is possible, to arrange tlie table so that- 
tlie window is at the observer's left hand. Tlie microscope should he 
placed in a direction pai allel to tlie window, and the light retiecteil 
bv the mirror through a riglit angle, A screen may be placed parallel 
to the window which just allows the mirror of the mierosi^ope ttt 
pa-oject beyond it. This cuts off direct light fi-nni the stage and 
from the observer's eyes. 

A conc;ive mirror w ith the object in its [ii'incipal focn.s is the best 
for diffused dayliglit illumination. The diaphragm should not he 
close to the stage. When delicate microscopical work is (‘arried 011. 
it is impoi'tant to remember that the luimau eve can work best when 
the body is in a state of ease. If there is any strain on the mii.scles 
of the body, oi- if the observer is in a cramped position, vision will 
be impaired. Consequently, tvhere permissible, a mica-oscope should 
always he inclufsd, and the oliseiwer seated in sneli a way that tlu* 
e}‘c can be brought to the eye-|iiece in a peiTeetly natural and com- 
fortable manner. The Ivxly >liould also be .steadied by resting the 
arms on the table. 

it is a<lvisiible to use the bull’s-eye as little as possible ; even tnih 
dark-(jround lllumhiatioa the fiat of the flame is preferable, reseia ijig 
the bull’s-eye for those cases -where the (lat of the flame will vat covet' 
enough of the olje<;t. (Generally speaking, if the whole field is re- 
(piired to be iUmiuuated on a dark ground, a bull’s-eye will be laws- 
sarv ; but for an object such as a single diatom the flat side of the 
lamp flame will usually be lai'ge enough. 

In examining diatoms or other objects, such as tlie karyokinetic 
figures in very minute nuclei of microscoijic organisms, or other obscurt* 
and undetermined parts of such forms of life, it is most important, 
amongst other means, to resort to tlie use of large solid cones ; whal 
they teach and suggest can sc^arcely he iieglceteil by the senreher for 
the unknown. Professor Abbe does not advise their employment as 
in any way final; he says that nhe resulting image produced bv 
means of a broad illuminating beam is always a mixture of a multi- 
tude of partial images wldcli are more or less different and dissiiiiilai 
from the object itself ; ’ and he does not conceive that there is ain 
ground for expectation ‘that this mixture should come nearer ton 
strictly correct projection of the oliject . . . than the image wliic!' 
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is projected by n narrow axial ilhuniiaiting pencil/ This is a weight v 
Miilgment, and should receive full consideration. At tlie same time 
rho'iise of wide and solid cones is so full of suggestive results that 
v.fumst employ them with all possilde control by other means of tla' 
images they present. Thi.s is the more a necessity since ^Ir. Xelsou 
has been able to obtain the most wonderful results wit h narrow cones. 

' true ghosts ' and ‘ false ghosts/ the presence of ‘ intercostal markings’ 
ill the image of a fly’s eye (I), and many complex and false images 
witli the coav.ser diatoms. Dut with wide cones lie has proved tliat 
(liose false image.s cannot be produced ; and tliat wlien the true imagr 
is reached by a wide ('f>ne, the image is not altered by any change of 
focus, but .simply fades in and out of focus ‘ as a daisy under a 
t inch objective.’ 

31r. Nelson has photographed all these results.’ and we liaveseen 
lliom <lemonst rated. When theory and practice are thus at variance 
we must pause for further liglit. 

If it is I'eqnired to accentuate a known structure, us the pf-i'- 
pH'ukd mernhmue, of a diatom fit can be done by annular illuniinatioin 
wliich means t.lie .same arrangement as for dark ground.. but wilh a 
stop iusufliciently lai'ge to shut out all the liglit. This metliod is not 
To he recommended when a structure is unknown, .as it is also liable 
to fi\e filse inrages. It rnnst be remarked that diatom and other 
delicate structure, when illuminated witli a narron'-anyled co/m, gives 
<111 .dight focal alterations a rarkbj of |)at,terns like a kaleidoscojie : 
w ith a. wide-aiigled tx)ne a single structure gives a single focus, i.t^ 
it goe.s completely out of focus on focal alteration. When a large- 
.luiiled and a wide-angled objectiN'e are used a change of pattern only 
omu's wlien tlie structure is fine. This practical ohservation lias its 
value, an<l iiurst not be forgotten. 

To properhf displ(nj ohjciis nmhr a microsmpp is to a certain ex- 
tent an art, for it not only demands dexterity in the innnijiulation 
of the instrument and its appliances, hut it also recpiires knowlodgi' 
of what s<»rt of illumination is best suited to tlie [larticular ol jecr. 
At this point we think it advisalile, especially in the interests of 
Ix'ginncrs. to clearly point out the best mefliod of commencing 
microscopic work by centring tlie condpuser .-uid ai'rangiug the 
light for the. critical exiimination of an object. 

l.st. Place a po^\•er of about a ^ ou the nose-piece, and a P or 
No. 2 eye-i)iece in the tube. 

2nd. Uso as a source of illumination the light from a ]iaratfin 
lump with a |-incli wick. 

drd. place any suitable object on the stage, and. liaving focu.ssed 
it with any kind of illumination, centre it to the field of the eye 
jiiecc. 

4th. Place a small dia|)hraginl)cneat]i the suh -stage condenser, or 
chise the iris. 

oth. Rack the condenser until the liole in the diaphragm is in 
kvus (in tlie plane of the object). 

bth. If the hole in the diapliragiii .diould not he central to the 
> dourn. B. M. S , isul, p. at), pi. IL 

E E 2 
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object on the stiige, it must Vie centretV by means of the sub-stage ad- 
justing screws, 

7th. Ruck up tlie condenser until the image of the fl<ame conn's 
into focus. 

Bill. Centre tlie image of the Ihiiiie to the object on the stage 1>v 
moving tlie position of tlie lamp, and place the lamp so that lla- 
<alge of the Hame is presented. In performing this adjustment the 
.suh-stiige centi’ing screws must on no uccomit be moved. (If a inirroi’ 
is employed, the centring of the image of the flame upon the object 
can be e'lfcetod by moving the mirror.) 

9th. The object to b(' examined may now be substituted for tli:u 
used for cent ring [lurposes, and lie placed in the image of the eda'e 
of the dame. 

lOth. The olijective by which the object is to be examine*! is 
place*! on the no.sp-piece and the ohject. brought into focus. 

1 llh. 'fhe (We-piece is removed and the l)ack lens of the objective 
is examine*!. The tliaphragm at the Viack of the condcuser is then 
altered so that three -fourths of the back Ions of the objective is lillc*l 
with an iiidiroken di.se of light. 

T2th. The eye-[»iece is replaced and the objective brought iiua 
adjustment eithei' by .screw collar or by altering the tube length. 

Idtli. If it is necossai'V at any time to use a large liehl for a rough 
survey of an oliject. or to localise any jmrticnlar portion of :m 
oViject, all that is neces.sary is to rack down the condenser until the 
whole field becomes illuminated; but when any part reepures critii-al 
examiiialion the condenser must be I'acked up again aud the image 
of the edge of the dame focussed on the object. 

For learning the manipulation of the instrument no class of 
objects are as suitable as tliatoms ; they are also an excellent means 
of training the eye to apjireciate eril ical images. For a general vi*‘\v 
of the larger diatoms take a s}a‘ea*l slide in balsam ; a of Hl)^. a 
good liinocular. and a dark ground illninination will give a fine effect. 
This is not merely a pretty oliject. but it is also a very instructive 
one, because we obtain a fai- clearer idea of tlie contour of various 
<Uatoms than can be obtained in any other way. The diatoms shonhl 
tie .studieil and wnrke*! at in this manner most cai'efidly and for a 
long time. The .same identical sjieciinens should be then viewed with 
transmitted light. Ttiis lesson, if consc,ientioiisly learnt, will teach a 
student how to apjireciate form by focal alteration. This is a most 
important lesson, and, if several days are spent in mastering it. they 
will Vie far from thrown away. Diatoms, especially the larger foiins, 
are seen very well o'hen ^aountad dry on cover by means of a _|-inch 
objeidD eand a Lieherkuhn ; the bull’s-eye and the plane mirror sluuild 
be use<l. Some objects are so transparent, or become so transparent 
in the medium in wliich they are mounted, that they wdll not bear a 
large illuminating cone, the brightness of the illumination destroying 
the contrast. It will illustrate this when we recall that dirt on iin 
eye-piece which is cpiite invisible in a strong light becomes im- 
mediately apparent in a feeble light. Thus animalcules require a 
small cone of illninination when they are being examined, particularly 
with a J-iuch objective; for a general view of ‘ pond life’ a iVincIi 
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uhjective with a dark-ground illuiriiTiation, employing a la'nocrilar, is 
^vry suitable. Stained bacteria in tisisue are best seen witli a hm/' 
nuie, as was pointed ont by J)r. Robei't Koch, and is directly supporte<l 
hv Dr. Abbe as suitable in his directions for the use of the Aldje 
condenser.^ The brilliancy of the illuininatiou obliterated the tluji 
tissue which i.s in a, medium whose refractive index is similar to 
itself. The bacteria, whicli are opaque with pigment, then stand 
(Uit boldly. A bacterium not in tissue is always lietter seen by 
iiiaaus of a large cone, provided 'tliat the objective is properly 
corrected. The very minute hairs on the lining memljraiie of the 
bbw- fly’s tongue, if examined by a | objective and a narrow cone. 
;ij)pcar thickened, shorter, moi'e blunted, and often split into two 
parts. This is shown in fig.s. 2 and d in the frontispiece. Fig. H i.s 
a critical image magnified 510 diameters. A lens siionld he used to 
I'Xamine this. 

It will be seen that the hairs, especially the long central one, are 
vei'V fine and .spinous. They have not the ring socket comiuo]i to 
insect hairs, but grow directly from a delicate membi'Jine. 

This photograph wa.s taken with an -apochromatic ]‘of dto X.A. 
and No. d projection eye-piece ; and it nas illuminated l»y means of 
a large solid cone of '(jo N.A. from an achromatic condense]’. 

Fig. 2 i.s an uncritical image, with all the conditions as al>ove, 
save tliat a cone of small angle, i.e. of 04, was used for illumination. 

The fir.st alteration which thrusts itself upon the e\ e is Dib 
(Unihlhuj of the hairs which are in the least degree out of focus. 
Hut, further, it will be noted that thei'e is a. bi-ight line with a dark 
edge round tlie hairs whicli are jirecisely in fo(*us ; tliis is a difiVa<‘tion 
eftect, always, in oiir experience, pre.spiit in olpects illuminated hy 
cones of insufti(‘ieut angle, and it can be easily made to disap])ear liy 
w idening the {;one. As the ilbiminating (;one is enlarged they 1 >ecoiue 
diru'pei* and longer, anil tlicir edges become more definite. But 
iKitliing is gaineil, but ratlier a distinct loss is incurred. l>y making 
the illuminating cone much larger than tliree-fourtlrs of the chjcctive 
cniie. 

As an example of erroneous interpretation, the repi’e.sent.-ition of 
the pvgidium of a fiea by some leading soui'ces of inforniatiou of a 
few year.s ago may he instanced. It w.as a spechil test of many 
luitlioi's, and lias been carefully figured ; tliis .shows that it is not an 
accidental error, which it miglit have been if it were merely an 
crdiiiaiy object; it i.s an error ilepending in all |)roliability on a 
faulty system of illumination. 31oreover, the error cannot be attri- 
huted to the object-glasses of the time, as it is a low-poii'ei' object, 
and the low powers of that day were quite as good a,s those lately in 
use. In the description.s and in the di-a wi ugs, often beautifully 
executed, the hairs proceeding from the centre of the wheel-like 
'liscs are represented as being ‘ stiff and longisli bristles,’ thick at 
<>iu‘ (‘lid and tapering off to a jinint. And the siiiall hairs round 
SUV de.seribed as ‘ minute spines ; ’ in the drawing tliey are like tiie 
q'iiious hairs of an in.sect, and have the u.sual s(X'ket-joint at. tlte 

' directions for the Use of Abbe’s Illuiiuiuiting Apparatus— a leaflet issueil by 
burl Zeiss, 1888 . 
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biise. In realitv tiie • stifi’iuul knigish bi-Lstle ’ is an extremely Ion-- 
iUid delicate fibnnent, totally imlike a Inistle, being not tapered bir, 
of iiearlv unitnrui fluVkne.ss. The ‘minute spines’ are in rei\lit\ 
very curious hairs, aiiil, as far as we at jireseiit kiioWj unlike aiiv 
others. Thev are <lelica1e, laujbeiit. bulbous liairs, What tLe\ 
most resemble are the tentacles of a sea-anemone, and there are twi^ 
tubes discoverable which are important and comparatively large ob- 
jects. There a p} tears to be considerable jmobability that this int(-. 
rcTing oV)ject upon the last ring* of tlie body of the ilea, and knowjj 
as its * jiygidiinii,’ acts as an auditory instiaiment.^ In the exainiiia- 
tioii of ordinary stained histological and pathological sections l>v 
transmitted light, unh'ss some very delicate point is sought, the con 
denser sliould lri\e a stop, so that ndien the back of the objective is 
examined the stop is seen cutting into the back of the objective bv 
about a third. This in some instances may be increased to a halfhv 
<limiiiishing the cone, but it is not ad\ isidde to use anything Irss 
than a half unless it is absolutely necessary. As we have pointed 
(ait above, high-class objectives will stand a j cone perfectly, and verv 
special objectives will ])eai' even a ^ cone ; but for the ordinary run 
<tf objoctivos ij- will be found as much as they ai’O able to bear— sou u> 
indeed will not stand a k cone. Tbus, to [)ut it. in I'ound nmaWrs. 
an illuiiiinating came "2 X.A. is ^'e^v suitable for ordinai’v work with 
tlie apochromatic I inch and | objectives, and one of ‘-i X..\. for the 
}j and and one of il X.A. for the j- and Tt is a good plan to 
have one or two stops ent to give special cones, the X.A. of whieli 
should be <mgraved on them. This subject is one of great import- 
ance. as more tlru) jiine-teiitlis of all microscopic objects are 
examined by means r)f transmitted light. 

Let ns now note the effect of large cones on the simplest object. 
-V mici'oscope is set up having an achromatic condenser with an iri> 
diaphragm ; let three good widc-aiigled objectives be chosen, say 
1 inch, a j-ineb, and j-inch dry. Let the object be the one wo hav** 
already studied to .some extent in tliis relation, ^'iz, one of the stiff 
hairs on the maxillary })<ilpus of the blow-fly's tongue ; place the 
1-inch on the lutse-piece, open the full aperture of the condenser aiul 
get tlie iustrnnient into perfect adjustment. Now close the iris, 'fhe 
hair will l)e surroumkal ])y a luminous border, wliich will give it 
a glaxy a})]a‘Hrance. and its fine ])oiut will be blurred out. Aow 
<>[ien the iris until the last trace of that glaziness disivppears. 'nu* 
hair will appear as a different oliject, its outline being pfufectly clear 
and .sharp. If the eye-piece is rejiioved, about two-iliinls of the oh- 
jective back will be full of light. Now, without disturbing any I'f 
the adjustments, replace the 1-inch hv the k, and it will be fouw! 
that tlie glaziiie.ss or false light will have reTnvned. Let the iris 
ho further opened until the last trace of it. disappears; now. on 
examination of the hack of the objective, two-tlnrds of it will hefmual 
full of liglit. and so on with the t. We call the attention of tlir 
student to these facts as lla^ iug a direct bearing upon the question 
of the coinptirative effects of large and small illuminating cones, uml 


Minvs. Juiti'H. April lit, ISSH : ‘ Pyj^idium of Flea,’ (E. M, Nelson). 
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',vith no idea of offering opposing opinions to tiiose of Professoi" A bbe ; 
we liave no direct jiidgmentj but we record these facts as factors in 
;iud for the elucidation of the question. It is perhaps better to test 
file { on some of the more minute liairs wliich are studded over the 
delicate lining membrane. The same results will be obtained. Thas 
ir would appear to .sngge.st itself that thi.s gla/.iness depend.^ on the 
Motion of the apertitre of the lUoiiUtiaioKj com to that of the objective 
{■niie. Apochromatic oVijectives belnn'C precisel)' iis achromatic ob- 
i^•c‘ti^ es in this respect. Of coni'se, if the hair becomes jialc and in- 
distinct on the opening of the iris, it show.s that there i.s uncorrected 
spherical aherratioii in the objective ; another objecti^e must there- 
fore be used ; that p!deiie.ss lias notliing whatever to do with the 
tdaze or false liglit mentioned abo^•e, 

In photo -Tnicrogrnphs of bacteria one frequently sees a white lialo 
round them. We liave never been able to demonstrate what this is ; 
sometimes it denotes the pre.sencc of an envelope, and .sometimes it 
is the result of the u.se of too small a cone of illumination. Photo- 
iiiirrography with a small cone is quite easy, as great contrast can 
be secured. Witli a large cone the difficulties begiu^difficulties 
of adjastment, difficnitie.s of lens correction, difficulties of exposure, 
mid difficulties of development. If, so far as our expi'ience goes, 
a i^ood photo-micrograph is inquired, tliese difficulties must he 
mastered. 

It is hardlv necessary to remind the student that in micrometry 
it is essential that the edges of the object should be defined ; conse- 
(piently a large cone mast then be enqdoyed. 

Eor the examination of Poly cystines, Foraminifera, A’c., a Innociilar 
is u.sef(d; illumination may be by a Li eberkUhn if mounted dry, and 
liy dark ground by a condenser if mounted in balsam. Parts ot 
iasects should be usually examined uitli dark-ground illumination ; 
whole insects are seen best with tlie Lielierkllhn, and the binocadar 
should be used for botli. 

Some of this class of objects are best seen under doable iUiimium 
tion: that i-s, a dark (fround irith a coudrimr and light ihroaoi from 
ctxjce icith n silver side- reflector, as the LieVierkiihn cannot be u.sed in 
cdujunctioii with an achromatic coiulenser. It is a good plan witli 
law -power Licberkiihn work to iiilerpose between the slip and tbo 
loilye a strip of plain glass k'inch wide ; this prerenis the Icdifc 
■stoppimj out light from tlie Liebei-kiilin when it is larger in diameter 
than tiie .slip. Mr. Julius .Rheinberg 1ms i-eceiitly lirought to a 
liigli state of perfection a system of colour illumination, and the 
special importance of the clioice of suitalde colours. It is of much 
interest, but cannot lie condensed in the space at our disposal. The 
lull paper will be found illustrated in ‘ Jouni. ll.M.S. 189(5, p. 373, 
and the ‘ Journ. R. 31. S,’ for 1899, p. 142. _ 

Polaj’ised light used with a. condenser is very usetiil for insect 
'vork. For vei'v low-power work — ,'^uch as the usual botanical sec- 
tions — it is a good plan to give up the cone, and place a piece of fine 
yumiud glass at tlie back of the condenser; and witli lampliglit it is 
as well to use a GiftbiaVs sci-eeii n ith it. With objectives of greater 
angle tlian '6 X.A. it is usually difficult to get satisfactory illumiiia- 
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tion with ;i dark groinul. The best that csiu be done is to use ae 
oil-iuimei'sic»u coinleiiser with a suitable stop; this will give a giKwl 
dark ground up to ’Go N.A., Init it will fail if the object -is dry on 
the cover, (lenerally speakiiig, the only way of accomplishing' tln> 
with oljectives of wider aperture is to reduce the aperture «)f ili^ 
objective l>v a stop placed at the back. 

When a condenser is united by a film of oil to a slip, if the Hliji 
joow (?r>a.'u (''kmihe: comUnser Is focussf''!. 

The following is a metlioi] 



Tliin slip of j^lass witli 
It'dge to place glass 
slip with oil contact, 
so as to \ary the 
tluekiiess of a slide. 


Slide 
slip ^ 


sill) on tliiii 
lith ledge. 


whirli would he the case if the two edj 


hy which this may ho eti- 
tirely prevented. A pioi e 
of thick cover-glass ahoiu 
'02 inch, and 1 inch square. 
ha.s a sti'i[)of thicker glass. 
^ iiicli bi'aid, cemented la 
.shellac to one edge. Tl!i> 
[>iece of glass is oiled in 
the- slip, the lodge Iteing 
hooked over the top of tlir 
slide ; tliis not only j>re 
vents its slipping down, 
but also keeps the oil from 
cree[)ing out at the hoi tom. 
;'es of the glass coiiuhk'd.' 


This is illustrated in tig. 3Go. 

In its pro[>er place we have dealt with the .s\iitahle relatii>n of 
aporl are to ])Owei’, and have pointed o\it the irresist ible nature of 
tlie contentions and teachings of Ab]>e on the subject, Here a 
direct practical pi'esenlation of the niattei- may he of service to the 
student. 

A normal unaided human eye can di\’ide .. 1 ,r iiadf at ten incla>. 
Consequently a microsco[)e with a power of 200 should he capable of 
showing structure as fine as inch. Xow, as this power can lie- 

made up hy objective and a 1-inch eye-piece, it follows that 

sufficient aperture ought to ho given to the ^-inch to enable it to 
resolve 50,000 lhie.s per inch. This - will be * *• 52 X.A. The iiicli 
ulqectlve .should have half this aperture, and the j- doulile, and the 
^ four limes as much, if perfect vision is re(p\ired; in other words, 
'26 X.A. for every 100 diameters.^ These ideals have (as wc have 
before iudic-jited) been realised, notably by tlie Zeiss ajiochromatics. 
the 1-inch and the -^-incli ’ resoUing eserything capable of being 
appreciated by the eye when the 12 compens;iting eye- piece is used. 
The j-ineh is also a near ajiproach to the i<leal, as it has been vei y 
wisely kept a <liy lens. The oil-iiiimersioii i-iii. of 1-4 X.A, with 
a. 6 eye- piece also attains the ideal. This relation of aperture to 


* Q, M. C. Jounta!, Xoveiiiber 18H5. 

* In reality it will require more, because an axial cone is assumed to be used 
instead of an oblique beam. 

*• English McchiinU', vol. xxxviii. 188iJ, No, SI7V>.~E, il, Nelson. 

‘ This lens, with an 8 compensating eye-piece, will resolve a Plcnroalgtn" 
nnguhiiiim with an axial cone ; this is the lowest power with which it has ever tiren 
done. 
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pdwvr is very sigiiifiaint, ainl tshould Ije carefully pondered by those 
wlio still desire low apertures as the only perfect form of ol)jecti\es. 

It is as well to mention that objectives may be arranjjed in t^vo 
vdi-ics— one the 2, 1, and T the other U. One of 

ilieseserieK will form a eomy)lete batteiy, as it is unnecessarv t<» 
|i;ive objectives differing from the next in tluj series by le.vs than 
doable the power. 

The most usual combination is perhaps the 1 and the j of one 
>ci'ies, or the ^ and the ^ of the other. Of these two [)reference 
might rather be given to the latter. The only exception would be 
the addition of a l.^-inch for pond life. 

Eye-pieces should also double the |)Ower thus; .j. 10. ami 20 
(uncompensated), or 6, 12, and 27 (compensated), the viio>t useful of 
the three being the 10 (uncompensated) and the 12 (oompeusaled). 
.Vs there is no 6-power compensated eye-piece for the long tithe, a 4 
for the short tube admirably answers the purpose. 

In addition to the explanations already given oli the subjeet of 
testing objectives, it may be useful here to note lhat tlm (jiaditios of 
an objective are seven in number : — 

1. Magnifying ]jowei‘ (initial). 

2. Aperture or X.A. 

II Hesolving power. 

4. Penetrating powei'. 

0 . Illnmintiting power. 

6. Flatness of field. 

7. Defining power. 

1. M(fgniff/imf poorer. — Xo test is reipiired, as the initial nragni- 
f} iiig power can be directly measured. 

2. Aperture or 2s .A, can be directly ineasureil ; no test is there 
fore iiecessars'. 

li. Resolving pov:e.r. — A lens illnmiiiated ly a large .solid axial 
cone, when a (liflbrd’s sorocii is used, should resolve a number of 
Hues to the inch expi'essed by its N.A. multiplied by 80.000.* 

1. Remtratmg poirer is the leeiproeal of the resolving power of 

1 . ’ 

y ^ . 2s o test needed, Init yie net rating powei' vai'ies largely with 

the combined magnifying power, and also with the nuiguliiulp of th>'. 
iUnmmaUug cone used, as alrea<ly intimated. 

5. Illuminating pou'er is the sepia r(‘ of tlie numerical a[)erture 
(X.A.)‘\ Xo test is necessarv. but the reinai'ks made above in 
I'Cgar*! to penetrating power apply ecpially here, 

6. Flatness of field is, in tlie strict meaning of the term, an 
nptical impassibility, The best thing therefore i.s to rontract the 
visible field, as is done in the compen.sating cyc-pieccs. (Tests : For 
low powers a micro-photograpli ; for medium and high powei's a stage 
iiiiiTometer.) 

7. Defining power depends on {a) the reduction of spherical 
aherration, (/>) the reduction of chromatic aberration, (c) the perfect 
centring of the lenses — liy which is meant (i.) the alignment- of 


1 J.B.M.S. 1893, p, 15,-E. M, Nelson, 
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tlieir 4 )]itie nxes, (ii.) tlie piwallelisui of their phines, (iii.) the settiin^ 
(»r their planes at riglit angles to the optie axis. 

Df^ihuui pon'i^r ran (nily he tested by a ciitical image. Tlic 
following is a list of .siiitalde ol)jects of whicli a critical image is r, 
he obtained, using a solid axial cone of illumination erpml to at leao 
tliree-foiii-ths of the siperture of the objective. 

IVy lot>' jioti'fii's (d-, 2-. and H-inch). — ^Wing of A<jnou ptil. 
(‘Itdlinn ^ (dragointly), 

Aoa- jK^n'Ct's (1 and §). — Proboscis of blow-fly. Lai-gc diatom.s 
on <lftrk ground. 

poireys (-!}, and low-angled ^). — Minute hairs on 

p]-oboscis of ])low-rty ; hair of ])encil-tail latfuriis) : 

diatoms on a dark gronirl. This last is a most sensitive test ; mdcs< 
the objective is good there is sure to be false light, 

poire/'s (witli wide a|>ertui“e ), — Fleurosijjvia fonaosani ; 

Jijra \\\ balsiiin or styrax ; IHenroslgnui anyalaiunt {Xv'p on 
cover ; V)acteria and micrococci stained. 

HUjh pov'^rs (wide aperture and oil-immer.sion ^ and ]b).— 'fhc 
m'oiuftu'p of di(do)a^<, es])ecially the fracture through tlio 

perforations; Xavicfda rhouihokles from Cherrpfidd in balsam or 
styrax ; bacteria and micrococci stained. 

Test witli a 10 or 12 cye-piecc, and take into account the general 
whiteness and 1 >rilliancy of the [licture. 

The })odura scale is not mentioned as a test, as it may be very 
misleading in unskilled hands. One great point in testing objectivi's 
is to know your object. Care must Ijo exerei.sed to ascertain hy 
means (T ^•ertical illumiimtor if objects such as diatoms dry on the 
cover are in optical contact with tlie cover-glass, d’esting oljei'tivi's 
is an art which can only be accpiived in time and with ex|)erieiu-i‘ 
gained by seeing large numbers of objectives. 

In the nianijmlation of the microscope it, is not, miconimon la 
ob.serve the o[)erator roUi/uj the milled liead of t.lie fmi odjastimud 
instead of firmly grasjang it between the Anger and thumh and 
gowriiiiig, to the minutest fraction of arc. the amount of alteration 
he <lesires. It is niulesirable and an entirely inexpert procedure to 
roll the milled head, and caiinot yield the fine residts which a deb* 
cate mastery of this part of the instrument necessitates and implies. 
To use ariglit the fine adjustment of a first-class niiernsco]>e is imt 
the first and easiest thing mastered by the tyro. We liaN c already 
intimated that the fine adjustment should never be resorted to wliile 
the coarse adjustment can be efficiently employed. The focus should 
ahvavs he found, evim with the Inghest powers, by means of tie 
coarse adjustment. It is only a clumsy microscopist wlio brings Ids 
objective by means of the (‘oarse adjustiiient near the cover- glass ;uid 
looks at the distance he is off it eitlier by the eye or liy the aid ol a 
band magnifier, inal then completes his work with the fine adjust - 
iiient. In ev(>i'jf r.<(sp, the focus ought to be fonml by the coarse 
adjnstiiieiit . and the working distance shoidd be fdi by the finger 
tilting the .slide gently against the front of the objective. Also tlic 
examination of objects for depth of structure with low and metliimi 
[lowers n[» to the tlvy }- or ^-inch objective should be perfmined ly 
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file eoiivse iidjiistment ; only the very finest details, sueh os tlie jjodurfi 
•,‘xclamation^ marks, require the line adjust nieiit. 

Ifeyond the correct and judicious use of tlie microscope and all 
its appliances, there is the matter of tlie dliiiliKdloii of lU'rora of m- 
i rpi'^tatlon to be carefully (considered. 

The correctness of the conclusions whicli the microscopist AS’ill 
draw regarding the nature of any object from tlie \ isual appearances 
which it presents to him wlien examiiied in the various modes now 
.^[lecified, will neeessjuily depend in a great degree u])on his [ireA'ions 
fxpcrience in microscopic observation and upon his knowledge of 
the class of bodies to which the particular specimen mav belong. 
N'ot only are obseiwalions of aap kind liable to certain falhu'ies 
arising out of the jmevious notions wliich the obser\'(‘r may entertain 
in regard to the coiisliliition of tlie objects or the nature of the actions 
m which his attention is directed, but even the most ])ractis?d ob- 
carver is apt to take no note of such [ihenomcna as his mind is not 
prtqfared to appreciate. Ei'roi's and inqierfections of lliis kind can 
only be corrected, it is obvious, liv general advance in scientific 
knowledge ; but the history of tlnon affords a useful uariiiug against 
hasty conclusions drawn from a too cursory examination. If the 
liistory (if almost nop scient ific iii\esiigation w ere fully made known, 
it would generally a[)ppar that tlie stability and conqileteness of tln^ 
roiiclusious finally arrived at had only been attained aftci* inaiiv 
modifications, or even entire alterations, of doctrine. And it is 
therefore of such great iiiqxa-tance as to be almost essential to tlie 
correctness of our conclusions tliat thev should not be linall}’ formed 
and announced until they have been tested in e\eiy coiiceivahle 
iiioile. It is dne to science that it should lie burdened witii as few 
false facts and false doctrines as jiossible. Tt is due to otlier truth- 
seekers tliat they should not be misled, to the great waste of their 
time and [laiiis, liy our errors. And it is due to oiu'selves that we 
sliould not commit our reputation to the chance of impairment liy 
tlie premature formation and publication of eoiiclusious whieli may 
heat once reversed by other observers lietter informed than our- 
selves, or may be jirovod to be fallacious at some futui'e time, per- 
ha]>s even by our own more extended and careful resean'hes. The 
Hi’upfinshii of jndijmmt n-keoev^r mpios room for dooht is 
u lesson inculcated liy all tliose philosophers who have gained tlu* 
liighest repute for ])raetieal wisdom ; and it is one whi(‘]i the iiiicro- 
scopist cannot too soon learn or too constat itly practise. 1 k'sides these 
general warnings. Imwever, certain special cautions should he given 
To the young uiiciuscopist with regard to errors into whi(di he is 
liable to be led even when the l eiw' best iusti'iunents are employeih. 

Errors of interpretation arising from the imperfection of the 
ficfd (uJjnstnimt are not. at all uncommon amongst niicroscopists, 
ami some of tlie most serious arise from the use of small cones of 
illumination. With lenses of liigh power, ami especially witli those 
of large numerical aperture, it very seldom happens that all the 
]iarts of an object, however minute and flat it may be, can be in 
focus together; and hence, when the focal adjiistmeut is exa('t;ly 
made for one jmvt, everything that is not in exact focus is not only 
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iiioi-e or les:^ but is often wrongly represented. The u:- 

(listinetness of outline will sometimes present the appearance of 
pellucid border, which, like the diffraetion-band, may be inistak*-!, 
for actual substance. But the must cmmuoii ei-ror is that wliicli i- 
pr<»du<'ed by the reversjd of the lights and shadows resulting from tj.,. 
refractive powers of the ol;>jeet itself; thus, the hi concavity of thr 
l)hK)d discs of h\imaii (and other inaimmdian) blood causes tluh- 
centres to a[)pear dark when in the focus of the mi(*roscope, through 
the divergence of the rays which it occasiojis; but when they aiv 
brought a little within the focus by a slight approximation of t In- 
Ob joct-glass (lie centres appear lirighter than the peri})heral parts of 
the discs. The student should be warned against sup])Osing that ia 
all cases the most posltlrp. and striki/uj a,])pe;u'aiLce is the truest, fni- 
this is often not the case. Mr, Slack’s optical tUasion, orsd/m-fvea-/- 
illustrates an error of this description. A drop of water holding 
colloid silica in solution is allowed to evaporate on a glass slide, ami 
when quite dry is covered with tliiii glass to keep it clean. The 
silica <leposited In this way is curiously cracked, and the ///?cs7 of 
tlu'se cracks can lie made to })resent a very positive and decc])ti\e 
a[)pearaiiL‘e of being raised bodies like glass threads. It i.s also easy 
to obtain diftraetion -lines at their edges, giving an ap[)earanci* of 
duplicity to that which is really single. 

A verv iiii[)ortant and veiy frequent source of erroi‘. whirl i 
.sonietinies ojjerates even on (‘xperieiu'cd microseoplsts. lies in tlu- 
refractive intlnence exerted by certain peculiaritie.s in the inteiaial 
.structure of objects upon the rays of light transmitted tln-ough 
them, this infineiu'e heing of a nature to give rise to appearances 
in the image, which suggest to the observer an idea of their cause 
that may he altogether difterent from the reality. (.)f this fallacy 
we have a ‘pregnant instance’ in the misinterpretatioiu»f tlie nature 
of the lacaafe and caiKdica.U r)f Ixme, which wore long supposed 
to he solid eorpuselcs with radiating filaments of peeuliai* ()]iacity. 
instead of l)eing, as is now nniver,s:dly admitted, minute ehamlxa-s 
with diverging passages excavated in the solid Os.seous suhstance. 
Wlmn (Janada Ixdsain fills uj) the excavations. Ixdng nearly of file 
same refractive power as the hone itself, it ohl iterates flieiii 
altogether. So, again, if a per.son who is nna(‘Customed to the ust- 
of the niieroseo]>e shrjultl lan e his attention directed to a jmeparataai 
mounted in lupiid or in balsam that might chance to contain air 
(aihhhs. he will be almost certain to be so much more .strongly 
impressed by the appearances of these than by that of the object, 
that his first remark will l>e upon tlie nnnil)er of strange looking 
hlick ring.s which he .sees, and his first iiKpiiry will he in regaj'd tn 
tlieir meaning. 

Although no expeiiencod niievoscopist could now he led astioy 
in’" such obvious fallacies as those alluded to, it is neces.saiy t'» 
notice them as warnings to those wlio liave still to go through tlv 
.same education. Tlie best, method of learning to ap|n'eciate tln' 
class of a ppen ranees in (pie.stion is the comparison of the aspect, ot 
globules of oil in water with that of globules of water in oil, or ol 
I Montlihj Microacopkal -Journal, vol. v. 1872, p. 14. 
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l,n))l)les of nil- in water or Cnnacln baisiun. Tliis comparison may 
j,<> very readily made by slinking np some oil witli watni' to which 
;i little gnm has been added, so as to form an emulsion, or liy 
.imply placing a droj) of oil of turpentine (coloured with magenta 
or carmine) and a dro[) of water together u]ion a slide, laying a thin 
ulass cover over them, and then imn'ing the cover hackvsards and 
inrwMi-ds several times on tlie slide. E(pially instructive are the 
;itipearanoes of an air-hulible in water and Canada halstim. 

The ligure.s whicli illustrate the a])pearan(;e at various points 



Fa;. 366.— Air-bubbles in (1) water; (2) Canada balsam; (3) fat-globules in water. 


(if the focus of ail air-bubble in water and Canada balsam, and of a 
fiit-globule ill water, may be thus illustrated, viz. a diapliragm of 
nhoiit I of a mm. being placed at a distance of 5 mm. beneath the 
-(tiige, anil the conca\e mirror exactly centred. 

.1 in trnior. — Xo, 1 (fig. 3(i(3) represents the different 

:il»pearanees of an air-lmbble in water. On focussing the objective 
to the middle of the bnblile (11). the centre of the image is seen to be 
vt-i-y bright — brighter tliaii the rest of the field. It is siirronuded hy 
(I greyish zone, and a soniewliat broad black ring interrupted by one 
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(,r more bri^^hter oiroles. Round the black ring are again one 
more conceiiti-ic. circles (of diffraction), brighter tlian the held. 

On focussing to the bottom of the bubble (A) the ccntinl wbit.. 
circle diminishes and becomes brighter; its margin is sharper, ;oO 
it is sun'ounded l)y a very l.road black ring, which has on ii. 
i>erii>herv one or more diffraction circles. 

^ When tlie objective is focussed to the npper^ surface of 
bubble (C) the central circle increases in size, and is surrounded by 
a ‘neater or less number of rings of various shades of grey, arouinl 
which is again found a black ring, but narrower than those in tin* 
previous positions of the objective (A and B). The outer (arcles if 
dillVaction are also much more numerous. 

Air-hahhUs In Canada b(dsam . — (Janada balsam being of ^ 
higher refractive index than water, the limiting angle, instead of 
henn^ 48^ Af)', is only, so that the rays which are incident mucli 
less obliquelv the s\iiTace of separatioTi undergo total rellexiun. 
and it will be only those rays which face very close to the lo\\ei- 
pole of the bubble that will reach the eye, and the black margiiml 
zone will therefore be mueh larger. Tliis is shown in fig. 366, Ao. 2. 

AVhen the objective is focussed to the IxMlom of t,he bubble 
(A'), we bave a small central circle, brighter than the rest of tlie 
Held all the rest of the l)ubble being black, with the exception of 
some periphend diffraction rings. On focussing to the centre (B'} 
or upper part (O') of the l)id)l)le, we have sub.staiitially the same 
apjica ranees as in B and 0, with the exception of the smaller size 
of the central circle. 

tat-gloUba in iraten (tig. 366, Xo. _ 3).— These illustrate the 
case of a highly refracting body in a medium of less refractive powei . 

AVben the objective is adjusted to the bottom of the globule A”, 
it a])pears as a grey disc a little darker than the field, and sejiaratnl 
from t he icst of the held by a darkish ring. 

Focussing to the middle of the bubble (B^^), the central disc 
becomes somewhat brighter, and is surrounded bv a narrow black 
ring, bovdere<l within and without by diffraction circles. _ 

V)u further removing the objective the dark ring increases m 
size, and when the upper part of the bubble is in focus, we have 
((J") a small white central disc, Inigliter than the rest of tlie field, 
and sharplv limited by a. broad, dark ring wliich is blacker towards 
tlie centre. 

These appearances are the cuiu erse of those presented l>\ tia’ 
air-bublfie. That, as we saw, lias a black ring and a wliite centre, 
which are tlie shai'per as the olijectivc is approaelied to the lower 
pole of the bubble. The fat globule has, however, a dark ring 
which is the bixiader, and a centre which is the sharper, according 
as the objecti\-e is brought nearer to the upper pole. 

These considerations, iqiart fi'om their enabling us to distmgni.di 
between air-bubbles and fat-globules, and preventing their being 
confoundtHl with the histological elements, enable two gem'val 
principles to be established, viz. bodies whicli are of greater re 
fractive power than the surrounding medium have a white ceutiv 
which is sliarper and smaller, and a black ring which is larger when 
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tho oljjeetive is witlidrawu ; wlkilst those which iive of less refi-active 
p.iwer liJive a centre which is whiter and smaller, and a hlack ring 
v.liicli is braider and darker when the ohjeetive is lowered. 

MonochromMk lujht. — The same plienomena are ohser\'ed l)v 
\ ,^.|low mouoeliromatic light, except that the difiVaction fringes are 
distinct, further apart, and in greater nnml)ers tlian with 
<11 dinar V light. 

A fat-giobnle, indeed, seems to be composed of a series of con- 
ivntvk layers like a grain of starcdi. With blue light tliese fringes 
;ti e also multiplied, but are closer together and finer, so that thev 
;,iv not so CJisily visible. 

Aellow monochromatic light, therefore, constitutes a good 
means foi' determining whether tlie striie seen on an object are 
peculiar to it or are only diffmetion lines. Jn the former case 
rhev are not exaggerated Iw moiioclii'oniatic light; but if, on the 
cuiitrary. they are found to be doubled or (quadrupled witli this 
ii<;ht, we may he certain tliat they are diffraction fi'inges. 

But there is no source of fallacy, to a certain class of workers, so 
much to he guarded against as that arising from errors in the inter- 
jii ctation concerning movements as such, and especialii/ concernhaj 

movement exhibited h}j certa'ui’ v&nj 'tninate particles of matter in 
II date of suspension infuids. The movement was first observed in 
the fine granular particles which exist in great abundance in the 
(•(intents of q)olleu grains of plants known as tlie/or(Y/((, and wliicli 
are set free by crushing the qiollen. It was first suqiposed that they 
indicated some special vital mo^•ement analogous to the motion of 
The sq)ermatozoa of animals. But it was discovered in 1827, hy Dr. 
Ihiliert Brown, that inorganic sulistances in a state of fine trituration 
wniild give the same result ; and it is now known that all sii]:Kstances 
in a. sulllciently fine state of [lowdcr aie affected in the same manner, 
(uie of tlie most remarkable being the movement ^■isihle in tlie con- 
tents of the fluid cavities in (quartz in tlie oldest rocks. Tlie.se have 
[irohahly retained theii' dancing motion for seons. A g(X)d illustra- 
rion is gandxige, which can lie easily rubbed from a water colour 
cake upon a glass sliqi and covered, and will at once siiow tlie 
cliaraeteristic movement ; so will (xarmine, indigo, and other similarly 
light bodies. But. the metals which are from se\'en to twenty times 
!is heavy as water require to be reduced to a state of minuteness 
many times greater ; hut, triturated finely enoiigli, these also show 
the inuvemeiit, for a long f ime known, from the name of its dis- 
t'ovei'Cr, as Bromnian movement, but now more gcnerallv called 
irdesis. 

The moN’emenfc is chiefly of an oscillatory nature, but the particles 
nl.xo rotate backwards and forwards on their axes, and gradually (if 
|i(‘i>istently watched) chamje thedr places in the field of view. It is an 
extremely characteristic movement, and could not be mistaken for 
miy vital motion by an observer acquainted witli luffli ; but the 
stiuloiit must familiarise himself with this kind of motion or he n ill 
ke utterly unable to distinguish certain kinds of motion in minute 
living forms in certain stages of their life from this movement, and 
"ill make erroneous inferences. 
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'Hie inovenieiit of the smallest pavticles in pedesis is always ii:;. 
most aotive. while in the majovity of ftiscs pjirticles gimtev than \h‘ 
of an ineh are wholly inactive, A drop of coimnoii iii\ 
wliich ha s lieen exposed to the air for some weeks, or a drop of iii;,. 
{‘lay (siidi as the prepared kaolin iised l)y photagvapl\ers), shaken !i|i 
with water, is recommended ]>y Prtdes.sor Je^‘ons/ who has iwentlv 
studied this subject, as showing the movement (whicli he designutis 
jwlesis) evtreinely well. Ihtt none of the particles he has examimd 
is so active as those of pumice -stone that has been ground up in an 
agate mort.-ir ; for those are seen under the microscope to leap aiii] 
swarn^ witii an incessant quivering movement, so ra|hd that it is 
iuqiossilde to follow the course of a particle, wliich probablv cliangfs 
its direction of motion fifteen or twenty times in a second. T]|,> 
distanci* through which a jiartide moves at any one bound is usualK 
less than (MMith of an inch. Tliis Ih'ownian movement’ (as it is 
C{)nintonly termed) is, not due to evap{>ration of the liquid, for ir 
(•{mtinncs without the least abatement of energy in a drop of aqunuN 
diiiil t bat is completely surrounded by oil, and is therefore cut oj}' 
from all possibility of evapomtion : audit lias been known to con- 
tinue for manv years in a small (piantity of fluid eudo.sed between 
tiro glassi's in an aii'-tight case; ami for the .same rea,son it can 
scarcelv be {‘oniiec'ted with the c“lieiiii<‘al diange. Ihit the observa- 
tions of Professor Jevons (/oc. c/^,) show that it is gi'eatly afieclcl 
by tile admixture of various substances with watei“, being, for 
example, incrcnisod by a ,‘^maU admixture of gum, while it is checkcil 
by an extremely minute admixture of sulphuric acid or of larions 
saline (‘onqioiiiids. these (as Professor Jevons jioints out) lieing all 
such as iiKO'Case the conducting power of water foi' electricity, flii- 
rate of subsidence of finely iliviiled days or other particles siispemlcil 
in wati-r thus gi'eatly depends ujinn the activity of their ‘Brownian 
movement.’ tor when this is brought to a stand the particles aggn- 
gate anil sink, so that tlie liquid dears itself.^ 

Pedetic motion depends on, that is, is affected by — 

1 . The of the particles. 

'1. The !<i>eclf(C (fi'aritjj of the part ides, ATetals, or paidicks nf 
veriiiilioo. of similar si/.e to particles ol* silica or gamboge, move iiiiuli 
more slowly and le.ss fre(|uently. 

A. The. naiiire of the, liquid. Xo liquid stops jiedesis, but liquid^ 
which have a chemical action (ni the substance do liinder it. This 
action may be very slow ; still it tends to agglomerate the particles. 
For instance, barium sulpliate, when precipitated from the calil 
solution, takes a long time to settle ; wliereas, when warm and in 
presence of liydrochloric acid, agglomeration soon occurs. Iron ])re- 
cipitated as hydrate in presence of .salts of aininoniuin, and mud in 
salt w'ater, are other instances. The motion doe.s not cease, but tiie 
pai’tides adhere tf\gether and move very slowly. 

But besides the right appreciation of the nature of |,)e(lesi‘'. 
there is the utmost caution requii'ed in the interpretation of tlir 

^ Qnarlerhj Journnl, of Micro, Srieuce, N.S. vol. viii. 1878, p. 172. 

‘ See abo the Rev. J. Debaulx, ‘ On tlie Thermo- dynamic Origin of theBro"iOLUi 
'Motions,' in Monfhhj Jounud of Mkrosc. Set vul. xviii. 1877. 
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^.((pidity of 'movement, and kind of mo vement, 'ivhicli living ftn<l motile 
ibrms effect. 

The observation of the phenomena of motion 2 mdev the microscope ^ 
hiiK led to many false views as to the nature of these movements. 

[f. for instance, swarm- spores are seen to travei-se the field of view 
in one second, it miglit be thought that they race through the water 
;it tlie speed of an arrow, whereas they in reality traverse in that 
time only a third part of a millimetre, which is somewhat more than 
a metre in an hour. It must not, therefore, he forgotten that the 
I'aliidity of motion of microscopical objects is only an apparent one, 
and that its accurate estimation is only possible by taking as onr 
^r;uldard the actual ratio between time and space. I fwe wish, for 
tlie sake of exact comparison, to estimate the magnitude of the mov- 
iiiif bodies, we may always do so; the ascei-taiument of the real 
i'jtpidity i-emain.s, however, with each successive motion, the princa- 
pal matter. 

If a screw' shaped spiral oh j eel, of slight thickness, revolves on 
irs axis in the focal plane, at the same time moving forward, it 
presents the deceptive appearance of a sei'pejitine niotion. ^fhiis it 
is that the horizontal projections of an object of tliis kind, eorre- 
spending to the successive moments of time, appear exactly iis if the 
Kiovement -were a true serpentine one. As an example of an apjfear- 
am-e of thi.s nature we may mention the alleged ser])entiiie motion 
of spirillum and Vibrio, 

Similar illiision.$ are also produccal by .swarm- spores and sperma- 
tozoa ; they appear to describe ser[)entine lines, while in reality they 
move in a spiral. It w'as formerly thought that a number of difler- 
ei it appearances of motion must be distinguished, whereas modern 
obseiaers have recognised most of them as consisting of u forward 
movement combined with rotation, where the revolution takes place 
somel lines round a central, and sometimes round an eccentric, axis. 
To this category belong, for inst^mce, the supposed oscillations of 
tlie fmilktorice, wliose changes of level, when thus in motion, were 
fmTiicrly unnoticed. 

Ill addition to tliose oliaracteristics of a .spiral motion it must, of 
CDiu'sc. be ascertained whetlier it is right- or left-handed. To dis- 
liugui.sh this in spherical or cvlimbical bodies, which revolve I'ound 
a central axi.s, is bv no means easy, and in many cases, it the objccl.' 
is very small and the contents homogeneous, it is quite impossilile. 
Tlio slight variations from cvliiidi'ical or sphcriciil form, as they 
occur ill each cell, are therefore just sufficient to admit of our pev- 
ceii-iiig wlietlu'i' any rotation does take place. The discovery of tlie 
direction of the rotation i.s only possible when fixed poiiit.s w hose 
position to the axi.s of the spiral is knowm can he followed in their 
motion round the axis. Tlie same holds good also, ^natatis nitdandis, 
of spirally wound threads, spiral ve.ssels, Ac.; we must he able 
To di.stinguish clearly wdiich are the sides of the windings turned 
towai'ds or turned aw'ay I'rom us. 

If the course of the windings is very irregular, as in fig. M7, a 
little jjractice and cai’e are needed to distinguish a sparal line as 
‘ Dan MiJiroshop, Xucgcli and Rclwvendcner, p. -08 (Eng. edit.). 

F F 
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snoliiii sninll objects. The nueroseopical image might easily h-ul 
11 .S to the conchisiou tluit we were examining a cylindrical bo.h 
composed of licUs or funnels inserted one in !\notlier. The spii-iiHy 
thickened threads, for instance, as they oi-iginate from theepideniiiV 
cells of many seeds, were thus interpreted, although here and thciv 
hv the side of the irregular spirals quite regular ones are idsu 
oi)served. In illustration of tins a very excellent example is given 
in the‘Qnekett Journal’ for 1899 (Xo. 44), p, 16(>, where 

Xelsoii shows that a certain structure in the 
remarkable diatom ('liviacosphe/am 
which for a long time has been reganled as inter 
locking teeth, is in reality a S])iral pipe. 

Moreover, it must not he forgotten tltnt in 
the microscopical image a spiral lino rdways ap- 
pears wound in the same manner as when seen 
with the naked eye, while in a mirror (the iiner- 
siou being only a half one) a, right-handed screw 
is obviously re})i'escnted as left-handed, and con- 
versely, If, therefore, tlie niicroseopical image 
is observed in a mirror, a.s in drawing with tiie 
Sommeving mirror, or if the image- forming pen- 
cils are anywhere turned aside hy a sijigle rcHcc- 
tion, a similar inversion takes place from right- 
T. , - , lianded to left-handed, and this inversion is again 

in motion. cancelled by a secomi rcnexion in .‘^ome micro- 
scopes. All this is, of course, well known, ami to 
the practise*! oliserver self-evident; nevertheless many microscoj lists 
have shown that they are still entirely in the dark about niatteis of 
this kind. 

One of Professor Ablie’s experiments on dijjraction ji/teiwiiKooi 
prove.sthat when the diffraction spectra of the first order arestoppcl 
out, while those of the second are admitte*!, the appearance of tlu- 
strvicture v ill be doul Jc the fineness of the actual structure which 
causing the interference. ‘ 




Fat. 


Fio, 


ana. 


Fui. 




Open this law there ap})eavs to dejjend a number of possiVile 
fallacies, errors which may arise from either its misappreliension or 
misinterpretation. At least tliese appear to us, from a practu'af 
p<>iut of \ ie\v', to lie of sufficient importance to need either caution 
or a fuller exposition of the great law of Ahiie in regard t.o them, 
if, foe example, figs, 3G8, 3G9, and 370 may l)e taken to represent 
' See Chaptei II. 



IXTERPEETATICtN OF THE N.A. TABLE 


435 


a stpfire grating having 25,000 holes per linear inoliat tlie focus of an 
objective at P, FI) the dioptric beam, P* P* diflVaciion spectra of the 
first order, and P- P^ those of the second order, then if tlie objective 
is iiphuiatic all those spectra will 1>e bronglit to an i<Ientical focal 
coiijiigate; and the image of tliegrathig will bo a coiinterput of the 
structure, characteristic of such a group of spectra. Let, us suppose 
(lur objective to beover-correcte<l, as in fig. 369, then \clieu tlie grat- 
ing is focus-sed at P the ftpeAitra oj i}i<i first onhr (mh/ vill he hrou(jht 
fa i/iG focal conjugute ; the inmge, hou’cver, will not lie materiiilly 
iillbcted on tliat, account, as the (liffi'iiction elements of t he first order' 
;ire alone sufficient to give a truthful representation of the 25,000 

inch gi'ating. If, however, the objective be raised so that tlic' 
:;rating lies at F', the, dJfractioii dements of the semnd or<hr onh/ ace 
ficoaght to the focal conjugate; consequently by the hyp<i1he.si.s the 
iitiiige will have 5(},()00 liolos per line;ir inch, or douhlo that of the 
original. In otlier words, pL-icing a grating at the longer focus of an 
over-corrected objective is appjireutly tantamount to cutting out the 
iliffraction spectra of the first order by a stop at th(‘ l>ack of the 
iilijcctive. 

The effect of tliis is to give an impre.ssion tliat tiiere is a .strong 
griding witli 25,000 holes per linear incli ; iunl ovei' it another gjut- 
i in: with 50,000 holes per linear inch. The raising the focus .^o as 
to'liriug P to P' necessarily gives the idea of tlie fine structure lieing 
superimposed on the coarse. Therefore the microscopist slioidd 
beware, wdienewr lie notices a structui'e of double fineness over 
iinother one, lest he lias a condition of things siinihir to fig. 3(50, The 
following is a test w hich may he applied to confii'ni the genuineness of 
iiiiv sucli structure. First measure by means of the divided head 
of the fine-adjustment screw, as accurately its possible, tin? 
movement required to bring P to P^ in fig. 3(19 : next bv means 
of the draw-tube incrciise the distance between the eye-piece and tlie 
objective: this wall Inive the efieet of iiici'e;ising the over-correction 
of the objective, and a state of things will be ohtaineil as in fig. 370. 
lienee it will require a larger movement of the fine-adjustment 
screw to bring P to P'. This will make the distiUice between the 
-■(O.OOO grating jind the 25,000 ginting appear gi'eater than it was 
before. If this tales place the oOfW grail ng is a mere d if caction- 
It is well to note tlnd we Imve seen a photograpli by 
3Ii‘. Comber of a diatom siirfice whicli is niieven. In tliuse parts 
where tlie focu.s is correct the structiu'e is single, hut in tlie [laiis 
whei'e (lie focus is witlulrawn it is double. 

A ju-eciselv similar condition of things exists with an undei’- 
corrected objective, only in that c;ise the false liner gi'ating will 
!i|i[ie!n' below tlio original coarse grating, and to increase the distance 
between them the draw-tube must be shortened. 

It may therefore be of scrvici' to give an e.xanqile of the use of 
(la* numerical aperture table as a check in the interpretation of 
structure. 

Fig. 371 give.s six illustrations of the hack of an objective (the- 
qvc-piece being removed) of '83 \.A,, or 1 12° in air, I) stands for 

r F 2 
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(lioptiic beam; 1 for diffraction t^pectvuDi of the first order; 2 t,v 
diffraction spectniiu of the second order. 

When tlie back of an ol)jective of ‘Bd X.A. shows an arraiip>- 
meut as in 


No. 1, then, although the structure will be invisible, 

it cannot be coarser than . . . 40,000 per inch. 

No. 2 n „ „ 80,000 

No, 3, then the structure does not differ greatly from 40,000 „ 

No. 4 „ „ 80,000 

No. 0 20,000 

No. (i M „ 40,000 


It will bo understood by the student that t\ie preservation of iho 
microscope and its apparatus is a matter that must largely depetif) 
upon liis own action. The stand shouhl l)e kept from dust, generally 
wi[ied with a soft chamois leather after irse, and when needful :i 
minute (juantity of watehmakcr's oil may be put to a joint w'orkintr 
stiffly. There is no better way to preserve this stand than to keep 
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it eitiier under a bell-glass or in a cabinet which is easily accessible. 

All objectives should be examined after use, and all oils or otlKu- 
fluids carefully wiped away from them with old cambric which has 
been thoroughly washed with soda, well rinsed and not ‘ironed’ oj- 
finished in any way, but simply dried. 

If chemi(.*al reagents are employed the cessation of their use 
shouhl become the moment for wiping with care the lenses employed ; 
4\nd all processes involving the use. of the vapours of volatile ndds, 
or which develoj.) sulphurettetl hydrogen, chlorine, Ac., inu.<t nevei' 
take place in a I'oom in which a microscope of any value is placcil. 

Dry elder-] ath and Japanese paper are by some workers sug- 
ge.sted for cleaning the front lenses of iiomugeneous objectives; hut 
while the.se are excellent, especially the former, we find nothing 
1 letter than the simjile cambric we suggest. 

Two or three good clmmoi.s leathers should be kept by the 
worker for specific purposes and not interchanged. Cleanliness, 
care, delicacy of toneb, and a juu’pose to be accurate in all tliat he 
'loes or seeks to do are essentials of the successful inicroscojiist. 
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It may be noted that dust on the eye piece c<an be detected in a 
dim light, and cun be discovered by closing the iris diajdiragm. Tlie 
I,4is of the eye-piece on which tlie dust appears may be localised bv 
l otation ; and this should be done I'lefore wiping. In reference to 
dust on the back of the objective, it should be observed tliat if the 
fve-piece be removed, dust sometimes appears to be upon it which 
comes really from the focus of the sub-stage condenser, mid is, in fact, 
not on the back of the objective atall. To find this (‘ondition, remove 
the light modifier (if in use), for the dust may be on it, ami rotate 
the comleuscr ; else there will be needless and injurions rnldfing of 
the l)ack lens of the objective. 

With oil -immersion objectives dust or uir-bubhlcs iu the oil must 
1)0 carefully avoided. 

If chamois leather be used for cleaning the lenses, it .should he 
jiroviously ^vell beaten and shaken, and then kept constantly in a 
woll-made box. 
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CHAPTER Vn 

rjiEPAIiATTOX, MOUXTiyG, AND COLLECTION OF OBJECTS 

CxDEU tliis liend it is intended to give an accoinit of those materials, 
instrnnient.s, and appliances of various kinds which have been fouirl 
most seia'ieeable to niicroscopists engaged in general biological i r- 
search, and to describe the most appro’s'ed methods of emplo^ illg 
them in the preparation and monnting of objects for the display of 
the minute stroctures tluis brought to onr knowledge. Jsot oiilv is 
it of the greatest advantage that the discoveries made by microsco|m' 
research should — as far as possible— be embodied (so to S[»enk) in 
' [u-eparations/ which shall enable f hem to be studied by every f^no 
who may desire to do so, hut it is now universally admitted that 
such ‘preparations’ often show' so much more than can be seen in 
the fresh organism that no examination of it can be considered as 
complete in which the methods 7uost suitable to each pu'ticulai 
case liave not been put in practice. It must be obyioiis that in a 
comprehensive treatise like the present sucli a (jewral ti'catmeni of 
this suliject is all tliat can be attempted, excepting in a few' in.staiices 
of pecnliar interest ; and as the histological student can find all 
the guidance he needs in the numerous manuals now' prepared for 
his instruction, the Author will not feel it requisite to furnish hiai 
witii the spKud directions that are readily accessible to him elsC' 
where. 

PIatekials, Jxstku.mexts, and Aepliaxces. 

Glass Slides. — The kind of glass best suited for mounting objects 
is that wliicb is known as ‘ patent jdated and it is now almost in- 
variably cut, by the common consent of microscopists in this cuimtrv. 
into slips measuring ii in. by 1 in. For objects too largo to to 
mounted on these the size of 3 in, by 1-^j in. may be adopted, ^luh 
slips may be purchased, accurately cut to size, and ground at the 
edges, for so little more than the cost of the glass that few' perstms 
to wdiom time is an object would trouble themselves to prcpaiv 
them ; it being only w'ben glass slides of some unusual dimeu4on> 
are require<l, or wdien it i.s desire*! to construct ‘Iniilt-up cells, that 
a hmilitv in cutting glass with a glazier’s diamond ]>ecomes u.scfiil. 
The glass .slides prepared for use shonhl be free from veins, air-bubbles, 
orotfiei' flaws, at least in the central part on which the object is 
[daeed ; and any whose defects render them unsuitable fra* oi'ilinary 
p\irpose.s sliould be .selected and laid aside for ti.ses to which the 
working micro.scrjpist will find no ditficnlty in putting tlteiii. A' 
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;ie .slips vary considerably in tliickness. it will be advantageous to 
■ eternuiie on a gauge for thhi, thick ^ and mcdlnm gbiss, The fir.st 
iinv be employed for mounting delicate ol)jeets to be viewed by the 
jiitfh powers with which the apochromatic and achnnnatic condensers 
;iv'e to be used, so as to allow plenty of room for tlie focal ^xiint of an 
.»|itical combination with great apertui-e to be fi.\e<l readily upon tlie 
plane of the object ; the second sliould be set aside for the attaeli- 
iiieiit of objects which are to be ground dowm, and for which, there- 
inr*'. a stronger mounting thiui usual is de.siral)le ; and the third are 
ro be used for mounting (U'dinary <)bje(;t.s. (Ireat care shouhl be 
T:iken in washing the slides, and in removing from them every trace 
of itreasiness by the use of a little soda or jx^tass solution. If this 
diould not suffice they may be iuimei'sed in the solution recommended 
]iv Dr. Seiler, composed of 2 oz. of bichromate of potass, H fl. oz. of 
sulpluiric acid, and 25 oz, of water, ami afterwaids thoroughly rinsed. 
(The same .solutiftu may be advantageously used for cleansing cover- 
glasses.) Hefore they are put away the slides should he wiptxl 
perfectly dry, fir.st with an ordinary ‘glass cloth,’ and afterwards 
witli an old caiiihric handkerchief: and before being used eacli 
slide sliould be washed in metbylated sjdrit to ensure fi'eedom from 
gvoasiness. WJiere slides that have been already em|)loyed for 
iiioimting preparations are again Ijrnught into use, great care should 
he taken i]i completely removing all trace of adlau'ent varnish or 
oeinent — first byscrajiing (tvire being taken not to scratcli the glass). 
Then bv using an a[)proy)riate solvent, and then by rubbing tlie slide 
with a mixture of equal })avts of alcohol, benzole, and liquor soda?, 
finishing with clean water. 

Thin Glass. - The older microscrqasts were obliged to employ thin 
laiiiime of tak for covering objects to be viewed with lenses of short 
focus; but this material, which w.as in many resy)ects objectionable, 
is entirely superseded l:)y the thin glass manufactured by Alessrs. 
Ctiauce. of Birmingliain, which mav be obtained of various degrees of 
diickness, down to the . „th of an inch. This glass, being iinannealed, 
is very bard and brittle, and much care and some dexterity are re- 
quired in cutting it ; hence covers should he y)ui'chased, as required, 
from the dealers, who usually keej) tlmm in several sizes and .supply 
aiiv others to order. Rave the fact that. ‘ cover- glass’ is made by 
Messrs. Cbauco, tiiore is no ilefinite information as to the mode of its 
mauufacture and the conditions nymn which it is most satisfactorily 
produced. It would be an advantage to the uiieroscoyust to ytossess 
mformation on this yioint. The difterent thicknesses are usually 
I'iiuked as 1, 2, and 3 ; the first, which sho\dd not exceed in thickness 
the 'OOfi In., being used for covering objects to be viewed with 
powers: the second, which should not exceed '005 in. in thickne.ss, 
for objects to be viewed with medium, powers; find the third, which 
"light never to exceed '004 in. in thickness, for objects which either 
irquive or may be eayiable of being used with high powers. It must, 
iuavevcr. be remembered tliat the achromatic objectives of great 
"ower and great nyierture (1’5) will require much thinner covers 
fiiiui even this. The thinnest glass is of course most difficult to 
liandle safelv.aiid is most liable to fracture from accidentsof various 
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kinds; uiid hence it sliould only be employed for the pin‘})ose ibr 
wliich it is fibsolutely needed. The thickest pieces, again, muv l..- 
most advimLageously employed as coveivs for large cells, in 
objects are mounted in fluid to be viewed l)y the low powei's mLos,* 
performance i.snot sensibly adected by the aberration thus produoi--i 
The working microscopist will find it desirable to provide hiiu>c!l;' 
with some means of measuring the thickness of his cover-glass; :iiid 
this is especially neede<l if he is in the habit of employing objecti\cs 
without adjustiiient, wln'cl) are corrected to a particnhir staialnid. 
A small .screw-gauge of steel, made for mea.suring the thickness of 
rolled plates of brass, and sold at the tool-shops, answers this purj>i JM,> 
x'ery well; but Ross’s Uv^v of contact (fig, 372), devised for tlii.v 
express purpo.se, is in many respects ]n’eferable. This consists of n 
.'^mall horizontal table of brass, mounted upon a stand, and having 
at one end an arc graduated into twenty divisions, each of which iv- 
presents the i .HCnth of an inch, so that the entire arc measures tin- 
-b,th of an inch ; at tlie other end is a pivot on wliich ino\ es a, long autl 
delicate lever of steel, whose extremity points to the gi’suluatcd arc. 
whilst it lues very near its pivot a sort of projecting tooth, which 
1 tears it against a vertical plate of steel that is screwed to tlic 



Fio. i>72. — Ross’s lever of contact. 


horizontal table. The piece of thin glass to he measured beiiii: ia- 
seided between the veitical plate and the prc>jecting tooth oi* i la- 
lever, its thickness in thousandths of an inch is given by the lunnlvr 
on the graduated arc to which the extremity of the lever point.-. 
Thus, ifthc number he 8, the thicknessof the glass is-008, or the i I pli 
of an inch. It will be found (jonvenient to soi‘t the covers aecoriling 
to their thicknesses, and to keep the sortings apart, so that there 
may be a suitable thickne.s.s of cover for each object. But it is well 
to remember that, with the excejk.ion of oltjects to wliicli from their 
size or nature it is impossible to apply high powers, it is better to 
mount the object so that, if it be required or desirable, high power- 
may he used upon it. 

Another simple and very efficient cover-glass tester is made hy 
Zeiss, of Jena, and illustrated in fig. 373. It will he seen tliat the 
measurement is effected by a clip projecting from a box, between the 
jaws of which the cover to be measured is placed ; the readijig i> 
given by an indirator moving over a divided circle on the upi.>er iicc 
of the box, Tlie divisions show hundredths of a millimetre, and the 
instrument measures to' upwards of 5 mm. 
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One of the continiiou:^ aims of tlie working mieroscopist is to 
stve or utilise to its utmost his time. Com j)licate(l measurements mid 
ciilfulations are to he avoided where possible, and a very beautiful 
;,!m 1 ingenious instrument, capable of being used as a ‘ meter for 
cuver-glass, has been devised by Mr. J. Ciceri Smith, of bl Hatton 
Carden, London. It is a jierfect direct -reading iiiierometer, and is 
i-uustructed to take measurements in thousandtJis of an inch, and 
may be used in gauging tlie thickness of microscopical glass, metal 
and other sheets, balls 
for bearings, needle.s, 
wire, <tc. Its advan- 
tages over the ordinary 
micrometer consist in 
tlie measurements 
being automatically 
and accurately re- 
corded in clear figures 
on the index, thus 
auiidiiig the strain on 
the eyes caused by 
reading the fine lines 
on the old form of 



Fig, 873.— Zeiss's cov er- glass tester. 


gauge; in there being no liability to errors through miscalcula- 
tions, and ill its being possible to take any number of larious 
i-cadings with case, accuracy, and rapidity. We illustrate this appa- 
ratus in fig. d74. 

As in tlie ordinary decimal gauge the glass or other article to be 
measured is placed between the ‘ anvil ’ (or hexagon, ul nut) and the 
lace of the spindle, the thimble being rotated in either direction 



liG. 37-t.— Mr, J. Ciceri Smitli’s clirect-i'eaiHug micrometer. 


tniiil the re(ptired adjustment is obtained, the exact meaMiremeiit in 
'leciiiial parts of an incli being at the same instant autoinaticallvand 
accuvately i'ecorde<] on the index, these readings responding in either 
‘lirection with the most delicate movements of the screw. 

lo avoid the screw being unduly strained, the spindle is rotated 
y friction from tlie enter spring-tiglit thimble, the inner tifimble 
'cmg rigidly fixed to the spindle. Hence it is impossible to strain 
t ‘e .scixnv, since as s<x>n ms the pre.ssure becomes too great the spring 
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:tUo\v.s tlie oiitor thimble to slip. The connection of the spin<lh,‘ to 
the measuring wheels Is effected by means of a stop. Thi.s tokos 
into a slot on a sleeve, on which is mounted the thou.sandths ^vll,■,h 
which in turn tlrives the hundredths and tenths wheels throngli tin* 
intermediate pinions. These latter have a step-by-step niotioi). ;k 
in an ordinary counter. Tiie cover of tlm cage in which ih.* 
luecbaiiism is placed is pierced to sliowthe numbers on the dials. Imi 
these 0 ))ening.s are covered with ghcss, with a view to excluding dijsf 
and dirt. It must he understood that gauges of this kind ;uv 
expensive, hut there is one made by (4. Boley, reading to *01, which 
answers all purposes and can be })mcliascd for hve shillings ;it a 
watchmaker’s tool shojn 

Tt is well to keep assorted, measured, and cleaned cover '-glasses in 
small separate wide-.stoppered bottles of methylated .spirit. e;icli 
bottle being labelled with the gauge of tlnckness of the covers it 
contains. What is then required is a simple apparatus for cleaniuif 
the delicate covers with the least risk of breakage. This can hV 
well accomplished by having two blocks of boxwood, shaped .so as to 
he easily lield one in each liami, turned with perfect trueness on the 
faevs opposite to the respeeti\ e handles, so that when the smTans 
so thittened are laid iij>oii and pressed towards each other thev ar(:* 
<o-ery where in perfect contact. They should be from tac o to' four 
inches in diametei'. and these flattened surfaces should each liave, 
\ei‘y tightly stretched upon them, a firm, evon-textured, moder.afelv 
thick })iece of chamois leather. If covers be slightly moistened 
cw'cii breathed u|)on — and laid on one of these blocks and jjn'ssrd 
down with the otlier, breath, or moisture applied by a small raiacl- 
liair brush to tb(‘ u|)per sindace of the cover, ijjay be applied, and ti 
few tw'ists of' these Ijlocks iijion each other when firmlv ]>rcsM'il 
together will effectually clean without bre:iking the thinner covers. 
It will be often ne(alful to treat both sides of the covers thus, as um* 
side generally adlieres while the other is subject to the friction. 

For cleaning slijis and covers by hainl, finisliing should be done 
with old fine canilmic handkerchiefs. These should not be washed 
witli soap, but with c'ommon soda and liot w'ater, plenty of the latter 
being sul)sequ(‘ntly employed to get ihl of every ti'aee of the alkali, 
lint when dry these cloths must; not Ice * ironed ’ or smoothed in .any 
way. tlie * rough-dry ’ surface acting admirably for wiping dedicat'- 
glass. 

Varnishes and Cements. — 'rhere are three ^ ery distinct jmiposf- 
for whieli cements whic'h possess the power of holding hnnly to glas>. 
and of resisting not merely water Imt other preservative liquid.s. 
are rc-apiired by the micvoscopist, these being (1) the attaclnmail of 
tlie glass covers to the slides or cells containing the object, (2) tlir 
formation of thin * cells ’ of cement only, and (3) the attachment nf 
the ‘glass plate’ or ‘ tube-cells’ to the slides, The two former of 
these purposes are answered l)y licpiid cements or riirnlshes. whirli 
maybe a{>plied without heat; the last requires a solid of 

greater tenacity, which can only be used in the melted state. Aniang 
the many such ceinc'uts that have been recommemled by diffcrcuit 
workers, two or fliree will be selected by tlio W'orker for geiicnd 
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purposes, and perhaps three or four for special purposes, and tlu^ re- 
iiiainder will be in practice neglected. We do not liesitate to say 
thut the two cements on whicli the most complete trust may he re- 
posed are. japanner^s gold size and Jiell's cenien t. This opinion is the 
vfMdt of over twenty years of special observation. 

A (food camisk may easily, in a general Avay, 1)0 tested : when it is 
tlioraoghly hard and old, if scraped off it eonn^s uu ay in slireds ; an- 
s;ife varnishes break under tlie scraper in flakes and dust. To thase 
who put up valuable prepfirations aiul objects of value the risk 
slioid<l never be run of using a new and unknown \ arnish or cement. 
Neillier apj>earance nor facility nor cheapness in use sl\oulrl for one 
iiioinent weigh against a varnish or cement of kjiown and tested 
worth. 

Jnpauiiers (jold size may he obtained from the colour shops. It. 
iiiav he used for closing-in mounted objects of almost any descrijition. 
It hikes a peculiarly firm hold of glass, and when ilry it becomes 
extremely tough without l)rittlcne.ss. When new it is very liipiid 
;ind • runs ’ rather too freely ; so that it is oftcui advantageous to leave 
(ipen for a time the bottle containing it until the varnish is some- 
what thickened. By keeping it .still loiiger, witliocc'asion'al ex[K)sure 
to air, it is rendered much more viscid, and tliough such ‘ old’ gol<l- 
Mzc is not fit for ordinaiy' use, vet one or two coats of it inav he ad- 
vaiiiageously laid over the films of iKwver varnish, for securing the 
tliickcr covers of large cells. Whenever any other varnish or cement 
is used, either in making a cell or in closing it in, the rings of tlu^se 
sliould lie covered with one or tw'o layers of goli 1-size extending 
bevond it on either side, so as to foini a continuous film extending 
from the marginal I'ing of tlie cover to tlie adjacent portion of the 
glass .slide. 

Asp/udte Tills is a black varnish made by dissolving 

lialfu drachm of caoutchouc in mineral iia}ditha. and then adding 4 oz, 
of asplialtum, using heat if necessary foi' its solution. It is very 
important tliat the asjdialtum sliould lie genuine, and tlie other 
materials of the best quality, hioine use asplmlte as a substitute for 
gold size; hut the .Author’s experience leads him to recommend that 
it should only ho eiiqdovod either for making shallow A'cment cells’ 
or for liuishing off ] ire] la rat ions already secured with gold-size. Foi- 
the former purpose it may advantageousK- lie slightly thickened by 
loaporatioii. 

fidFs cfineat is sold by J, Bell and Co., eliemists, Oxford Street, 
hoiiihui; they arc the sole makers, and retain the secret of its com- 
I'Ositinn. Jt is of great service for glycerin mounts; hut the edge 
<'f the cover should be I'inged with glycerin jelly before this cement 
3*^ applied. It is an extremely useful and reliable varnisli. wliicli is 
extreiiielv easy of manipulation. It (‘an he readily dissolved in 
'■illier etlier or chloroform. 

(kinada hakaui is the oloo-resin from AhiP.s halsamea and Ptiu/s 
oitiadfiiisls ; it is .so brittle wdien hardened by time that it cannot 
he safely used as a cement, except for the special [lurpose of attaching 
hard specimens to glass, in order that tliey may he redui‘ed by 
yviiiding. Ac. Although fresh, soft balsam ma}' I >e hanlened by heating 
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it on tlie to whioh the object is to be attached, yet it nniv U,- 
preferably hardened m rnam by exposing it in a slmllow vessel f., 
the prolonged but moderate heat of an oven, until so much oi 
volatile oil has heen driven off that it becomes os ^ (but not 

resinous on cooling. If, when a. drop is spread out on a glass 
allowed to beeo]ne quite cold, it is found to be so hard as not h.) 
readily indented by the thumb-nail, and yet not so hard sis to ‘clu|).‘ 
it is ill the best conditioiv to be used for cementing. If too .soft, it, 
will re(|uire a little more hardening on the slide, to which it shoulil 
be transferred in the liquid state, being brouglit to it by the heat nl‘ 
a water-batli ; if too hard it may be dissolved in chloroform or ticn- 
zoic for u.se as a mounting ‘ medium ; ’ we do not recommend its 
for mounts with glycerin. 

iit'tdistrick black is a very useful cement, obtainable at the <>]i- 
tioian’s as prepared for the use of microscopists. It is one of the lirst 
cements for t]\e purpose of ringing mounts, and it may he reeum- 
memled for turning cells. M'e lla^•e already stated that we itt 
not, as a rule, recommend opiupie or black-ground mounting ; but if 
this is desireil or needful no better ‘ground’ can be obtaineil Than 
].iy putting on the centre of the slide a disc of Brunswick hlack tiu- 
size of the outside of the cell or cover-glass, and while it is \\\'t 
putting a thin cover-glass upon it. The cover-glass becomes quick.lv 
iixed, and a pleasant surface is formed to receive the object wliicli it 
is intended to mount. Should it he desirable to have the floor of tliv 
opaque cell dead instead of bright, this can l)c quickly accoiiqtlislKd 
with a little emery-powilev and water applied to the surface hv a 
flattened block of tin fixed in boxwood. 

Brunswick black is soluble in oil of turpentine, and it dries 
ipiickly. 

Glue and honey mixed in equal parts is very valuable for special 
purposes, ainl softens with heat. 

tShdlac cement is made Ity keeping small pieces of picked slab 
lac in a. bottle of rectified spirit, and shaking it from time to time. 
It cannot be recommended as a substitute for any of the preceding, 
but it may be employed to put a thin film upon the edge of 
mounts — however ckxsed and finished— that are to he used with lioiiio- 
geiieous lenses. It is a sure protection against the otherwi.sc ia- 
jurions action of the c'edav oil. Hollis’s liquid glue may also hr 
employed with confidence for this purpose. 

SeaUny-ira;c varnish, which is made by digesting powdered 
sealing-wax at a gentle heat in alcohol, should never be used as a 
cement ; it is serviceable only as a varni.sh, and resi.sts cedar oil. 

Venice tvrpentinc is tlie, liipiid resinous exudation of Abies Inn''. 
It must be dissolved in enough alcohol to filter readily, and alter 
filtering must be placed in an evaporating dish, and Viy means of a 
Siind-bath mu.st be re<luced by evaporation one-fonrth. 

This cement is used for closing glycerin mounts. Square covers 
are used, and we find it be.st to edge the cover \\ ith gl)cerin jelly. 
A piece of copper wire of Xo. 10 to Xo. 12 gauge is taken, and one 
en<l of it is bent just the lengih of one of the side.s of the eo\ ev at 
right angles to the length of the wire. Tins end is now heated in 
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Inmp, plunged into the cement, which adlieres in fair quRiitity, 
.„,,1 is iustsintly brought down upon the slide and the margin of the 
,,,vcr. The flui<l turpentine distributes itself evenly along the cover 
aii'l slide and hardens at once. W e have no long experience of it, 
liut from some of its characteristics we are inclined to believe it will 
pr,;ive a useful cement for this purpose. 

Marine glue, which is composed of shellac, caoutchouc and 
naphtha, is distinguished by its extraordinary tenjicity, and bv its 
I ){ I wer 0 f resist! n g sol v ents of a 1 most e vei 'y k i n d , j )i fiei'en t ( j ua \i ties 
nfthis .subsLince are m.‘ide for tlm several purposes to which it is 
jipplied, and the one most suitable to the wants of the microscopist 
is known in commerce as (1 K 4. The special value of this cement 
wliicli enn only he applied hot, is in attaching to glass slides the glass 
or metal rings which thu.s form ‘(‘ells ' for the reception of objects 
to )>c mounted in fluid, no other cement l:)eing coin|)ai'able to it 
either for tenacity oi* for durability. The manner of so using it will 
lie pre.sently described. 

Various coloured varnishes are used to gi\e a finish to momtted 
prt'j)aratioiiSj or to mark on the covering glasses of large prepai’ations 
the parts containing s])ecial kinds of noteworthy sti-nctui-e. A 
vHi'V good hldch ^ arnish ol this kind is made liv working up very 
iiiifdy [Kiwdercd lamp-black with gold-size. For red, sealing-wax 
varnish may he used ; but it is very liable to cliipaiid leave the glass 
wlicu hardened by time. The red varnish specially prepared for 
iiii('i-osco[)ic purposes by Mes.srs. Thompson and Cappei’, of Liverpex)!, 
saeiiis likely to sbiml better. For v\hite, ‘zinc cement ' answers 
well, which Is made of benzole, gum dammar, oxide of zinc, and 
turpentine. But it is inexpensive, and either in Cole's or Ziegler’s 
furuiula may bo obtained at the optician's. Blue or green pigments 
way 1)0 worked up with this if cements of those colours be desired. 

For attaching labels to slides either of glass or wood, and for 
fixing down small objects to be mounted ‘dry’ (such as foramlalfera 
iKd'ts of insects, At.), the Author has found nothing preferabki to a 
vitther thick mucilage of gum arabic, to which enough glycerin has 
lieeu added to pre\ ent it from drying hard, with a few drojis of some 
rsseiiti.al oil to prevent the development of mould. The following 
Ibriiuda has also been recommended : T)is.solve 2 oz. of gum arabic 
ill '1 oz. of water, and then add \ oz. of soaked gelatin (for the 
solution of which the action of heat will be i-eijiiii'ed), :fl) drops of 
glycerin, and a lump of camphor. Tlie further mb antage is gained 
by the addition of a .slightly increased pro[)oi‘tion of glyctTin to 
either of the foregoing, that the gnin can lie very readilv* .soft('ned 
by water, so that covers may be easily removed (to be cleansed if 
necessary) and the arrangement of objects (whei-e many ai-e mounted 
Together) altered. 

Cells for Dry-mounting.— Where the object to be mounted ‘ dry ’ 
{<A not immersed either in fluid or in any ‘ medium ’) is so thin as to 
mpiire that the cover should be but little raised above the slide, 

‘cement cell’ answei's this purpose very well; and if the ap- 
plication (jf a gentle warmth be not iiijnrious, the })res.sing down of 
Tilt' cover on the softened cement will help liotli to fix it and to 
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prevoiit; the vJU'ihsh applied round its border from rimniuif j„ 
Where a, somenLat deeper cell is required, Prof. H. L, Sinif] 
(U.S.A.) sng^^esls the following specially for the mounting ,,!■ 
diatoms. X sheet of thin writing-paper dijiped into thick slii..l].,(. 
variusli is hung U]) to <lry; .and rings are then cut out from ii ],y 
punches of two diflerent sizes. One of these rings being laid ,,‘,j 
a glass .slide, and the cover, with the object dried upon it, lai<lon tin., 
ring, it is to be held in its place by the forceps or spring-clip, juid 
the slide gently wanned so as to cause a slight adhesion (jf tin. 
co\-ej' to the ring, and of the ring to the .slide ; and this adhesion n.iv 
then be rendered complete by laying another glass .sli<lB on thecover 
ami ])ressiug the two slides together, with the aid of a contiiuicd 
gentle heat. Still deeper cells may be made with rings punched out 
of tinfoil of various thickTies.ses and cemented with shellac varnislj 
0(1 either side. And if yet deeper cells are needed, they m.-ivlx. 
mmle of turned rings of vnlcanito or ebonite, cemented in" the .vnitt- 
manner. There is, howi'vei*, a tendency in shellac-fovmeil cells to 
tlirow oft' a. cloudiness inside the ceil, usually called “sweatim*-.' 
which is very undesirable. It luis been found that a ring of .■^olid 
paraffin, to which tlu? cover is attached, if first ‘ ringed ’"with tlif 
same material and afterwards ^\ith a finishing varnish, makes n 
useful and pei'iiianently clean dry shallow cell ; or pa|.)er m\\\ 1||. 
.saturated with paratliii and treated as descrilied for sliellac. 

Cement-cells. — (Jells foi- mounting thin objects in anv waterv 
medium may be readily made with asphalte or Brunswick hlack 
varnish by the use of Air. Sliadbolt’s ‘ turn-table/ or one of its iiiadi 
lications. Tlie glas,s slide lieing placed under its sjn-ing in siicli 
a manner that its two edg(‘s shall be equidi.staiit from the ceiitip (,i 
guide to which position is alforded by the circles trace<l on the blM^^). 
and its four corners equally [)rojecting beyond the (drciilar maigin 
of the plate, a cameT.sdiair ])encil dipped in the varnish is held in tin- 
right hand, so that its point comes into contact with the glass nvf]- 
wldchever of the circles may be selected as the guide to the si/.r 
of tlu' ring. The tnrn-tal.)ie being made to rotate by the applieatirm 
of the left foi'efingei' to the milled head beneath, a ring of varnisli 
<if a suitable breadth is made \ipnn the glass ; and if this be set asidr 
in a borizoiital position, it will be found, when hard, to pi'psent a verv 
level surface. If a greater thickness be desired tlian a single ajtpli' 
cation will conveniently make, a .second layer may be aftcTwarh' 
lahl on. It will be foiind convenient to make a considerable nmnhi'V 
of such cells at once, and to keep a stock of tliem readv pre}>ared foi- 
use. Jf tlie surface of any ring should not be sufficiently level for a 
covering glass to lie flat upon it, a slight ru!>bing upo]) a [(iece 'ii 
fine emery paper laid upon a. fiat table (the ring being held down- 
wards) will make it so. 

Ring-cells, — For mounting objects of greater thickness it k 
<le,sirable to use cells made by cementing rings, cither of glass nr metal, 
to the glass slirk-s, with marine glue. Glass rings of any size, ilia- 
meter, thickness, audbi’eadth are made by cutting tran.sverse sect ioie 
of tliiek-walle<l tubes, the surfaces of these sections being grouuil 
flat and parallel. Xot only may round cells (fig, 375, X, B) of vari- 
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oils be made by- tins simple mctliod, but, liy fiatteniii" the tube 
(w lien hot) from which they are cut, the section.s nuty be ma<le (jiiO' 
(Iraiigular, or square, or ol)l(mg (C, D), For intermediate thicknesses 
hciween cement-cells and glass ring-cells, the Editor has found no 
kind more convenient tlian the rings stamped out of tin, of various 
tliicknesses. These, after being cemented to the sliiles, should have 
tiu'ir surfaces made perfectly Hat by rnidhng on a piece of fine ifrit 
Hi' a coruiLdiim-iile, and then smoothe<l on a. W"ater-of-Avr stone; 
to siicli surfaces the glass covers will ])e found to adhere u ltli great 
tenacity. The elKmite and bone cells are cheaj), and also easy (tf 
iiijuiipnlation. They are specmlly nsefid ha* dry mounts, 

Tlie glass slides and cells w hicli are to be attached to each other 
must first be heated on the mounting ])late ; and some small cuttings 
(tf marine glue are then U) 
lie ])laced either upon that 
Mirface of the cell wliich is 
m he attache<h or upon 
that [)oriiou of the slide? 
on wliich it is to lie, the 
former 1 icing jierliaps jire 
ferable. When they begin 
to melt, they may lie b 
worke<l over the sui'facc of 
attacluncnt by means of a 
needle point; and in this 
manner the melted ghn; 
iiiav be unifoimly sjiread, q 
care being taken to pick 
nut any of the small gritty 
|»arti(des whiolt this cement 
sometimes contains. When 
the .surface of attachment 
is thus completely covered ^ 
with liquefied glue, the cell 
is to l>c taken up with a 
pair of fovcei>s, turned Fie. (rlass riug-ctlls. 

over, and deposited in its 

|ii'oper [ilaee on the slide; and it is then to lie firmly jiressed down 
with a .stick (such as the handle of the needle), or with a piece of 
flat wood, so as to squeeze out any superibioiis glue fiami lieueafh. 
If aiiv air-hubhles should lie seen between the cell ami the slide, 
timsc should if possible lie got rid of liy pi’essnre. or by slightly 
moving the cell from side to side ; but if their pre.'^euce results. a.s is 
^ciactimes the aise, from deficiency of cement at that point, the cell 
imist he lifted ofi’ again, ami more glue a[iplied at the leipnred 
quit. Boiiietiines, in spite of 'care, tlie glue becomes hardciicil and 
hlackened liv overheating ; and as it will not then slick uell to 
tlie gla.ss. it is preferable not to attempt to ]irnceed, hut to lift off 
the cell from the slide, to let it cool, scrape off the overheateil glue, 
*'ii<l then repeat the jiroeess. When the cementing has lieeii satis- 
factorily aeeomplislied, the .slides should be allowed to cool gradually 
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ill order to secure the firm adhesion of the glue ; and this is 
accomplislied, in the first instance, by pushing entdi, as it is fim.s]^,j. 
towards one of the extremities of the plate. If two plates mv 
use, the heated plate may t.lien be readily moved away upon tiie rnJjj 
which supports it, the other being brouglitdown in its place ; ami as 
tlie heated plate will he some little time in cooling, the firm attads 
iiient of the cells will be secured. If, on the other hand, there 
oidv a single plate, and the operator desire to proceed at once iu 
mounting more cells, tlie slides already completed should be carcfiillv 
remove<l from it, and laid upon a icooden surface, the slow condiu - 
tioii of wliieh will prevent them from <rooling too fast. Before tliev 
are rpiite cold, the superfluous glue should be scraped from the glass 
with a small (hisel or awl, and the sui'foce should then be carefully 
cleansed witli a .solutiem of poh\sh, which may he rubbed u[)oii it 
with a [uoca? of rag covering a stick shaped like a chisel. The (-(‘Us 

should next be ^vasllcll 
with a hard brush and 
soap ami water, aiiil 
may be finally cIcmummI 
by rubbing with a linle 
weak spirit and h soft 
cl oil 1 . In (iases in w] i i cl i 
appearance is not of 
much conse(pience, ami 
especially in those iu 
which the cell is to he 
used for mountiiiglarge 
opaque objects, it is de- 
cidedly preferable nut 
to scrape off tlie glm* 
too closely ronnd the 
edges of attachment, as 
the Miold’ Is miieli 
firiiiei', and the [U'oha- 
Fio. 370 ,— Plato-glass colls, bilitv of the jicneti'a- 

tion of air orflnid imieh 
less, if the immediate margin of glue be left both outside and 
inside the cell. To those to whom time is of value, it is recom- 
mended that all cells whicli reipiii'e marine glue cementing he 
purchased from the dealers in microscopic apparatus, and it is 
well to note that :dl cells (‘emented with marine glue slimdd he 
well ' payed,’ as the imntical expression is, or well surroimdcd 
witli shellac varnisli or gold-si/.e as indicated by the nature of 
tlie euclo,sed fluid. Many media, saline fluids especially, worktlieir 
wav between the cell and tlie slide, and at length destroy the marine 
glue. 

plate-glass Cells. — Where large slmilow cells with fiat bottoms are 
requiro<I (as for mount i Ji g small me(lifS(e, etc,), they may l.)C 
made b\- drilling boles in ])ieces of plate-glass of various sizes, 
shapes, ami thicknesses (fig, 870, A), wliich are then ccim-ntei 
to the slide witli marine glue. By drilling two holes at a 
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suitable (li.sLinc^e, iiinl ('nttiiig out the pie(!e lietween them, any 
i elongation of tlic ftivity may be oljtaineh (B, C, D), 

Sunk-cells. — This name is given to round or oval hollows, exoa- 
\*tted 1)V grinding in the substance of glass sliiles, whiclj for this 
purpose should be 
tliicker than ordinary. 

They are sliown in fig. 

:i77. A, B, 0. Such 
(vlls liave the advan- 
t.iite not only of com- 
jiaiative clieajmess, but 
also of dunihility, as 
tlicv are not liable to 
iiijiiry by a siuhlen jar, 
such as sometimes 
causes the detachment 
of a cemented }date i»r 
I'in*;. For objects wliose 
diape adapts tliem to 
file form and deptli of 
The cavity, such cells 
will he found very con- 
\eiiicnt. It imtiiially 
suggests it. self as an 
(iltjcction to the use of 
sucli cells that tlie con- 
cavitv of their hottoni 
must so deflect tlie 



liglil-rays as to distort or obscure the image ; hut as the cavity is 
tilled either with water or some other li(]nid of liigher refractive 
|)(iwer, the deflection is sO .sliglit as to lie practicallv inoperative. 
Dclbre mounting ohjects in sueli colls the microscopist sliouhl soo 
rltat their concave surfaces are free frojii scuatclies or roughnesses. 

Built-up Cells. — W’iien cells are requireil of foiuns or dimension.s 
ii<i( otherwise procur.-dde, 
tlicy iiiav he JinUi up of 
M'pMi'ale pieces of glass 
centeiited together. Large 
■<l<nlhtr ceils. suitahl» for 
laiuinting z<'K>phytes oi' 

.'iijiilar flat ohjects, may l)e 
easily constiaicted after 
the following method : A 
I'iece of plate-glass, of a 
thickness that shall give 
the desired deptli to tiie 
‘■*;11, 3S to be cut to the Fio, DTn.-Kuilt-tin cells, 

dimensions of its out, side 

''*ail ; and a .strip is then to be cut off with the diajiiond from 
t'iicli of its edges, of .such bi'ea<lth as shall leave the interior piece 
in its dijiieiisions to tlie cavity of the cell that is desired. 
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This piece l)eing rejected, tlie four strips are then to he oeineiii- <i 
upon the glass slide in their original position, so that the diauiond-ci;' . 
sl\all fit together with the most exact precision; and the 
surface is then to be ground flat with emery upon ii [>ewter plm.. 
and left rough. The perfect construction of large deep cells of tlii.v 
kind, as shown in Rg. d7S, A, 11, howea er, ve<juives a nicety of work 
maiiship which few^ amateurs possess, and tlie expenditure of luinv 
time than iiiicvoscopists generally have to s|)are ; ami as it is coitM-- 
(pieutlv preferable to obtain them ready-made, directions for making; 
them need imt he Itere given. 

Wooden Slides for Opaque Objects.-— 8nch ‘dry’ ohjects a.s /l/ra 
m,iH'[fei'u, the ca})sules of mosses, parts of insects, tind the like, iiau’ 
be convenient ly mounted in a ^ ery simple form of wooden slide (fiist 
devised by the Author and now come into general use), which ;dso 
serves as a protective ‘cell,’ Let a nmnher of slips of mahoganv nv 
cedar be j}ro\idod. each of tlu^ d-inch by Linch size, and of ;iuv 
lhi(Lness that nia}" l>e found conveiiieut, witli a correspomlijiir 
tiumher of slips of cav<l of the same dimensions, and of pieces (d' 
(AYnLbluck paper rather hu'ger than the aperture of the slide, A 
piece ('.L this paper being gummed to the middle of the card, :iiul 
some stifi’ gum having been previously spread over one side of tlie 
wooden slide (care Vieing taken that thei'e is no siipertluitv of it 
immediately around the a[>ei'tnre). this is to Ite laid down upon tlu- 
card, and subjected to pressure.* Au extremely neat ' cell’ will tliu> 
1)0 formed fur the vecp[)tiou of tin* object, as ^ve .see in fig. IITII. tlit- 
dept!) of' wliicli will l)e <lo1oi- 
\ mined by the thick ne.ss of thr 

\ slide, and the diameter hv tlir 

\ size of the [lerfointion ; .ami it 
■ -• * will be foil ml convenient tn 
Fio. S7tt— SUp aiiulf of wood. pl‘o^■ide sli<les of various tliirk- 

nesses, with apertures of diffr 
rent sizes. The cell should always be deej) enough for its wall lo 
vise above the obi^.■ct : but, on the other hand, it slioidd mit he too 
deep for its walls to interfere with the ohliipie immlence of the ligliT 
upon any object that may he near its ])eriphery. The object, if iial 
or small, may Vie attached by gnm-mncilage ; if, however.it be large, 
and the ptirt of it to be attached l)a\-e an irregulitv surface, it i> 
ilesirahle to form a ‘ i)e<l ‘ to this by gum tliickemal witii starcli. If. 
on the other hand, it slionld be desired to mount tlie object edgewavs 
(as when the 'month of w fornm 'rnife.i' is to lie brought into view), the 
side of the object may lie attached with a little gum to the nmjl o( 
tlie cell. The complete protection thus given to the object is the 
great recommendation of this method. Ihit fliis is by no means 
its only couwuicnee. It allows the slides not only to range iii 
the ordinary cudiinets. but also to be laid one against oi‘ over 
another, and to be packed closc*ly in case's, or sc'cured by elastir 

* It will he found a very r-oiivenieiit plan to prepare alarge mimlrerof such '-iiilrs 
at oiicf, and this inny !>? done in a tnarvelknisly short time if the slips of card liave 
been }>reviously cut to thf exact size hi a bookbinder's jjress. The slides, when pni 
togetlu'i', should be placed in ['airs, buck to hack, and every pair should have eurli 
of its ends einhravcd by a spring. press (fig. (ls,7) until dry. 
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whk'Ii jilaii is exti'enioly oonvenieut not merely for tlu‘ 
of space, but also tor preser^•lllg the objects from (hist. Should 
luy more special protection be reriuired, a thin glass cover may be* 
i.iid ovei' the tojj of the cell, and seemed there either by a riin of 
^amorl)ya perforated paper cover attached to the slide; and if 
it should be desired to pack the.se covered slides together, it is onlv 
jiece.'^sary to interpose ijmnh of card somen'hat. tliicker tlmn the 
iilass covers. 

Turn-table. — Tlits simple instrument (fig, d80), dG\-ised b\- 
Mr. 8ha4ll>olt,is a]iiio.st indispen, sable to the microscopist who desires 
to preserve prepara- 
tions that are 
iiinunte<l ill any 
Miicdium * heneatli 
ri ren la r covers ; .since 
it not only serves 
for the making of 
T I Lose h'einent-cells ' 
ill which thin tinus 
jiareiit objects c^tui lie best mounted in any kind of hiiedium.' hut 
also enables him to a]i]ily liis ^•arnish for the securing of circular 
niver-glasses not only with greater neatness and quickne.ss. hut al.'o 
with greater eertainty tlian lie can by the hand alone, dhe oidv 
>pt‘(ial precaution to he ohserveil in the use of this instrument is 
that the eover-gla.ss, not tlie slide, .should be * centred ; ' which c:in 
lie readily done, if s(>v<^r(d eoneeutrie circles liave been tinaied on the 
rotating-table. ])y makiiiit; tbe eo\ er-glas.s con‘H.s])on(l witli the one 
liiu ing its own diameter. A luun- 
her of ingenious modifications liave 
heen de\ ised in this simple instrii- 
iiic'iit with a. view to securing (‘xac-t 
rent ring. The incxst practh'ablc' 
and inexpensive of these is an 
application of .Mr. K. H. (IrilUtlfs 
tlevire slmwii in its iiupi'o\'ed f'oi'm 
in ti^^ 381. 

'the. centre of the table marked 
with circles has a straiglit spring 
attached to it beneath. The .slide, 
heing jdaced lietweim the two pins 
A and B in this centre, i.s partially 
ro(:ited against tin* spring and 
pit.dierl forward, wlieii the spihig 
keeps it between tlie two pins and a third fixed pin. D. at the upper 
dde ot the .slide, centring it jimdectly for width. 'Die fourth pin, 
b. .at tlie left end, U in. from tlie centre, is foi' length, and allows 
the .slide to lie alway.s placed in the same relative [losition. Tlie 
I'ccrnt improvements add iiiucli to the value of the table, OiU' of 
tlioii Is a eountcr.smik deeeutring wheel and pin. C. which may he 
^ccti at the upper right-hand side of the slide. 'Phe axle of the 
'diced pusses through the table and is furnished undcrueatii with a 



oSl.— cniffitli’s tuni-talilc. 
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short har with wliirli the deceiitriug wlicel may l)e turned, torciu;;- 
the pin against the slide, pushing it as far out of eentre as may 
desired. Another imj)r()venipnt is in making the emhpin a screw, 
wliieh may i)e turned down out of the way if desired. 

Mounting Plate and Water-Bath.— 'Whenever Imat lias to t. 
a}i]died either in the cementing of cells or in the mounting i,t’ 
oiijects, it is desirable that the slide should not he exposed direct t(. 
the Hauie, hot that it shoidd he laid upon a surface of regulated 
temperature, As cementing with marine glue or hardened Caiiailu 
l«dsam recjuires a lieat above that of boiling water, it must Ik* 



Fic. ;5S2.— Apprtvalas for invpaviiig movinliii|j: iiicdin, piU’afHiu Ac., for imbedding 
by heat. 


supplie<i hy a plate ot metal ; and the Autiioi' s ex|ierien<'e leads liiiii 
tf) recommend tint tins should be a. piece of iron not less tJiaii six 
inches scpiare and lialf an inch tliick, and tliat it sliould he 
supjxnted, not on legs of its own, but on the ring of a retort-staud. 
so that 1)y raising or lowering the ring an\’^ ilesii'cd amount of heat 
may he iuijtarted to it by the lamp or gas-dame beneath. Tlir 
advantage of a jdate of this size and Ihickness consists in the 
<jrf<fl((tha((l temperature which its different parts atibrd, and in the 
slowness of its cooling when removed from th(‘ lamp. When many 
cells are being ceiiiential at omso, it is convenient to have two sach 
plate", thfit one may be cooling while tlie otliev is being lieated. 
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It is also needful to have a .smaller plate, iinicli thinner, of Ijrass, 
iiitving a groove eiit in it into whieh the ordinary 3 x I in. mounting 
v]ip can easily .slide, but .so grooved as to leave a space between a 
jrdae on each side on which the .slip rests, and the main surface of 
The brass under the slip. In this way there is always a film of 
licated air betu*een the main surface of the lieated brass and tliat of 
the glass, giving more fadlity for rapid and delicate heating. This 
tiiiiv be either a separate ‘ table' or a plate litted to a retort-.stimil. 

Beyond this, however, heat of various hinds, dry and moist, of 
\;irinblft but determinate temperatures, will be required for various 
[mrposes, especially for melting the \-aciuus mounting media, such 
:i> gelatin, agar-agar, Ac., and also, as we shall shortly see, fm- the 
[iceparation of imbedding masses for section cutting and a variety 
((f other purposes. One nf the many pieces of apparatus which 
lijtve been devised to combine a.s l.arge a number of the requirements 
of the mounter in one construction as can ])e conveniently rlone was 
ile\i.sed bv Or. P. Maver and his colleagues. It is illustrated in 
lig. :182. ‘ 

W is the hath; Z the tube by which it is filled with water; 1, 
'1. 3, 4 arc glass tubes ; a is a pot for melting and clarifying rlie 
|iaraffin, and tliis may be replaced b}^ others foi' other needful 
[iurpose.s; ami c are half-cylinders with handles for imbedrling; t 
is A thermometer l)ent at a riglit angle ; the horizontal legemlsiuthe 
iiir-l)ath, and can be clo.sed with a glass plate, which is of .service for 
biological as well as mounting purposes. The temperature in the 
air-hat, h will be always about 10° less tlian that in the water-liath. It 
serves well for evapoi’ating chloi’oform, Ac. ; is the thermraueter for 
rhe water-bath; R is a Reichert’s thermo-regulator. The variation 
in temperature is less than 1° C. ; r is the t ube iu wliicb the gas 
and air mix, ami / a mica chimney. Tliere is a small imUqjendent 
aii<l removable water-bath, i\ filled with water by means of ru))ber 
rubes attaclred to lateral openings. It is supplied with a thoiano 
inotor, f,. is warmed on the platform, F, and is intended chietly Ibr 
living objects which are small in tlie right [)Osi(ioii in llie imbedding 
iiiiKs, usually known as ‘orienting’ objects, under a simple lens oi' 
dissecting microscope. 

Slide-forceps, Spring-clip, and Spring-press. — For' holding 
'li<les to which heat is being applied, esjteeially while cementing 
"Ijocts to l)e ground dowii into thin sections, the wooden slidf'- 
foi'Cfips^ seen iu fig. 383. will l>e fouml extremely convenient. Thi.'-, 
by its elasticity, afibrds a secuie grasp to a .slide of anv ordinarv 
tliickuess, the wooden Ifiailes being sep.arated by [iressure u|>on the 
brass studs ; while tire lower stud, witli the bent [>iece of bra.ss at 
the junction of the Idades. affords a level snp|)()rt to tire foi'ceps, 
'vliich thus, while resting upon the fiible, keeps the heated glass from 
contact with its .surface. For holding down (‘over-gla.sses whilst 
die Ijulsam or other medium is cwling, if the ela.stieity of the object 
sliould tend to make them spring u]>, the wire spring-clip (tig. 384), 
j'tld at a cheap v.ate by dealers in miero.scopic ap[>aratus. will l)e 
tound extremely convenient. Or if a .stronger pressure be required, 
I'ocouv.se may be liad to a simple spring-press made by a .slight 
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alteration of tlie ‘American elothe^-peg/ whioli is now in geiK'i-il 
use in this country for a variety of purposes, all that is necessai \ 
being to nib down the opposed surfax.;es of the ‘ clip ’ with a hat lil ', 
so tint they shall be parallel to each other when an ordinary sliu.' 
with its -cover is interposed between them (fig. d85). One of t lu-M- 



Fio. 3S3.— Slide-forceps. 


con^elliellt little implements may also he easily made to serve tlu^ 
[iiirpose of a slide-forceps by cutting bach the upper edge of the 
clip, and filing the lower to such a plane that y hen it rests on il.v 
!lat .side it shall hold the slide parallel to the snriace of the tabic, as 
in fig. d83. 



Fi(;. oSt. — Spring-clip. Fk;. 3811. — Spring- press. 


Mounting Instrument.— A simple mode of applying graduated 
pre.ssure conciu'i-entlv with the heat of a lamp, which will bo found 
very convenient in the mounting of certain classes of objects, is 
atfoialed by the mounting itistnnnent devised hy Air. James yiiiilii. 
This {-onsists of a [date of l)ras.s turned nji at itsialgcs. of the ]iro]>(‘r 
.size to allow the ordiiiarv glass slide to lie loosely in the hed tinis 
formed; this jdate has a large perforation in its centre, in order tn 
allow lieat to be directly ap[)lied to tlie slide from lieneatli : and it 



Fj(}. o8(3, — Siuitli's mouiiliiig inslninicnt. 


is atlaclied by a .stout wire to a handle showiL in fig. IlHf). Close t(' 
tliis handle there is attached by a joint ait ujipev wire, which In-s 
nearly iiarallel to the first, hut makes a downward turn just above 
the centre of the .slide-jdate. and is terminated by an ivory knob: 
this wire is pre.ssed M[)ward.s by a sjiring beneath it, whilst, on tlif 
other hand, it is made to iqiproximate the lower by a milled licad 
tuniiiig on a .screw, so as to bring its ivory knob to bear with grealcr 
or less force on the covering-glass. The s[>ecial use of tliis arrange 
ijieut will be explained hereafter. 
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Dissecting Apparatus. — Tlie mode of making a dissection for 
, iicj-oscopic purposes iniist l)e determined l)y tlie size and elmracter 
mI‘ tlie object. (Generally speaking, it will ))e found advantageous fo 
, .u rv on the dissection under water, witli wliich alcoliol should he 
Miin^ded where the substance has been long immersed in spirit, Tlu' 
vize and depth of the ve.ssel should be proportioned to the dimensions 
nf tlie object to he dissected ; since, for the ready access of the hands 
idid dissecting instninients, it is convenient that tlie <ibject should 



iithlior be far from its walls nor lie under any great deptli ol w'ator. 
\Vl)(*re there is no occasion tliat the bottom of the vessel shoiihl be 
iviinsparent, no kind of dissecting trough is more convenient than 
tliat which every one may readily make foi‘ himselt, ot any dimen- 
lie may desire, by taking a jiiece of sheet gutta-jiercha ol adeipiate 
d/j- and stoutness, warming it sulKciently to render it liexible, and 
then turning up its four sides, drawing out one corner into a sort ol 
^I'out. which serves to [Kuir away its contents when it needs ejnpty- 
itig. The dark colour of this substance enaldes it to furnish a back- 
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tir(niD(l, wiiieli Jissists tlie observer in (listingiiishiiig delicate iinaii- 
1 mines, fibres, A'c., especially when magnifying lenses are emjdovnl ; 
and it is hanl enough (without being too hard) to allow of pins lieihii 
fixed into it, Ixdh for secviring the object and for keeping apart surh 
portions as il. is useful to put on the stretch. Wlien glass or earthen- 
ware trougbs are employed, a piece of sheet-cork loaded with 
must ]:>c proN'ided to answei- the same [lurposes, In carrying (.n 
dissections in such a trougli, it is frequently desirable to coneeutrate 
additional light upon the part Avliich is licilig operated on hy means 
(d‘ the sinaller condensing lens ; and when a Ioav magnifying pows-i- 
is wantexl it may be supplied either by a single lens, mounted after 
the manner of Ross’s simple micrascope, or by a pair of spectacles 
mounted with the ‘ semi -lenses ’ ordinarily used for stereoscojicsd 
Portions of the boily umler dissection, being floated off when detached, 
may be conveiuently taken up from tlie trough l>y placing a slip of 
glas.> beneath them (which is often the only mode in which delicate 
membranes can lie satisfactorily syireadout), and may be then placed 
under the microscope for iiiinute examination, being lirst covered 
with thin glass, beneath the edges of which is to he introduced a 
liille of the licyuid wltcreiu the dissection is Itcing carried on. 
Where the IkkIv under dissection is so transparent that more 
ad\ antage is gained hy transmitting light through it than hy lookiii|i:' 
at it as an opaipie object, the tiTmgli should have a glass bottom ; 
and for this purpose, unless the body be of unusual size, some of tlu‘ 
glass cells already described (figs. ;176 377) will usually answer viay 
well. '.I'lie finest dissections may often be best made upon ordinaia 
slijjs of glass, care being iaken to keep the object sufficiently sur- 
rounded by fluid. For ^^ol■k of this kind no instrument is nimr. 
generally serviceable than the erecting hinocular form of stand as 
recently modified for dissecting y)iuq)cxses by It is an in.stru- 

uieiit which combines conveniences and siipydies wants which only 
a worker at dissection could have known. It is illu.strated in tig. 
387, .and will be thovougldy suitable for all tlie work in which it will 
lie require<h from diatom mounting to the most <lelicate dissectioio. 
The siqiports for the hands on either side of the stage ha\ e an e.x 
tremely suitable curve, and the instrument lends itself admirjihly to 
the work. 

The insti'vriWtts used in microscoyiic dissection are. for the most 
part of tlie .same kiml as those which are needed in ordinary mi mile 
anatomical research, sucli as scalpels, scissors, foi’ceps. A'C. : the tine 
instruments used in operations upon the eye. however, will coiimioiilv 
be found most suitable. A pair of delicate scissors, curved to oiu- 
side, is extremely cniivenient for cutting open tuliular jians: 
these should have their points Iduntcd, but other scissors should 
have file points. A yiuir of very fiue-jioiiitod scissor.s (fig. 38S). 
one leg of wliich is fixed in a light handle, and the other kept 

' Those may be recoinmeuded as useful iii a gioal variety of juaiiipnlatioiis whidi 
iiue l)est iiei'fonned under a low magnifying poM'er. with the eonjolnt use of bolii i-yf'-- 
'Where a high ]iower is needed, veeourse may be advantageously had to Messrs. 
Beok's 8-inoh achromatic binocular magnifier, wliich is constructed on the sione 
lirineiiile, allowing the, object to be brought very near the eyes, w ithout requiring aiiy 
uvi ft mi for table convergence of their axes. 
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from it Ity o spring, so its to close by tlje pressure of tiic 
{iiigcr ;inil to open of itself, will be foinul (if tlie blixles l>e well 
>li:(r))eiietl) innc!\ superior to any kind of knives for cutting througli 
.kficate tissues witk as little distiirliiuicG of llieni as possible. A 
jiaii' of small straight forceps with fine points, aiul another pair of 
(.ur\-e(l fin-ceps, will be foiiml useful in addition to the ordinarv 
i{i.->('cting forceps. 



Fio, as8 


Of all the instrmuents contrive<l for delitute dissections, however. 
tOv are more servieeahle than those which the niicroscopist may 
iiiuke fi»r himself out of ordinary ttopillm. These should he fixed in 
liirlit wooden handles (the 
cedar sticks u.sed foi- 
camel-hair pencils, or the 
liandles of steel pen- 
liolders, or small poicn- 
jtiiie ([uills ^cill answer 
extremely well) in sucli a manner that their points should not 
project far, since they will otherwise have too much ‘spring;’ 
much may he done hy their mere tearhfj action; but if itjie desired 
10 use them as cnUriUf instruments, jdl that is necessary is to harden 
and teinper them, and then gi\-e them an edge ujjon a hone. It will 
soiuetiiiies be desirable to give a finer poiiit to such needles than 
tlicv originally possess; this also ma}' he done ii[ion a lione. A 
needle witli its [K»inl, bent to a right angle, or nearh'so. is often use- 
ful; and this may he shapicd l)y simply heating the point in a lamp 
oroiiidle, giving to it the rwpiired turn with a i>air of pliers, and 
then hardening the point again by re heating it and plunging it into 
cold w:iter or tallow. 


Analysis of Methods of Preparation and Mounting which 
follow: 

1. Descriptions of microtomes, and ku[fp-hohhu--^ and 
j(oYttirni. 

'1. ilountiiig objects in general. 

•h Preparation of soft tissues, under the following siil (titles • — 
Fixation. 

Dehydration. 

Clearing, 

Staining. 

ihis last is further sid)divided as follows : — 

Hlaius for living ol:)jects, 

Stains for fre.sh tissues. 

Stains for fixed ami prestu-ved entire (d:)jects. 

Nuclear stains for sections. 

Plasmatic .stains. 

Iitiheildiiig methods under the folio\\‘ing subtitles : 

Imbe<lding methods in genei'al. 

Tlie paraffin method. 

Diis last is further subdivided as follows : 

1. Saturation witli a solvent. 

2. Saturation with jiaratfin. 
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Arviuiging for cutting. 

4. Cutting. 

T). Fli^tteuing sections jinU mounting, witli ilesciiption ni'il,,. 
best seridl sf>ciioH nvtthods. 

The cclloidin method, further subdivideil as follows ; — 

Celloidin imbedding in general. 

Hardening the mass. 

hixing to uiicrotonie ai:nl cutting. 

staining and mounting, with descrij)tion of appro/irlat^ 
sf'ctioH methods. 

4, Fre})aration of hard tissues, under the following titles ; — 
(banding and polishing sections, with descriptions of latlas. 

1 lecalcification. 

1 tesilicitication. 

5. Sectious dealing with 

(u) \^egetal)le tissues. 

[h) Staining bacteria.. 

(c) Staining flagella, 

((/) (Jhemieal testing. 

(e) Preservative media. 

{,/*) Cleanliness, and lal.>elling. 

Microtomes are machine.s devised for the pnr[)Ose of olaaiiiiiii; 
extremely thin and uiiifonu slices, or ‘sections’ as they aiv 
technically calhal, of animal or vegetahle tissues, hard or soft. 
Some of the ])Ui‘])oses to which these are ada])ted will ho fniiinl 
to tie answered hy a very simple ;ind inex[>eusi\e little instrumoiit. 
whuh may cither be liehl in the hand, or (as is preferable) may Ik- 
liriidy attached hy means of a J-shajied piece of woo<l (fig. 48li) in 
the eiul of ;i table workdxmcb, or may be ])rovided with a cliiiii|> 
for firm attaclnuent to the w'ork-talde. as in fig. 490. This iustni- 
mciit essentially consi.sts of an u]n'ight hollow' (wlinder cT hin>s 
witli a kind of piston whicli is ])uslicd from Ixdow upwards ])y:i fine- 
threaded or Miiicrometei' ’ sci'ew turned hv a large milled Itead; at 
the upper eml the cylinder tei'ininates in a brass table, wdiicli is 
plain'd to a flat surface, or (which is preferahlc) lias a piece of plutr- 
glass cemented to it, to form its cntt.ing bed. At one side is seen a 
small milled head, which acts upon a ’binding screw,’ wliusc c.n 
tremitv projects into the (aivity of tlie cylinder, and serves to com 
prcs.s and steady anytliing tlmt it liolds. For this is now geiiemliy 
vSiibstituted a jiair of .screws, working tlirough the side of the 
cylinder, instead of one as in fig. 490. A cylimlrical stem of wood, 
a piece <4' horn, whalebone, cartihigc, itc., is to be fitted to tla' 
interior of the cylinder, so as to jiroject a little above its top. and is 
to be steadied by the ‘ binding screw ; ’ it is then to he cut to a ievi'l 
l)y means of a sharp knife or razor laid hat upon tlie talde. Tli<* 
large milled head is uo.xt to he moved throngli .such a ]Kiiliou of a 
tui'u as may very slightly ele vale the substance to he cut. .so to 
make it ])roject in an almost iuseusihle ilegvee above the tal)le. and 
tins projecting part is to lie sliced otf witli a knife jirevioii.sly dipped 
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ill watei’ or, prelerubly, luethylated spirit ami water in eipial parts. 
.\!i ordinary razor will answer for cutting. The nnjtioii given to 
it> edge sljould be a e()inl)ination of drmr'nKj and prmuig. (Ft will 
1„. generally found tliat 
In! rev sections are made 
l,v working the knife /rrna, 
tiic (jperator than toirards 
liiiii.) 'VVlien one slice has 
1,01-11 thus taken off’, it 
diould be removed from 
the 1 'lade by dipping it into 
>pirit and water, or by the 
DSC of a camel-hair lirnsh ; 
tiu' milled head should Vk? 

;igaiH advanced, and aii- 
iitlier section taken, and so 
on. it is advantageous to 
have the large milled liead 
^nadiiated, and furnishod 
with a fixed index, so tlmt Fi(i. :’)S 0 .— simiiU- mlorotonu'. 

this amount hav ing been 

<moc determineil, the .screw shall be so turned as to always produce 
the exact elevation required. AMiere the substance of wiiich it is 
desired to obtain sections by this instrument is of too small a size or 
(if too soft a texture to be 
held firmly in the manner 
just (les<‘ribed, it mav 
lihieed between the two vei'- 
tieal lialves ofa jiiece of carrot 
nf suitaljlc size to be [a-essed 
the cylimler, and tlie 
carrot with the object it 
,:;Tas])s is then to }>e sliced 
ill (lie manner already dc- 
M'vihed, the small section of 
file latter being carefully 
Taken off tlie knifi^ or floated 
aivay from it, on each oiaai- 
"imi. to pi-event it from being 
bt among the lamelhe of 
'■aiTot which are removed at 
die same time. Vertical 
H'Ctirms of many leaves may 
'»e suceessfidly made in this 
Tvay. and if their texture be 

soft as to be ilijurod bv Ena ODO,— ^ticrotorae, 

fiic pressure of the carrot. 

tIkw may be iilaeed between two half-cyliudcrs of c]iler-}iitln or be 
iiiibcihh'd in any of the ways eiiqdoyed with the more elaliorate 
iiiicrotoines about to be des(-ribed. 

ilie modern art of section-cutting, as practised by the most 
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nccomiilislieil expcits, with the innst. complete of the iniuiy 
perfect recent mici otomes, is one of the most rehneil and lx-nmil ii| 
\vitli which the scientific mind (nii concern itself. The coinhii,,.,! 
cuttinf^ ^tniuin^^ iuid mounting of the most delieate ovgunic tissms [1, 
iihn()st"evevy conceivable state has tlii-o>\ii a light upon histol, ..•!(, ,1 
anil pathological matters, the present ami prospective \alne of which 
we can scarcely estimate too highly; while some of the proh am, 
and most interesting rpiestious of biology are opening tliemselvi-s to 
ienewe<l resea red 1 by its means. 

Throughout this chapter wo only seek to give the pfxssessor of 
o'oofl iiiicrasooi >0 a tViir outline of the principal methods euqdoyod. 
and clues to tlie finest processes in detail, for histological, [latiioki- 
trical. and emhrvological work. For full details we may refer liiiu 
to the more or less exhaustive handbooks which the several subjects 
have called forth, the fullest account of tlic subject being tliat given 
in Mr A Bolles Lee’s ‘ The Microtomist’s Vade- 3 Ieenm.’ But \\v 
are^ at the same time coin'inced that if tlie student he hut rightly 
directed as to instruments and the best way of employing theiii. and 
at the same time have the best general prwessos concisely indieated 
to him, he will soon discover what to him will he the most facile and 
satisfactory metluxl of obtaining the best results. In tlie liaiuU of 
an original worker prescri [itioiis are only satisfactory starting-])ciiiTs 
to better methods. We shall therefore describe one microtome 
which we believe, on the whole, to be the best, and snfiicieuTlv 
indicate the character and peculiarities of two oi' three others, tn 
enable the stmleiit, as we lielicn e, to judge for himself in consnleni- 
tion of his future purpose as to wdiich will best serve him m the 
object he has in view. 

' It will be as well, howewer. to note that extremely thr,i section> 
are not the .snpi-eme purpose of iiiicrotcnnes. (lond sections, tiratcd 
with .success from beginning to end, are the first consideration. I n- 
tenuity of a section must be pnqiortioual to the character ot the 


1 issue. . 1 • 1 

Manifestly a tissue with injected arteries or veins must lie tluck 
enough to contain some of t hese ve.ssels witli their branches entire. 
If we reiuiire tn study the hei>atic (‘ells or the renal t u bales we iiuisT 
give depth enough in the se<-tions to include these. But it wi le 
found that the hardening and imbedding agents contract greath. 
without distorting, the anatomical elements, ami sections much 
thinner tlian would he normally rer.piired to completely disclose xMnt 
is .sought mav he often successfully made in tissues so prepared 
It is none the le.-s true that a mere race for extreme idteuiia 10 
in sections is in every sense iimlesirable : and ior ‘ 

.sections— say the of an inch in thickness, or less-only 

sections should he attempted. , . 1 1 ,n,ir in 

Here it may lie advisable to state tliat tlie standard m i u 
micTOscopy, as accepted by the Council ot tlie Ilo} .i ^ 

Bocietyd is the of a millimetre, wlucli is indicatiMl a 

sign being known a.s a nucrou. 
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Xlie choice of microtomes, Eiiglifih, Continental, and Amerit^ni, is 
v,-! V large, and higli merit is charaetei-istic of many. But one of 
tlio'se, devised by TJioma and made by Jung of Heidelberg, entered 
tlic liehl eiu'ly, having fioni the first been based on thoroughly 
>05iiid practical principles; and as a result it Irrs been susceptible 
of, and has lent itself to, every iniproveinent suggested Itv the 
;tilvaucing refinements of this beautiful art of microtomy. Jn its 
latest form we describe and illustrate it, satisfie<l that it will in 
an almost perfect manner uieet the general Avaiits of the biologist’s 
laboratory. 

This {thf, Thoina) m.tcroto}ae is based npon the model of Hi ret ; hut 
that has been immensely expanded ir^ detail. The' Itody of the 
uisfi'iiment consists of three plates, the middle plate, H, and the 
side idates, b and 0, fig, 391. Iliese are fastemed to the bottom 
[late by screws, b suj)p()rts tin? knife-carriage, M S, wliicli ir.sts at 



Fi(i, i591. — Jun‘,^’sThoinn, iiiicvotoiae. 


fhm' [ifiints on :i planed and polished track ; 'wliilst on rlie side of 
Hie kiiife-carria^iie two other points slide ii[)on tlie mid^lle jdatc. 
Tims in tlie angle in wliich the block carrying tJie knife slides tliere 
ai'e five [mints of contact on [lolishcd sui-faces, tlie block itself Itaving 
weight enough to keep the whole steady, .so that at a touch it glides 
In and fro with a tirmnc.ss and [irecision tliat could scarce]^' be 
;iit;iined in any other way, 

'fhe [date 0 is an inclined [daiie, its highest point being in tlu* 
diivction of H. Tlie inclination of the angle is 1 ; 20 : it sup[:orts 
Hie ohject-holdei', 0 S, which rests in its [tiace exactly as does tlie 
knife- carriage, M b. 

Tins plate also hears the scnle which, by means of :i vm iiic'r 
nn llie object -holder, enables the tliickness of the section to he read 
nil'. 

The bottom [date is at once a base and a reevivm' for tluMl]'i[)ping 
H'ii'it, oil, tte. 
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For fastenitiij the katfe a thinub-scvew, C, fig. 391, serves intt 
ill the mollified' form of the instrmiieiit designed by tke Zooio^-ival 
Station Xai»les. this is lephiced by a single head-screw, 0, fig. :\\rl 
which is provided with holes and tightened ])y ineiins of a Ir^w. 
and to 'five greatei' freedom to the use of the knile there are stn.'ivil 
holes drilh^hand tapped into which this s(*rew^ fits. 

The knives of the form A, fig. 391, are generally screwed diiv.-rh 
totbeknife-earriage.aud are used for cutting very large section... tin- 
oljliciae ])Osition shown in the figure being the one that is geni-iiilly 
indicated for the cutting of very large objects. This knife is n.av 
.‘.chlom used except iu pathological ohservations and in studies 
central nervous system. 



Fni. sa2.— The Thoiiiii mievotome with tlie otual zoologist's kiiifo. 


Thf knife hiH'-ever. is idso Made upon another iiiodet, E, lij,', il'-li'. 
it tlieii liits a specihl luililei- «, in wliiol. it is secui eil in ii coniwt .1" 
l,vtlie.smnvs6. A', aiiiifinnlyheia. ' ' 

■ For Iloei. obiect.s vequirinfr considerttble lengtli to ci.t troi.i tlioio 
.,,•0 itlittes nrovi'.leil for elevtitiiiK tlie knives nn.l the kiufe-liol.lei's. 

The knife-bokier sitown in fig. :i9'2 ctm Ito rot,Tte<l round tketi.tn 
fonned l.v tlio screw c. This nlh.ws of any degree of slum nr 
oldiiiuitv'of direction Iteing giren to tlie knife, from tbe stry 
tnimvcv'siil iHisition shown in fig. :5!l'2 up to and beyond the slaiilnv 
riositioa slioivii hi fig. 391. But it provides no means of iilleriii 
the tiU of tlie Wade, that is, of elevating or dep'essing the lw(t 

the blade velativelv to its edge— a point of consiiiev'iible mi|)'nta . 
to whicli we shall vetiini later on. io meet tins diUnailti. I . 
maker (R. Jung. 12 La, idhai, sstras.se, Heidclhevg; his mstnnne. K 
us well as price lists, may bo obtained from Jlr. C, 
llolbovri, London) supplies wedges to be lu-serted under Ih, tnii. 
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These (Neuiiuvyer’s) \ve(]ges, nre liorsyslioe-sliaped, so tliot 

11 m’ be slippefl roniul the eeiitnil screu'. They are ma<le in [)airs, 
,ni(- iiienibei' of each pair having the opening of the liorseslioe at 
Thin eiah the other having it at the thick end. The wedge with 
til,, opening at the thin end is slipped undpr the knife-holder 

end towards tlie operator), and operates to tilt up the hack of 
knife. 

'I'lie sister nedge is then phiccd ovf-r the slotted stem or handle 
yf tlie carrier, thick and towar<ls the ojierator. in <tvfler that the 
jiiiidiii<r-se)'ew may ]ia\e a horizontal surface to hear (ni. The 
wedges are sold in sets of three pairs, of diflereiit degrees r)f hevel. 

This simple device is quite siithcieut s(Woug as the utmo.st pre- 
cision of section- cutting is not required. For more elal)Oi“ate woT-k 
it i,' convenient to employ a spta-ial knife-liolder. wliich jirovides a 
means of elevating nr deju’(N.sing the liack of the Made liv mtating 
the hliule round its axis. Similar contvivaju'es hate lieeii described 
]i\- Dr. Resse (in the ‘^Zeitschi-iftflii’ wi.ssensclia ft liche i\Iikcosk(»pie.' 
XIV. h 1897. p. Id; see STouriial of the Royal Miero,sc(ipical Soe.’ 
Mil/, p. Idl), and by Prof. Apathy (* Zeit.sehr..' xiv. 2, p. lo. .and 
•Jinirnal.’ 1897, p. 582). This last is rather complicated tn work 
yiitli, ;nid eon-sequently the Xa|)ies Zoological Station has wm-ktal 
out a new device, made by Jung, whicli it is ho[)eil will meet all 
i-tquirements. This i.s tlie ‘ Model L ’ of his price-list, and i.s 
feured in the ' Journal,’ 1899. p. That of Hesse is very 

>nii[ile. and ought to be (piite sulheient where im consider.ihle 
ciiiiuge of tilt is likely ^o be required. It is iiiarle by Jujig. 

llefore leading this part of tin* siilqect it a[)p(‘ars aih isahle to 
cDiisider briefly the question of knij'f'-pofiltiou in gejieral— a matter 
(III which sncces.s or failure in .section-cutting may often entirely 
ilcpeud. 

The position of the knife shfuild lie varied .-iceording to cireuin- 
sfaiices, l)oth according as to its fibod or oldi^juify in relation tfi the 
lino of section, and as to its tilL oi' the elevation of its l)ack relatively 
ti) its edge. 

As regard.s .v/uvd ---the slanting position, fig, dll], is arlapted for 
cutting soft and watery objetds. not imbedded, and tissues imbedded 
ill cclloidin, or the like ; for these cannot bo ent witli the kurfe 
iTiml tvansver.sely. It is also fre([neiitly indicated for ];arafrin 
"hjects; baton this head no general rule can lie laid down. TTie 
ti-iiiisvev.se position, fig. d92, is indicated for cut ting paratiin sirtions 
hythe ribbon metliod (see below, Imbedding Aletliods. Paratiin). and 
dso tVeijiieiitlv for cutting loo.se sectiems l)v the tiaratfin method. 

As regards iiU: (1) The knife must lie tilted enough lo 

lift tlie under facet of the e<lge clear of tlie tissue as it pas.scs over 
It. foi- if not the ti.ssues will be cru.shed l)v it as it jiasses over 
tlieia, (2) It mu,st not he too much tilted, or it will not hite. but 
will act as a scraper. Prof. Ajiathy, who h.us investigated the 
^iil.irject in an iiistructi\ e papt'r in the ‘ Sitzber. d, med.-natiuov. 
dcctidii (h 8iehenl:)urgi.sclieii AIaseuin\-erein.s, Kolozsvar.' xix. 1897, 
IT 7. coiichidos as follows : (1) Tlie knife shuuld always lie tilted 
^(’luewliat move than enough to being tlie under cutting-fairt of tlie 
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eilge clear of the object. ( 2 ) It sliouhl in general be le^s f,,,. 
hard and brittle objects than for soft ones, tiierefore, mkris pariiui^ 
less foi.' jtaratHn tlmii for celloidin. (Il) The extent of useful 4 ]f 
varies (according to the angle to winch the knife is giound, 
otliev factors) l)etween 0° and 1(3°. (Jung’s ordinary knife- hot h.i.y 
liave mostly a tilt of al)Out 9°, which is only enoiigli, with tliic 
})lane-etincave knives., for cutting ribbons of sections witli jj;,]-,) 
parathn.) (4) Excessive tilt causes parattiu sections to roll, and isiav 
produce longitudinal rifts in them. It may also set up vihration,.. iii 
(lie blade, wliieh are heard as a humming tone, and wdiich gi\i. 
mahdatory surface to tlie sections. Excessive tilt may often ho 
reeoguise<l by the knife giving out a short metalli<* note just a> it 
le:ives tlie (hject. For knives with plane nmler- surfaces it is selddm 
advisable to give less than 10 ° tilt; whilst knives with concave 
nmler-suvfaces on the eontraiy may require to i>e placed ahniKt 
horizontal. A knife witli t(X) little tilt will cut a second secTion. 
or a portion of one. without the ohjeot having been raised ; sho\vii|i>- 



Fi<;, a*,):-!, — Ob]cct-lioldev with jaws. 


that dui'iug tlie lii'st cut tile object was pressed down hv the kiiit' 
and recovered itself afterwiirds. Tliis tanlt is denoted by the ringin,;: 
tone given out liy the knife on passing hack over the ojiject hefnic it 
is raised. Kibl>on-e\itting laapiires a reIati^eh■ hai-d paraliiii aii'l 
le.ss tilt. AVith celloidin it: Is very important to avoid insiitfriciit 
tilt, as the elastic celloidin, with too little tilt, yields liefore tin- 
knife and is not cut. 

Tlie exigem-ie.s of section-cutting lan e given rise to^/ ijj-mI cHrief;! 
of objecl- holder ii in this instruinent. Tlio simplest is seen in UK 
tig. J91, which is a pair of jaws clamped by screws and tixed 141011 
the pivot 'at by the milled liead a. At u is tlie vernier, whicli indi- 
cates the position on the mm. scide, TA, and t is an agate highly 
polished, upon which the micrometer screw ni norks to dri^e forward 
the ohject-carriei', 0 S. 

The Zookxjical iStatlrni. at Xaples eniplovs a holder spei'ially de- 
signed for use with parafiiii ; the object is soldered witli paralHa on 
to the cylinder, h ij. fig. dl) 2 , 4’hi.s is supported on gimlial.s and may 
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ti,‘ vertically and horizon tally by means of the small screw cv, 

is fastened l)y means of the milled head, m. Hy the pinion n it 
„,:,v l)e displaced over 90°, and as greiit an inclination can be takem 
;i plane perpenrlicnlar to this by the supporting metal frames })y 
t, I, ..ills of the pinion p. In this way overv desired inclination of the 
olijeci to tlie knife can l)e readily secured. 

L’ig. d9v{ presents the same object -holder, lint instead of the 
i.\ lind'er a simple pair of jaws with tlie screw m to secure objects of 
,i\^-rv variety. A cylinder- holder as in fig. :]!):-> can i)»* placed in 
these jaws from \^'hich the Ijenefits of the Xe;i|>o]itan holder can be 
sf.ruved. But fig. :i9() shows a still greater inijiroveinent which can b(‘ 
applied to hotli object -holders, viz. a perpendiciUar d/.y'thce/'nent % 
oi^Kiis of a co(j and pinion governing tlie height of the mass from 
wliich the sections are to be cut. 

The ele\ator in hg. d93 is sn[)ported on one side by the [H'ismP, 
and on tile other by the rod : these are joined 1iy the bridge f/. 


sh 



Fi(i. — Object-lioldfi’ movable about two horizoiual axc> at vitebt angles 

to each utla-r. 


Ti.) which a cogged har is fastened, into which a pinimi catches, whicli 
i>iiioved hythe lever Y, allowing a perpemlicnlar disjdacenieiit of the 
"hject of 12 mill. At 0 is llie millimetre scale on wliicli the perpen- 
'liriiliir displacement can lie read off liy means of the index .r. 

.All object-holder movable about two horizoiittil axes situated 
lifipeiidicularly to each other is seen in fig. These [lositious 

:iiv fixed by the milled heads ^4. It ; p . shows the jaws for ludding the 
‘'hject. into wliich. however, cylinders like fig. 490 may be inti'o- 
‘hifed. This oViject-hohler lias a per})endicnlar displacement con- 
trolled by a .screw. The part. K. wlsiidisiqiports the chief axis of the 
.ij'Ws. is fitted on to the triangular prism St. the lower part of which is 
t'lniislied wit!) hinges; on the hinge the screw V moves, which at its 
'ipl'cr end lies close to K, and is sustained in this jiosition by the 
steel pliite <j, so that X is carried up and down witli it, and this 
li'oveitieiit is road off’ by a scale under 8. 


u I[ 
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Fig. 395 pivsents an object-holdey inkuded to analyse by dh'er.iiii,^,i 
sf’ction (vbjects which five wetigcd (n' hm-shiiped in form on a. tixfi] 
axis, liiit lUiiy be applied tt) other purposes. 

B is a pvism-sluiped, soimcircularly bent bar, moving in the An] 
F F' ; at h ami fd the jaws occupy the ])osition coiniiKm to tho.M. nf 
the ortlinary form. 



Fio, Sit'). — Objwt-holclev for analysis Uy diversifierl section. 


Oil the circumference of B a spiral is cut, wlu'eli becomes sliginiv 
vi>.ible at <f \ into this .spiral a .screw passes at H, which is turnedln- 
the milled head S, which can alter the position of the aic. to tla 
horizontal to tlie extent of 1 mni. : and the auioiuit of the change uf 
position can be read off on th(' graduated circle K. 

In a ftxe<l positi<m the middle of this sect ion 'holder is the plaiir 
of action of the knife. If an object be fixed in tlie Jaws so tliat tlir 



Fie. — Cylinder fni' use with jiiwk. 


fixed axis of it lies ill this jdane, it will only lie reipiii-ed that tlie 
screw 8 lie lirouglit into action to obtain wedge-shaped sections ul 
whatever thickness is re<|uired, wliicli will all be made in this !»xi>- 
'Idle set of cylinders which may be used with these and otiici 
jaws is repre.sentod in fig. 39(3: 6 //is the cylinder, (5 the coinjn-cs.dii,:^ 
screw for it^, tlie block W being held in the jaw.s. 

The object-slide adth its rentkr may be .slidden up the incline 
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lijind; but it is much' more accurate to control its movement witli 
rhe micrometer-screw. The point of thLs screw in fi^. 392, t, works 
,,11 tlie ]>olished plane of an agate cone. The clamp on wliicli the 
^c-rew is mounted is held firmly in iis place by the milled liead \V in 
Sc/o [t may stretch up {\s far 0, being refastened by W . 

The screw vt is so cut that a single rotation moves the slide on 
the I'Vivl)' mm., which in the inclination of the [>lane of 1 ; 20 gives 
;t]i elevation of tiie object of j ljp,, mm. Tlie barrel (O' drum, X. 
situated on the axis of the screw, is divided into fifteen parts; con- 
stHpieiitly the interval of each division coi'responds t(» an elevation of 
mm. 

There is also an action by means of a .spring which gi\’e,s the ear 
:i.v well as the eye cogni.sance of the amount of elevation which lias 
taken place, whicli greatly relieves the eye. This, howevfa . can be 
iH Oiight into action or not at the option of the operator. 

liesides these object-holders a freezing ap^iaratus can ]>n added 
wliich is simjdy ]ilaced on the object-slide as shown iu fig. :;<)7. 



Eic. :397. — Freezing ai>))iivatus for the Tlioma microtome. 

The freezing is effected by etlaa'-spray. A specialh' favourable 
effect is nlTaiiied if tlie cylinder y is mica and not glas.s, A layer of 
water freezes in from tliirty to lhiiTy-li\'e seconds. 

An arrangement of the Thoma for cutting larijf ohjects lias also 
been devised wliieli is illustrated in fig. 398. 

The knife is to lie jilaced considerably liigber in front than 
hchiiul, in order to le.sson the pressure on the ohjects In ordei’ to 
satisfy all demands, the knife-rest is adjiistalile. 

3'he knife, is so arranged that the whole length of blade can lie 
'i^cil. and tlieii the screw c is fairlv tightly screw ed down. As sli'ong 
knivo. even of a length of 36 cm,, easily give, a knife-support has 
heen con.str acted ; this is fa.steiied by the screw' c' to the carrier, 
file .Mijiport is aj'ranged parallel witli tlie liack of the knife A1 ; if 
tlu' extremity n be .^lightly ]>i'esseil backwards, so that it touches the 
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knife, it is then fixed in tliis positioii bvtliest'rewr) (scai eely evident 
ill the illustration). 

This done, tlie spirit- vessel S/; eaii he arranged in a jiosition 
^vhich will not interfere with the free movement of tlie knife, in 
.iider tlmt a strejiin of spirit may follow tlie knife over the object, 
tlie following arrangement is adopted. The spirit-vessel Hp turns 
round an axis on the cohmniA; to it is joined the arm L, which 
raiTies in fi’ont the fine tube r (connected with t tf). and also tlie rod 
j , : the latter is movable perpendicularly, and to its lower end a 
Iti idge or grip with two small lollers i and T is fastened. The rod 
j> is so placed that on each side of the metal strip h, sta-ewed mi. to 
the knife-su[)port, there is one of the rollers. J>y the adjusting 
screws tlie whole apparatus is so arranged that, when the knife- 
carrier is in motion, no other friction occurs than that of the rollers 
(111 the .strip b h. 

Tlie vessel Is filleil by sc'rewing off the liead Z. As the tiiiie r 
acts as a siphon, it is necessary, when the cock is turned on. to blow 
down the tube. Tlie stream of s^iirlt, sliould be lUrected at a right 
angle to the knife, and about the middle of the object. This ilone, 
tlie object 0^, by ineniis of the screw K, is firmly gra.sped in the fangs 
of the object-carrier ; tlie correct direction for tlie position of the 
knife is given to its surface by the screws aty’and/^, <aud then 
the a.ves of the fangs are tightened np \>y the levers q and 7'. If 
the height of the object is not quite correct, adjn.stiuent is nimh^ by 
rlie screw m. l^y turning the screws S. S the holder is fixed, 

V is a wlietd with (‘ranked axle Ea”, .and this by means of a cat- 
gut hand mnve.-i tlie knife. 

For the mpid [iroductioii of ribbons of sections, however, the 
iiistruuieut qnrr r.rrdlf'iicf' is tlie Caiiihridge rix’kiiig iiiicrotonie. If 
is illustrated in fig, 

d'he principle is the eiiqiloyment of a rotary insteail of a sliding 
liiiivemeut of the [airts. Two iqirights are cast on the base-plate, 
and are proxided u itli slots at the top. into xvhich the razor is placed 
and fdanqied by two screws with milhal heads. Tlie inner face of 
the slot is so imule ns to give the razor that inclination wliich has in 
practice been found mo.st advantageous. The razoi' is tlius clanqied 
lietween a fiat surface and a screw acting in the middle of the blade, 
iind the edge of the razor is consequently in no way injured. 

Tlie imbedded object is cemented with paraffin into a brass tube 
which fits tiglitly on to the end of a cast-iron lever. This tube can 
he made to slide backwards or forxx'ards, so as to bring the imhe»lded 
"hject near to tlie razor ready for adjirsting. It is now furnished 
witli a mechanical arrangement for accurate]} adjusting the position 
of the object. The cast-iron lex'ev is ]hvoted at about 8 in. fi'om the 
cud of the tube. To the other end of tliis lever is attached a cord 
hy which tlie motion is given, and the oliject to be cut brought 
acro.'is the edge of tlie razor. Tlie liearings of tlie pivot are 
V-shaped groox’es, whicli themselves form part of another pivoted 
wsteiii. 

rimiiediatelx' un<ler the first pair of V’s is another jiair of invert/ed 
V's. wliich rest on a rod fixed totxvo iijiriglits cast on tlie base-phite. 
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A liorizontiil anti projects at right angles to the plane of the tw,, 
sets of V’s, tliH whole being parts of the same casting. On the en.] 
of the horizontal arm is a boss with a hole in it, through whicli a 
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passes freely. The bottom ot the bf)ss is turjied out splieri- 
ami into it fits a spherical nut working on the screw. The nut 
is |i'revente<l from iuriiiiig by a pin passing loosely through a slot 
iiL tlie boss. The bottom of tlte screw rests on a pin fixed in the 
l,sso-)>late. 

It will he seen that the effect, of tiii'iiing the screw is to raise or 
liuver the end of the horizontal arm, and therefoi'e to nun-e backwards 
,,i- forwards the upper pair of V’s, and with tliem the lever and 
(ihiect to be cut. The top of the screw is jjrovided witli a milled liea<h 
\v)ii<-li may he used to adjust the ohject to the cutting ilistance. The 
(ll.'^tantM;^ between the centres of the two [livoted systeiiis is 1 in. arnl 
the distance of the screw from the fixed rod is h|- in. Tdie thread 
uf tlie screw is 25 to the inch ; th\is, if the screw is turned om'e round, 

fhe ohject to be cnt will be moved forward ^ of or ^ in. 

25 Gj LoG 

T'he turning of the screw is effected automatically as follows ; 
A wlieel with a milling on tlic edge is fixed to the iKrftoiii of tlie 
screw; an arm to which a pawl is attached rotates aliout the {uii 
whicli suppoi'ts the screw. This arm is moved backwards ajid foi'- 
wai’ds by haml or by a cord attached to any convenient motoi-. 
W'lion the arm is moved forwni'd the pawl eiigages in the nulling 
aiul turnstile wheel ; when thearmislno^■ed back tlie pawl slips over 
the milling without turning the wlieel. A stop acting against the 
pawl itself prevents any possibility of the wlieel turning, hy its own 
aioiiieutum, more than the required amount. The ;nan is always 
iiiovctl liack wards and forwards, lietween two stops, a definite 
aiiimmt, l)ut the amount tlie wheel is turned is \'aried by an adjnstabk' 
sector, which engages a pin fixed to the ]);iwl and prevents the ]iaw] 
(Voiii engaging the milling of the wheel. By adjusting the ])Ositinn 
(if this sector, tlie feerl can he varied from notliing to about of a 
liirii ; and hence, .since the screw has 25 thi'eads to tlie inch, tho 
thickness of the sections cut can be varied from a minimum, 
(lc[)euding on tlie ]>erfection with which the razor is sharpiumd, to a 

itia.xlimiiii of of of or of a turn. 'I’he i>racli<-al mini- 
52 25 G] lOOO ^ 

mum thicknc.ss obtainable with a good razor is ap]>roximatelv 
iiicli. The values of the teeth on the milleil wlieel are as follows — 

1 tooth of the milled wheel - ui. = -000h2*5 mm. 

*2 teeth ,, „ =^-^ 777 , in. = •001*250 mm. 

4 „ =j7-i777im = '00‘2o mm. 

10 in. ■= '01 nun. 

Tlie movement of the kwer which carries tlie iiulnalded object is 
eft'ecled by a string attached to one mid of tlie lever. Tills string 
pjisses under a pulley and is fastened to tlie arm carrying the jiawl. 
Attached to the other end of tlie lever is a spring pulling downwards. 

lien the arm is moved forward the feed takes jilaco. the string is 
pulled, the imbedded object is raisial past the razor, and tlie spring 
Is stretched. AVheii the arm is allowed to move back, tlie sjiring 
draws tlie imbedded object across the eilgt* of the razor, and the sec- 
tion is cut. Tlie stj-ing is at(;udied to tlie lever by a screw which 
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i>llows tlie position of the imbedded object to be adjusted. sf> tlun m 
the end of the forward stroke it is (ady jnst past the edge of t],n 
razor. This is an iiii[)ortaut adjustment, as it causes the ra/t-r t<. 
commence the cut when the object is travelling slowlv, and ])rodll,•,.^ 
the most favoiiralde conditions fr>r the sections to adliere to ( in], 
other. 

The following are perhaps the most prominent advantages of rlii^ 
instrmneiit ; (1) The price is low. (2) Manipulation is siiii|h‘ 
(3) Tiie work is rapid, and extremely accurate. (4) There aiv n,, 
(lelicatc working ]jarts winch can get out of order, ami tlie uhol,. 
instrument is easily taken apart for packing, and is very portalh-. 

Tlie above <lescriptiou refers to the original form of Iheinstrii 
ment. Later, the Oandn-idge Scientific Instrument Company liam 
hrouglit ont an improved form, at a higher price. For 
purposes the original form will snfiice. The instrument is siiid hv 
the makers to cut eelloidin objects ; but for this puq)Ose a slidijii; 
microtome will certainly be fiumd preferable. 

The iMinot microtome, of wliicli a description may be found in 
the ‘ Join-nal of the Royal Microscopical Society,’ 1889. p. 143. is a 
neat instrument, designed, like tlie Cambridge rockei'. for ciittia!^'- 
l iblxjns of paraltin imivdded ol ejects. It is worked on the sewing- 
machine principle, and cuts very rapidly. But its work is not >o 
fine a.s that of the (.hiiibridge instrument, possibly on account of iu- 
siitficient (‘ompeiisation in tlie u'orking parts. This defect is s;iid tn 
have been saiisfiictorily overcome in the beantiful instrument, n in- 
structed on the same principle, of Reiiihold, a description of whicli 
may be found in the journal above (pioted, 1893, p. 70B. The work 
alforded liy lids ins1 riiiiieut, is cerlainlv (if the liigliest order. Imt 
the price is against it. as it c{)sl,s al)()ui 2i)I. Both of tlu'st' in.stni- 
ments are said to he able to cut eelloidin sections ; but it is self 
e\‘ident that they are not so well adapted for that purpose as the 
sliding miciotome, 

It is uiineeessaia' hei'e to <lo more than allude to tlie large ami 
eumbrous instruments specially <lesigned for cutting .sections ot 
brain. 8ucli is the mierotome of Strasser, of which a de.scription 
may he fouml in the ‘Journal of the Royal Microscopical S(«*iety.’ 
1892, ]i. 703, and tli.at of Cuddeu and others. Tliey ace <inly 
reipiired for certain ^ery s[»ecial neurological i’eseai'ehe.s, and arc 
not at all ada[)tcd to tlie wants of the zoologist or histologi.st in 
general. For the.se. we nia}’ lua'C repeat, the all-ronml instrmneiit 
par eircHUnce. h Jung's inerlium-sized Thonia microtome, Xo. J.^ ., to 
which, if lengthy series of jiaratfiu sections be frectuently mpured. o 
Cambrulge rocker may convenient ly be added. 

But it is needful also to describe one or more of the he.st instrm 
inents designed specially for cutting sections b}' conrjdalktn 
of the imbedding mass. 1 )i'. R. A. Hayes designed an idlier fret'zin.i: 
microtome u itli the object of affording to tluxse who have occasional 
nee<l to cut sections of tissues for pathological investigations. Ac.. 
the means of doing so quickly, conveniently, and accurately. Ii 
illustrated in fig. 400. It is very compact, solidly constructed, ard 
simple in plan. It freezes rapidly, and permits sections ol larg'* 
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.iivi:U’e to be mnde witli }»r(H'isi()ii, sections 1 in. x in. liiiving 
Ihcu cut by it without diffieultv. 

It consists of a solid cast-iron base. A. 10 in. x 4^7 in., which 
l■,.^rs upon a mahogany block. Exteuiliiig the whole lengtli (yf tlie 
ii|t|ier surface of the base is a V-sha]ieil gutter, (ui the planed sides 
„f which .slides a heavy metal block, 11, oji the Hat tojy of which 
iIlc razor is secured (any ordinary razor can be nse<l). the tang 
ticing grasjyed between two Hat pieces of iron, which are [)re.s.sed 
nigethcr by a winged nut, C. The razor hy this arrangement can 
h(> sccui'cd at any desired angle to the direction of its motion to 
fro. 

The freezing- chamber is formed by a slmrt vulcanite cylinder. 1), 
irs lower end being screwe<l into a brass base, E. To its upper end 
is fastened by two bayonet-catches a brass plate. K, on whicb the 
tissue to be cut i.s placed. Inside the cylinder, 1), and rising fi-om 
till' ha.so, E, i.s an ordinaiy spray, the air ami ether being su[v[)licd 
tlinuigh tubes, g and H, jyassing outside through the l>as{‘. 'I'heve 



Fi(i. 400. — Dr. Hayes's ether freezing micrnt'une. 


is als(y an opening in tlie floor of the chanihei coniiimnicating with 
llie lube, to allow the overflow of ether in case of any acciimulatiitu 
inside the cylinder ; any such ftvei'flow may he returtied Itv the tube 
to the other Slip] ily bottle, K. The freezing-chamber i.s secured To 
die top of the micrometcr-.screw arrangenuiit. Z, wbicli i> of the 
siiiiplost form, but has a jierfoctly smooth and regular motion. The 
lint is divided to indicate a section 04)1 mm. in thickness, but half 
this Thickness can be out without difliciilty. 

'file method (yf using the microtome is very simple. Tire .slide 
and lilock. 1), having heen carefully rubbed clean and well oiled, th.c 
razor is clamped at any desired angle, the bottle, K. is filled with 
t'ther (good dry Jiiethylated ether answers perfectly), and the pieci* 
"f tissue to 1)0 cut, having heen previously saturated with 1hick gum 
xhitioii. is placed upon tiie iilate E, and the spray which plays ujion 
the under surface of the plate. F. set working by the hand-|mm]i. 
-'I : in a short time the tis.siie will be frozen (juite throngli. and if a 
ituinber of sections are re(juire(l. an occasional stroke or two of the 



474 rREPAIiATIOX, MOUNTING, AND COLLECTION OU OB.]K(:ts 

pinu}! will keep tlie gnin in proper eoiuUtion for cutting, 
t^eetions lU-e e:»si]y cut, ;is in other luierotonies of tliis cTi\ss. hv 
altenijite niovemeuts of the fserew, Z, and strokes of the razor. 

Tlie instrument mav also be used for cutting tissue imbedflci] in 
paralKn or other mass, the object to be cut being sectured in positin]] 
either byl>eing gently heated at its umler surface and pi'essed outlii> 
plate, F, to wliich it firmly adheres on cooling, or hy a simple cliinij)- 
iiig arrangement, which can be substituted for the freezing-chainhei- 
\Vl\en used in this way large nuuihers of sections may be cut in seri,>s 
by attadiiiig to the razor a light suppoit to receive the section, < hs 
1 hey are out. 



Flo, 401.— Callicui'L's tic-eziug inicrotoiiit'. 


.Vmdher iiio.st seiaiceabh; and admirahle, because inexi>eiisivt' 
and efiioient, microtome, especially for tV('eziiig purposes, was 
devised by Mr. Cathcart ; and it is now prt\scuted in a siinplifirl 
and iin|n-oved condition. Tije insti'iniient is illustrated in Jig. Idl. 

In this form the clanijiing arrangements ore mucli more jicrfcct 
than in the old form ; tlie pi'incipal screw and its milled heod aiv 
larger ami more convenient; the freezing-] date is circnlor, and i< 
]a'ovi«]e«l with an avraugeineiit for ]>i'even1ing tlie ether, with whirli 
the freezing is efiected, from reaching tlie iip|)er side of the ]diitr: 
and the instruineut is now so modified that it can be used for ordinal'} 
imbedding as well as freezing. 
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T'lie increitsBtl size of tlie screw gives a more steady inovemeut, 
fliiiu was possessed by the older and smallei' microtomej svhile tbe 
circumference of the screwdiead enables an o])erator to im- 
L, t a ftner movement to the screw. The relatirm between the pitch 
(if tlie seveAV and the circumference of its head is such that if the 
Ije moved forward a (piarter of an inch, an object will be raised 
,, lie thousandth of an inch ; and if it he moved an eiglitli of an inch, 
tlie (hject will be raised a two-tliousandtii of an inch. 

In tlie oi'iginal instrument the plate was supported on two 
|,ill;irs, in or<ler that as little heat as possible migl^t be conveyed to 
the freezing-plate from the Imdy of the instrument. In the new 
iiistriiinent tlie size of the thi’ee supporting pillars and screw’s is so 
iinu'h reduced that the conducting surface is not greater than in the 
old microtome. The arrangement foi' cutting imbedded sections 
('iiiisists of a tube which fits the jn'Iiicipal well of the microtome. an<l 
within wljich fits a liinged ])art similar to an ordinary vice. Witli 
the instrument are provi<led tlie means of prepa.ring paraffin bhicks 
fdv imbedding sections. 

When it is intended to use the microtome for imheddlng, the 



Fii.. 4(i:J|.— HoMer for Catlioart’s microtome. Fi(i, 40:^,— l)i’ 0 [i])ing-l)Ottle, 

vilier sjiray. spray-bellows, and ether-hot tie sliould be removed, and 
ilie freezing-tube, liaving lieen I'aisetl as far as possHile by means of 
die priiici[)al screw, should then lie withdrawn from the W'ell. Tlu‘ 
liiihetliling tube, fig. 402, is now' placed in the well, and, having been 
[luslioit (lown until it rests upon the |ioint of the large sertov, it ma.v 
lie lowered to a convenient height by working the large screw' back- 
wards. 

Mr. Cathcart recommends in freezing with this instrument that 
;i few (h'ops of mucilage (1 jiart gum to jiarts water) lie placed on 
die /hie jilate, and that a piece of the tissue be cut. of aliout a quarter 
'll im inch in thiekno.ss, and pressed into the gum ; the ether-bottle, 
filled with !inhy<h‘ous methylated ether, is taken and tlie spray points 
t't^dicd into their socket, All sjdrit must of course have been ]>re- 
'iously removed by soaking fur a night in water. Tlie tissue .slumld 
hterwards he soaked in gum fur a like time before being cut. The 
"i’cvator must now' work the s])ray belluw's briskly until the gnin 
fcgiiis to freeze ; after tliis, work’ move gently, liaise tlie ti.ssue by 
tinning the milled head, and cut bv sliding the knife along the gfims 
lilutes. ... 
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Mounting. — By the term ‘ mounting' is meant the aiTanoluff 
specimens on slides in such media and in such a manner as av.- suost 
favourable for the demoiLstration of their minute structure l;v 
microscope. In tlie case of the most numerous and importaiii duss 
of obiects tliat it is the function of tlie microscope to seiu', inU. 
namely, those derived from the substance of animal or veor.tahjt' 
(H’gaiiisius, it is found that no methods of mounting will avail to iv- 
\-eal thei)‘ minute structure unless the specimens ha\-e first Ikvu 
submitted to the frequently very elaborate processes of p]c\i(,i,s 
jtreparation to be hereafter described under the heads of Fi,ri,nj^ 
ImhMbuf, Sfction-cuithig, Stainhuj, and the like. But still tliert- 
are many objects of interest and beauty that can be satisfactoi’ih 
mounted without the aid of these elaborate processes of pvevioiis 
preparation. And as also the manipulations of mounting muo 
stricto are in principle the .s^niie in both cases, it appears advisakli- 
to make the description of the pro(‘esses of mounting ])recede tliat 
of the processes of previous preparation ; merely warning tlie 
beginner that in the case of the majority of specimens intemled tn 
illustrate the minute structure of the tissues of either animals oi 
plants, such previous [irepanitiou is a sine (ju.a non. 

The m:iiii[)ukitions of mounting will alone he described lien‘. tlie 
most useful mountiin/ mpdia being described later on (‘ Preserva- 
tive and Mounting Media ’) . 

In dealing with the small quantities of Hui<l media required in 
inountingnncroscopicobjects.it is essential for the operator to tr 
[irovideii with the means of trausferriiig very small quantities from 
tlie vessels ooutaining them to the slide, as well as of taking oji from 
tlie slide what may be lying siqxu-fluous upon it. Wliere .some oiu- 
fluid, such as glycerin, is in continual use, it will be found very eon 
veiiientto keep it., in the small dropping-bottle represeiiteil in fig. lit-!, 
The st.op[ier is perforated, and is elongated below into a fine tiih*. 
whilst it ex])ands above into a bulbous funnel, the mouth of which I 
covered with a jiiei^e of thin \-ulcauised iniliaruhber tied firmly 
I'ound its lip. If pressure be made on this co\er with the ]»oint of 
the finger, and tlie end of the tube be immersed in the liquid in the 
Viottle, this will rise into it on the I'emoval of the finger; if. tlioii. 
the funnel lie inverted, and tlie [iressiue be i'enp])lied, some of tin- 
residual air will be forced out, so tluit l)y again immersing tin* end 
of the tube, and removing the pressure, more fluid will enter. This 
eiperation iiiav be repeated as often as may be nece.ssary, until tlic 
bulb is entirely filled ; and when it is thus charged with ftiiid. a.' 
much or as little as may he needed is then readily expelled from it 
by the pre.s,siu*e of the*" finger on the cover, t lie bulb being alway> 
refilled if care l.ie taken to^immerse the lower end of the tube IwTorc 
the pi-essure is withdrawn. We speak from large exiierienoe of the 
value of this little implement, wliicli is very clean, simple, ami um- 
ful. But the small pii)ettes now used so commonly for filling the 
stylographic pens, fitted into the centre of a cork and placed m ain 
wide-mouthed bottle, will be found to be, though Ic^!-' cigan^- 
equally useful and much less costly, .. 

Solutions of Canada lialsam and gum-dammar in volatile muu- 
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1,. 4 kept in wide-mouthed capped jars, the liipiid being taken 
I,, It Mil a pointed glas8 rod, cut to such a length as will enahlo it 
^(isiuiid ill the jar when its cap is in place, (nvat cjive should l)e 
to keep the inside of the cap and the part of the neck of the 
j.,y dll whicli it fits quite ctmn, so as to prevent the fixation of the 
lu'ck !)>' the adhesion between these twf> surfaces. Should such 
;ni!u‘sion take jdace, the cautious appli<;ati(ai of. the heat of a sjiirit- 
will usually make the cap reuto\-ahle. In taking out the 
li(j\ii(l cave sho.uld be taken not to drop it prematurely from the rod 
iiiiscUancc which may be avoided by not taking up move than it 
will ]in)]»er1y carry, and by holding it: in a liovizontal ]K)sition. after 
(hawing it out of the bottle, until its point is just over the slij) or 
cdi't'v oil which the liquid is to be depn.sited. 

A bottle for use with reagents, enabling the operator to pour out 
milv the quantity he desires, is in valuable. Si nail rapped and stoppered 
linttles. the stoppiu-s of 
whirl) are Uihes, and tlie 
wall-fitting cujis of cvhich 
|iirveut eva])oration, are 
verv valuable for aqueous 
aiul thin fluids. We illiis- 

tiatrthis Ixittle in fig. 404. 

All that is needful is to 
i:ike the bottle, with tlu* 
in tlie warm hand, 
iiml bv sligiit expansion a 
(hdj) or more as required 
is exuded. These bottles 
:in* easily proeuraVile. 

Hut we like still better 

1 ^ 1 Ji_i Fkt, 4i)4. 1* i(t, Hbj, 

Tlie .small heniiau bottles. ^Npaasiou am,. (Un,auMlvop-l>ottle. 
.'howii in tig. 405, eoiitain- bottle. 
hi« about oO grammes, in 

wliirh two deep grooves are eut on opposite sides of the stopjier. m) 
iii'umged that i)v gix'ing the stopper half a turn one groove is 
niiimrted with a hole in the ueek of the liottle : tliis will l>e seen at 
'f in fig. 40.5 ; the air travels down this groove, and by inverting the 
lif'Ule the fluid enters the otluo' groove of the stopper ami finds its 
way to a third groove eut in the insiile of the neek and extending to 
ilii' lip. The figure shows the bottle complete. 

Mounting' Thin Sections. — It is customary to recommend the use 
of 'section liftev.s’ in oialer to raise ilelicate sections out of tlie fluid 
ill wliich they finally are |)hiecd into the position in which tliev are 
ta be moimted. For very large sections they are ]irohably essential ; 
'"It til mi personal experience, siqiporied by the most accoiiqilished 
liistolugieal mounters of our time, we believe tliem to be adverse to. 
1‘Htlier than proiiiotive of. good .section- mounting, (hie of tlie 
iiiaiiv patterns reoomim-nded is shown in fig, KKh vvliere it will Ive 
''mi that one end of tlie Mifter’is perforateil. for the jmrpose of 
'li'aiiiage, and the other is plain. 

Hie present writer cannot endorse tlii' reeommendation of tliis 
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iiistrumentj l)ni i)vefei‘s a smooth ghvss rod or tube ; the iu 

rtuid can easilv l)e made to wiup itself round the rod, from wim-ji it 
may he rolkafoti' into a drop of liquid pkred on the slide. It must 
he 'manifest that the less we have to inanipuLate such delictxte ^ecri(,lK 
as we are now considering, the bettor ; to get a section on ;iuA ..ff 
tlie -lifter' is a needless process. We should, as stateil ai),ne. 
iiiOihit on the cover-tjlass, and this cover should i)e the only lipta' 
ein]>loved. 

The cover must he carefully cleaned, and properly selectnl ti* 
size and t.ennity. Bv means of a needle or the handle of an ivniy 
dissecting-hnife the 'clearing ihnd iu wliicli the section is ve>uiiu 
prior to mounting is gently tllsturl)ed, iu a good-sized o,- 

saiiccr, until t he section desired is in its proper jiosition on 
cover. Now lav the cover, section upwards, on fresh hlotting-pujic-i-. 
to take off tlu^ superflnous licpiid fi'om the free side of the cover, iiml 
then hold the edge of the slip at an angle, more or les.s aciUe. with 
the section towards the blotting-paper, hut ne^-er suffering tlic 
forinei- to touch the latter; when this has removed the superHuoiis 

liipiid from tlie section, lay tin- 
cover, section upwards, on a 
ghiss slip, put on (.'^av) tin- 
henzol l)alsa.iii until it stands in 
an evenly diffused mound cover- 
ing the section, and lay it addi- 
ahsolntely protected fiom dim 
for twenty-four liours in 
that tlie benzol may evapomte. 

Now take it out, place iijnai 
the centre of the section oin- 
snrdl drop of fresh heiiziil 
lialsaiu, and turn the cover (wn 
on to a warm slip, being caiet'ul 
to have guides to the ])Ositiou on 
tile slip on which it .should be fixed ; and in an hour or .so we may 
clean off superfluous balsam and finish the slide. 

To those who mount nmeh this will prove the quicker jdaii, a>. 
for tine results, it is undoubteilly the hetter. 

The above considei-ations refer only to loose sections uf Hu cK 
or thin membranes, or other tlnn ami isolated objects. It is (>iie at 
the advantages of the paraffin process tliat witli paraffin sertiom lu' 
lifter is retpiired, as these are (ait dry, and being stiffenetl by tin- 
paratHn may be lifted by means of a fiat cumeTs-liair brush, or a 
seal[>el or forceps. The manipulations of mounting series of scctioe-i 
on one .slide are described under ‘ Imbedding Metliods, 

AVhen the pviqiaration has been iireviously immerseil m foic'ixoi 
liquids, and is to l)e mounted in glycerin, glycerin jell.', 
Pavrants’ medium, the best mode of placing it on the slide is to noiit 
it in a saucer or sliallow capsule of "'ater, to [dace the slide or (••"e' 
beneath it, and, wlien the object lies in a suitalde position aho'e it. 
to raise the slide or cover ca.uiiously, holding the object in ]dacp } 
a needle, until it is entirely out of the water ; and the small (luaiitit' 
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still siiiTouiuliiig the object is t-o l)e cjirefnlly drawji off by 
being taken not to toucb the object with it (as 
jfs tibres ure <apt to adhere) or to leave any loose fibres ou the slide. 
I'etbre the object is covered, it slioidd l)e h inked at nuder si 
^|j bisecting or mounting microscope, for the purpose of iiu[)i'oving (if 
(lednible) its disposition on tiie slide, and of I'eiiioving any foreign 
narticles tliat may l>e accidentally present. A drop of the medium 
/li(jiu‘fied, if neces.sary, by a gentle warmth) is then to be placed upon 
il. and another drop placed on tl\e .sli]) or cover ami allowed to spread 
our. The cover being then taken up with a paij- of forceps mn.st bo 
inverted over the slide, and brought to toucli it at one part of its 
iiiafiiin, the slide being itself inclined in the direction of the place 
i)f ooutact. so that the me<liiuu accumidates there in a little [loob 
llv trently letting down the cover, a little waA'e of tlie loedinm is 
|in!s.se(l before it, and, if enough of the medium lias been depositeil, 
flu.* whole space lieiieatli the eo\ er will lie fdled, and the objeet com- 
pletely saturated. If air-1 nibbles should unfortunately show them- 
selves, the cover must be raised at one niargin.aiida fnrtlier (piaiititv 
of the medium deposited. 

If. again, there are no air bubbles, but the medium does not 
extend itself to the edge of the cover, the co\ er ne(Kl not be rai.sed. 
lint a little mav be deposited at its edge, whence it wall soon be drawn 
in bv capillarv attraction, especially if a. gentle warmth be applied 
To the slide. It will tlieu lie advantageous again to examine tiie 
pirpai'ation iiiuler the dissecting microscope ; for it will often happen 
tliat an opportunity lua}' thus bo found of spreading it better by the 
a]i]ili<'ation of gentle pressure to one part oranother of the covering- 
^lass, which may be (lone without injurious effect either with a still' 
neeillc or bv a pointed stick ; a method w hose jioeuliar \ aluc, when 
viscid media are employed, was first [lointed out l>y Dr, lleale. Tlie 
slide should tlien lie set :iside for a few days, after whioh its moimt- 
inif mav be completed. Any excess of tlie medium must fiist 
be^ removed. If glycerin lias been employed, much of it maybe 
iliawn oft* by blottiiig-pajier (taking c^u•e not totouchtlie edge of the 
rovin', as il will lie very ea.sily displaced) ; and tlie remainder may bc- 
washed away with a camel's-hair brusli di[)ped in water, wliich may 
lir tliiis earried to the edge of the cover. The water having been 
drawn off, a narrow ring of liquefied glycerin jelly nijiv be made 
(liriinid—not on — the margin of the cover (according to the suggesl ion 
of i)r. S. Mar.sh) for the purpo.s 0 of fixing it before the cement is 
applied ; and when this has set, the slide may lie placed on the fnrn- 
talde, and the preparation ‘sealed ' by a ring either of gold-.size or 
of Bell's cement, wliieh .should lie carried a little ovpr tlie. edge of tlie 
rover, and outside the margin of the ring of glycerin jelly. Tin's 
* ringing ’ should be repeated t\vo oi' tlire(" time.s: and if the ]ire- 
t'anilion is to be viewed with ‘ oil-immei’sion ’ lenses, it should be 
tlnished oft’ with a coat of Hollis s glue or Bell's cement, wliich are 
not attacked by cellar oil. U util the cover has been perfectly .secured, 
a slide caiTving a glycerin [ireparation should never be [daced in an 
inclined position, as its ('.over will be almost sure to slide l\v its own 
weight. If glycerin jelly or barrants' modium has been employed. 
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less cjintion need be used, as the (‘over-glass.nftera few days' .sen 1 ,.^^.^ 
will adlicve ^eith sufficient tiniiness to resist displacement. 'I’li,. 
supevduous liiediuiii Irvving been I'onioved by the cautious 
knife, the slide and the margin of the (:o\er may be coiu|>l,i,.iv 
eleaiised bv a caineVs-hair Inush dipped in warm water; and. 
tjuite dried, the slide, placed on the turn-table, may he sealeil uiili 
gold-si/A'— any otiier cement being afterwards added, either Ihr 
additional security or for - appearance.’ 

It is well in mounting in glycerin jelly to soak the olijt-ci 
previoHslv in dilute glycerin, and we prefer to 'ring’ with heu/ok 
and balsam, whicli .should haihen. Then coat the ring ^\-ith sliellar 
vaniisli two or tliree times and [)ermanently finisli witii thin coats of 
uald-.siy.e. 

AVlien, on the othci- liamh the section nr other prejiaratiini ist.. 
lx* mounted in a r^suions m'^diton. it must liiive been pre\ iously [nv- 
piired for tins in the modes de.seribcd tnrthei' tin, winch will preseia 
it to the mounter either in .some essential oil, or in .xylol or benzol 
or the like, or in alcohol. From either of these it may l>e traiisfcireil 
to the rover or slide in the manner already described. 

The thin sections cut by the microtome, or membranes oljtaiiud 
hv dissectioH. do not re^juire to be placed in cells when mounted in 
aiiy riscid medium ; since its tenacity will ser\ e to keep off iiiiui iou- 
]u-essure In' the cin er-glass. 

Mounting Objects in ‘ Natural ’ Balsam. -Although it is pi v 

I’eralile for histological piu'poses to employ a solution ot hardcncil 
halsaui. a< dliarted iimler - Alouiitiug Media,’ yet as there are inaiiv 
ohjirts for mounting for wliich the use of ihe 'natural’ l):dsain is 
[iceferable. it will be well to give some directions for its use, \\ hen 
sections of haid substances have been ground down on tlie slules to 
which they have been ceinenteih it is much better that tlay slioiilil 
be mounted without being detached, unless they have become cloggth 
with the ahraded ]iarticies, and reijuire to be cleansed out a.s is 
sometimes the case with sections of the shells, spines. Ac., ot wliiiin- 
derms. when ihe balsam by which they have beeii cemented is t.«> 
soft. If the detachment of a specimen be desirable, it may U- 
loosened bv beat, and lifted off witli a camel's-hair l)rud\ dipi>e(l in 
oil of turpentine. But, where time is not an object, it is far heller 
to place the slide To stoe[i in ether or chloroform in a caiipeil jar 
until tlie oldect falls off of it. self by the solution of its cement. _ It 
may then be tlmrougddy cleansed l>y boiling it in metliylated s[arir. 
and afterwards laid upon a piece of 1 dotting -pa per to rlry. alter 
which it mav be iiimuited in fresli balsam on a slide, just as if it 
had remained attached. The slide having been warmed on tlie 
water-bath lid. a sufficient (pinntity of balsam .should bo dropiK'd on 
the object, ami care should be taken that this, if previously loosciie-i. 
should be thoroughlv penetrated by it. If any air-bnbbles ariM-. 
tliey should lie liroken with the needle-point. The cover liaMiig 
been similai-ly warmed, a drop of lialsam should be iilaced on it. ant 
made to .spread over its surface; and tlie cover sliould tfien '» 
turned over and let <lown on the object in the umnner already di- 
scribed. If this nporation be ]ierforme<l <)\er tlie water-bath. 
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of over the spirit- liimp, there ■will be little I'isk of the formation of 
•li V I nibbles. However large the section inay be, eai'e should be Liken 
the balsiim is -well spread both over its Mirface and that of 
its cover ; and by attending to the precaution of making it aocumu- 
l;,te on one side by .sloping the slide, and letting down the cover 
;is to drive a wave before it to the opposite side, very large sections 
thus be mounted without a single air-bubble. (The Author ha.s 
Qiiis mounted sections of Kozoon three inches square.) in mounting 
miiiiite lialsam objects, .such as diaioma^ sjMmie-apieuies, 

jiiid the beautiful minute spines of ophiarida^ no better plan can be 
:)(lo[ited than to arrange these obji^cts carefully upon the cover, 
litlicr by ‘ scattering ’ or ‘ aiTangement,' and then to dro]j on to the 
Miiole cover and its arranged objects as inucli balsam a,s fiie cover 
will receive without overflow ; tlii.s should stand free from dust for 
stniic liour.s, aftci' which the partly hardened balsam may receive a 
small drop of fresli balsam, and being [ihu'ed upon the slip in proper 
position, may by the use of gentle heat be prcs.sed finally into position. 
When the chitinon.s textures of insects are to be thus mounted, they 
must be first .softened by steeping in oil of turpentine; and a large 
ilroj> of balsam being placeil on a warmed slide, the object Liken up 
in die forceps is to be plunged iji it, and the cover (bdsamed as before) 
let ilown upon it. It is with olpects of this class that the spninj- 
dip iiml the ]iroi e most useful in lioldingdown the cover 

until the iial.sam has liardened sufficiently t o p^e^■erlt its being lifted 
!)V the elasticity of the object. Various ohjocts (such as the jialates 
ii gasteropods) which liave been prepared by dis.section in water or 
weak spirit may be advantageously mounted in balsam ; for which 
pnipose they must be first dehydrated, and then transferred from 
mtifieil .spirit into turpentine or one of the other ‘cleai'iiig agents’ 
mentioned below. Sections of horns, hoofs, etc., which afford most 
litMiitifid objects for the polarisco[>e, are best mounted in natural 
lialsain, which has a rcuiai-kaTfie power of inerca.sing their trans- 
jirtveiice. It is better to set aside in a warm place the slides whicli 
iiave been thus mounted before attempting to clean off ibe supei‘- 
flnons balsam in order that the cover, s may be fixed by the gradual 
liiii'deiiiiig of what lies beneath them. 

Mounting Objects in Aqueous Liquids,— By far the greater 
inniiher of [ireparations whi<‘h are to he preseri ed in liipiid, however, 
diDuld he mounted in a cell of some kind, which forms a irell of 
MtiLihli* dejith, wherein the preservative liquid may be retained, 
riiis is ahsolnielij 'necemirii in the case of all objects who.se thickness 
i> .uu-li as to prevent the glass cover from coming into (dose approxi-- 
iii:itii>u with the .'^lide; and it is desimhle. whenever that approxima- 
hoii is not such as to cause the cover to be drawn to the glass slide 
I'V Ciqiillai'y attraction, or wdienever the cover is sensihhj kept apart 
ti'oiu the slide by the thickness of any portion of the object. Hence 
it is (uily in the case of objects of tlie most extreme tenuity that 
the cell can be ailvantageously dispenseil with ; the danger of n(>t 
t'liiployiiig it, in many eases in which there is 110 difficulty in 
|»<amting the object ivithout it, being that after a time the (cement 
apt to run in beneath the covei', wliicii |)roce.s.s is pretty sure to 
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t-oiitiiuie when it may have once coiiniienood. W]ieii cenienv 
ai-6 em])li)ye(l foi’ this purpose, oave must be taken that tlie Mii tii,,. 
ot the I'ing is perfec^tly flat, so tlutt 'when the cover-glass is lui.l ntj 
no tilting is produced by pressure on any part of its margin. As n 
general rule, it is desirable that the object to be mounted shouM In- 
steeped for a little time previously in the preservative fluid empl.-vid 
A suflicicnt quantity of this fluid being deposited to OAerlill' i]j(, 
coll, llie object is to be introduced into it eitbev with the foi-ctps or 
the dipping tube ; and the slide should then be examined on 
dissecting microscope that its entire freedom fiom foreign ])ariii l(.,.: 
and from aii'-buhbles may be assured, and that its disposition iiii,v 
i>e corrected if neeessiiry. The cover should then be laid ou veiv 
cautiously, so as not to displace the object; wliicii in tliis case is 
best done by keeping the drop highest in the centre, and kcc|iiui.- 
the cover parallel to tlie slide whilst it is being lowered, so to 
expel the superfluous fluid all roiuid. Tliis being taken uj) bv tin- 
.•syringe, the cement ring and the margin of the cover iu-o to hi- 
dried witli blotting-paper, especial care being taken to avoid draMiii^ 
off too much liquid, which will cause the gold- size to run in. It is 
g’euecally best to a})ply the first coat of gold-size thin, with a vi-rv 
small and flexible brush worked with the hand ; this will div siilli- 
cieutly in an hour or two to hold the covci' whilst being “ ringer 
on the turn-table. And it is safer to apply a third coat a dav or 
two afterwards ; old gold-size, which lies thickly, being tlu'ii applitd 
so as to raise the ring to the level of the surface of the co\er. 
experience shows that i>repavatioiis thus niounteil, winch liavr 
ixuiiaiued in peifcctly good order for several years, naty l)e afterwanh 
spoiled by leakage, the Author strongly recommends that to ja-rvetit 
the I0.SS of valuable specimens an additional coaling i;>f gold-sizr In- 
laid ou from time to time. Tbit a device of much greater value ia 
all fluid mounting is that adopted by Mr. Euock,^ who pui> a 
metallic ring of angular section round the outside of the ci-ll. 
sUglitlv overla].)ping the eo\pr-glass and enclosing the rim nunK- 
good with cement ; this proves perfect. 

Mounting of Objects in Deep Cells. -The objects which nquiir 
<leep cells aie, as a rule, such as are to l>e viewed by reflected light, 
and are u.snally of siittieient size and substance to alhnv of air heing 
entangled in tlieir tissues. Tliis is especially liable to occur wlieir 
they have undergone the process of decalcilicaiion, which will vciy 
probably leave behind it bnbhles of carbonic acid. For the extrac- 
tion of such bubbles the use of an air-pump is commonly rocwiimriulpil: 
but the Editor has seldom found this answer the purpose satisfactorily, 
and is much disposed IjO place confidence, in a method lately rccani- 
memled— .steeping the specimen in a stoppered jar filleil with fccsldy 
hoiled 'n'aier, which lias great [lower of drawing into itself cither aic 
or carbonic acid. Where the structure is one which is not iiijurnt 
liy alcohol, prolonged stce})ing in this will often have the same elh’ct, 
'l.'he next point of importanee is tn select a cover of a size exact 1\ 
suitable to that of the ring, of whose breadth it should cover idiour 

two-thirds, leaving an adetpiate margin uncovered for the attacliiaeiit 

‘ Qiiekett Journ. second series, vol. i, p. 40. 
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of the cement. And tlie perfect flatness of that rin*^ should thou he 
oavofully tested, since on this jnaiiily depends the security oftlie 
iiiduniiii^. It is to secure this that we prefer rings of tin or braie, 
TO those of gheis, for cells of moderate depth ; for their surface can 
be ciisily made perfectly flat by grinding with water, iirst on a [dece 
of grit, and then on a Water-of-Ayr stone, these stones having been 
preciously reduced to a plane surface, or still l)ettcr with a, good flat 
lilo. If ihngs are not found to be ‘ true,’ they must be ground 
down with fine emery on a plate of lead. Wimn \hc cndl lias l>een 
tlias finished off, it must be carefully cleaned out by dropping into it 
some of tlm inoniifciiig fluid ; and should be thencxaniiiied under tlie 
disserting microscope for minute air-bubbles, whicli often (*ling to 
tlic bottom or sides. These having been got rid of bv the needle, 
the r('ll should be finally filled witli tiie preservative liquid, ami tl»e 
immersed in it, care being taken that no air-buhljles are 
earned down beneatli it. Tlie ceil being completely filled so tliat the 
li<|iiid is running over its side, tlie co\er may then be lowered down 
apoii it as in the preceding case; or, if the cell Ire (piadiungular. 
The cover may be sloped so as to rest one margin on ‘its wall ami 
(i-esh litpiid may be thrown in by the syringe, while tlie other oili^e 
is lowered. AVlien the cover is in place, and the ll(juid expelh-d frcmi 
if has been taken up by the syringe, it should again be examined 
under a lens for air-bnbbles; and if any of tliese trouldesome 
intruders should present tliemsebes beneath tlie cover, the .slide 
slioidd be inclined, so as to cause them to rise towards the hiichest 
pai-t of its circumference, and the cover slipped aw ay from that [lart. so 
a.s toaihiiitof tlie introduction of a little additional fluid by the pipefte 
or syringe : and wlien this has takeii the place of the air-bubbles the 
cover may be slipped back into its place. The surface of the ring nm\ 
the edge of the cover must then be thoroughly dried with Idol ting- 
paper, care being taken that the fluid be not drawn aivav from 
hetweeu the cover and the edge of the cell 011 which it rests. ' These 
iniuntia' having boon attended to, the closure of the (>ell mav be at 
once effected by c^trryirig a thin layer of gold-size or dammar aronud 
and upon the edge of the glass cover, taking cave that it touelies 
eveiy point of it, and fills the angular channel whicli is left along its 
margin. The Author has found it advantageous, however, to (ielay 
closing the cell for some little time after the superfluous fluid has 
beeiulrawn off ; for as soon as evaporation from beneath the edge 
of tlie cover begins to diminish tlie quantity of fluid in the cell, air- 
bubbles often begin to make their appearance which were pre\ iously 
bidden in the recesses of the object ; and in tlie course of half an 
boar a con.siderablc iimnber are often collected. Tlie cover should 
tin'll he slipped aside, fresh fluid iutrotluced, the air-bubble.s removed, 
and tlie cover put on again ; and tiiis operation should be repeated 
’uitil it fails to draiv forth any more air-bubbles. It will of course 
i'e observcal that if the evaporation of fluid should proceed far air- 
i'uhhlcs will enter beneath the co\er ; but these will show tlieinselvcs 
tlie sinface of the fluid, wliereas tliose wdiicli arise from the 
<mject itself are found in the deeper parts of the cell . Wlien all the.se 
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have been Rvicees^fully disposed of, the cell maybe ‘sealed’ 

‘ riulxed ’ in the inannev already deseiibed. 

Preparation of Soft Tissues. — It is impossible in the limiTtd 
space at (lis[)Osal hei'e to do more than give a sketch of the \( i-v 
elaborate art of Instologie^il preparatioii. The reader who desires to 
])ursne the subject further will find all necessary infomiation in .\[v 
A. Bolles Lee’s ‘The Microtomist’s Vade-mecum’ {London : J. a- .\ 
Cliurchill), from which w^ork the information here given is for tlie 
most part abridged (the passages in qxiotation marks in the foil(:iv\ infr 
[>ages ai-e taken therefrom verbatim). 

Fixation. — ‘ The first thing to be done with any stvnctnre to 
Jfx its histological elements. Two things are implied by the uurd 
‘ fixing first, the rapid killing of the element, so that it mac not 
have time to cliangc the foim it had during life, but is fixed ia 
death in the attitude it noi'inally liad during life; and second. 
himUnhuj of it to s\ieb a degree as may enable it t(i resist witlioat 
further change of form the action of the reagents with which it \m\ 
subsequently he treated.’ For instance, if you wei'e to take a liviii'if 
rotifer and throw it into one of the usual staining fluids or jivescr- 
vative li(pn<ls, it would at once contract into a shapeless mass, tlu- 
dements of its tissues \vouldbe neitl'ier properly stained nor proj^u-lv 
[U'eserved, and the icsiilt would l.)e an unrecognisable caricature of 
the living organism, But if it be first properly killed and sliglitlv 
hai'dened in the, proper mnmiev, it may he permanently monuted in 
such a way as to show, uninjured aud undistorted, even tin* must 
■delicate details of its structure. 

Fixation is generally pcu-foiimal hy immersing the object to lie 
fixed ill an appropriate liquid, and leaving it tlierein iinlil the 
■desired degree of hardening has been obtained. After that the 
object is \sell washed to reino\'e all excess of the fixing liipiid. Tlie 
object may then be further prepared hv the wet method, in whicli 
all subsequent opeintions arc performed by means of aqueous media, 
ft may be mounted at once in an acpieons mounting medium, or it 
may be stahied (see below), or it may be put away till wajited, with- 
out mounting, in some preservative medium. 

Or ‘the object may he furtlier prepared by the deloplrniKio 
liidhod' (see below), ‘which consists in treatment with successive 
alcohols of gradually increasing strength, final dehudrnikm with 
absolute alcohol, cle.arliKj^ (see below) ‘ with an es.sential oil or othci’ 
clearing agent, and lastly either mounting in balsiun oi- imbediliug 
in paraffin for the purpose of making sections.’ 

Corrosive sahiimate is the fixing agent that is most to he reoaii- 
uien<led for general work. A go(xL formula consists of a s;\tur:ifcd 
solution in water containing 1 per cent, of acetic aci<h The present 
writer adds a little nitric acid, say I per cent., which helps tn 
make the sifiiitiou keep without preci})itating. Another good solu- 
tion is a saturated solution in alcohol of 50 per cent., or even 7D 
cent., also with addition of 1 per cent, of acetic acid. 

Whatever solution is taken, tlie objects should be reinoverl trem 
it soon after they have become thoroughly penetrated by it. I'^i’ 
.sublimate liardens very rapidly, and ma.kes tissues brittle if they are 
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lldwfd to remain too long in it. Tlie objeeis should Ije well Wiislied 
Vr nfter fixing, witli alcohol, beginning with alcohol of 50 per cent, 
(ir 70 pcv cent., and passing ginduall}^ to .stronger alcohols. In order 
I',, facilitate the removal of the sublimate fvon\ tl\e tissims, thti 
-iK'oliol should ha\'e added to it enough tincture of iodine to make it 
j,f ( (rood port'Wine colour, jnid the objects should remain in it till 
tju'v'themselves have acquired the same eolonr. They may then be 
widted with pure alcohol, and further treated as de.'^iretl. 

Solutions of .sublimate, or the objects in them, must never 1)0 
ti inched with steel implements, as these })roduee at once precipitates 
tlint may injure the preparations. To manipulate the objects, wood 
(ii- iilass"iinplenieni,.s may be employed ; for dissecting them, hedge- 
linsr spines, or quill pens, or cactus needle.s. 

’"'Tissues become of an opaque whiteness on fixation with sublim.ate, 
which in the case of small transparent objects is a good guide for 
wiirrolliug the duration of the fixing bath. The fixiiig action is 
oxtremely rapi<l. 

rio'ic acid is a reagent that gi\'e.s very fair results for geneinl 
Mork, and is especially to be recommended where great power of 
|ienetr.at,ion is required, aiy is the ca.se in work with chitinons 
(iiiraiiisms. A saturated solution in water with the addition of 
I per cent, of a(‘etic acid may he taken, or the picromitric acid of 
Miiver. This consists of water 100 paids, nitric acid of 25 per cent. 

5 pai'ts, and picric acid to saturation. 

^ Objects should remain in tliese liquids much longer than in sub- 
limate liquids ; for though the penetration is extremely rapid the 
liardening ])Owev is slight. They may remain for twenty-four Imurs 
without hurt, but in many cases three or four hours will sutiice. After 
fixation the objects .should be brought into alcohol of 70 per cent. 
{iie\er water), in which they should remain for a few hours, and 
Then be transferred to alcohol of 90 ]}er cent., in which they sliouid 
remain, the alcohol being fvetpiently c-hangod for fresh, until the 
vellou tint of the picric acid has disappeared or at least become 
''■rearly attennated. Objects prepared in this way are be.'^t stained 
111 alcoholic staining solutions. 

3Iixtures of picric acid solution with .sublimate in various pro 
[Kirtions have lately l)eeii much used, with good results. 

Oumtc acid i.s a useful reagent for fixing small objects. It pre- 
fer; es the forms of cells admirably, and at the same time imparts to 
tissues a grey stain that is frequently of the peatest value iii bring- 
ing OTit delicate striu'tures. Tliis substance is sold in the solid state, 
in sealed tubes containing from jVi gnu. to 1 grm. It is extremely 
volatile. Care should he taken to avoid exposure to the vapours given 
olf from it, as they are exceedingly irritating to mucoiis inem- 
hi'anes and may easily give vise to serious csitarrh, c/mjti net iritis, <&c. 

Its solution ill pure water keeps very badly, as the slightest con- 
taiiiiiiatioii with any organic dust will cause it to reduce and precipi- 
tate. It i.s recommended, therefore, that only a small quantity be 
l(e|it in stock in the shape of aqueous solution, whilst another 
fpiantity may be preserved in the sliape of a 2 per cent, solution in 
cfiroiiiic acid of 1 per cent., or, better, in platinic chloride ot tlie 



486 I’KKPAHATJON, MOUXTINO, AND COLLECTION OF OPJKC 


s;nne sii'pngtli. These solutions do not preeipitute so veadilv, aii,] 
iiuiy be \ised for fixation by the vapours. 

Foi' it is one of the advantages of osmic acid that it ntav 1,,, 
ein])loved for fixation in the form of vapour, and its employuietiT in 
tliis form is indicated in most of the cases in which it is possi!)lc i,, 
exjiose the tissues to be fixed directly to the action of the vajunir, 
For fixation in tins way ‘ the tissues are pinned out on a cork ’\\liic]i 
must fit well into a wide mouthed bottle in which is contain^] n 
little solid osmic acid (or a small quantity of 1 per cent, solution will 
do). Very small olijects, such as isolated cells, are simply placed on 
a sliile, which is inverted over the mouth of the bottle. Tlun- 
i'(‘main thei'e until they V)egin to turn brown (isolated cells will 
i*-(‘ncrally be found to be sufiiciently fixed in thirty seconds, whil^t 
in or<ler to fix the deeper layers of relatively thick objects, sucli as 
retina, an {‘xposure of ses'eral hours may be desirable). Tt i.s W('ll th 
wash tlie objects with watei' bofoi'C staining, but a very slight \va>ji- 
ing will suffice. For staining, methyhgrcen may be reconmieiuled 
for (dqects destined for studv in an aqueous medium, and, for ]!er- 
manent preparations, alum-carmino, picro-caiinine, or hiematoxyliu,' 

‘ The reasons for preferi'ing the process of fixation hv vajxiin' of 
Osmium, whore praciieahlc, arc that osmium is more highly peartia- 
ting when employed in this shape than when employed in solution, 
and pi'oduees a more equfd fixthinn, and that the ai'dnous washin^f 
out re((uired hy the solutions is here done away with. In ncuiv 
cases deli(<ate sfriicfiu'es are hettei' preserved, all possihilitv of 
deformation through osmosis })eing liere eliminated.’ (From iMv. Lee’-- 
‘ Idle ■Microtomist’s ALide-mecum.’) 

For fixation hy solutions, strengths ol' from to k per cent, may 
he taken, which may in general with, advantage be acidified witli 
about 1 per cent, of acetic iicid. Small Crustacea, such a.s flu* 
cope[;ods and the larvie of decapods, may be very well prepared in 
this way. After fixation, the osmic acid should be very thoroughlv 
washed out with water. 

If it be desired to intensify the grey stain of the osmium, this 
may be easily done by putting the objects into a weak solution of 
pyrogallic acid or tannin, wliicli will turn them of a fine black. 

Osmic acid stains most f'attv substances of an intense black, 

Osmi(‘ acid is now not so innch ii.sed in the form of a janv 
aqueous .solution as in that of the mixture known as liqmd oj Fkni- 
mbiff, Tliis consists of 25 parts of 1 per cent, solution of chroinic 
achl, 10 parts of 1 per cent, osmic acid, 10 parts of 1 per cent, acetic 
acid, and 55 of water. This mixture blacken.s tis.sues much less tliau 
the pure aqueous .solution.^ 

1 Bleaching. —Tissues that have been blacheiied or browned by osmic or chroniii' 
acid or the like may often with advantage be hhached by Mayer’s chlorine metlioA 
and will then be found to stain much more readily Put into a glass tube a few 
crystals of chlorate of potash, add two or three drops of hydroclilonc acid, and as 
soon as the green colour of the evolving chlorine has begun to sho\y itself, add a fi.'W 
cubic centimetres of alcohol of .^0 to 70 per cent, Now put the objects i which must 
have previously been soaked in alcohol of 70 to 90 per ccnfc.'l into the tube. They 
float at first, but eventually sink. They will be found bleached in from ft 
Quarter of an hour to one or two days, without the tissues having suffered. 
Only in obstinate ca.ses should the liquid be warmed or more acid taken. 
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Kdi- the very iHiiiierons other fixing reagents and mixtures now 
ill use. and the manner of their emidoyiiient, the reader must 
irfeired to Mr. Lees ‘ The !Microtoiiiist’s Yade-meeiiin.' 

After due fixation and washing, ohjeets may T)e stained and 
iiK.uuted in an aqueous medium in the manner directed above' 
(p. 481), it* it be desired to prepare them in the wet way. Ihit if 
,l 5 ,.v ai'e destined to be preserved in balsam, tliey must first, after 
if reijuired, be (Miijdmkd and dmred. 

Dehydration is performed as follows: — objects are brought 
into weak alcohol, and are, then passed through successive alcohols 
of firadually increased strength, remaining in eadi the time neces- 
sii'V for complete saturation, and the last hath consisting of alxsolute 
(H‘ id least very strong alcohol.’ For instance, alcohol first of 30 per 
cent, or nO per cent., then 70 per cent,, then 1)7) ])er cent., or, if the 
olijects he very delicate, 80 per cent;., before tlie 1)5 per cent., the 
la.vt to be changed at, least once. 

Clearing. — ‘Tlio water having been thus sufficiently removed, the 
;ilL-ohul is in its turn veniovecl from the tissues, and its place taken 
1)V some anhydrous .substance,' generally an essential oil, which is 
miscible with the material used for imbedding. Tlii.S'Oiieration is 
known as clearliKj. It is very important that the passage from the 
last alcohol to tlie clearing .agent be jnade gradual. This is effected 
liv placing tlie clearing medium under the alcohol. A .sufficient 
(|uaiitity of alcoliol is pliced in a, tube (a watch -gla.'^s will do. hut 
rubes are geneinlly Iiettei'), and then witli a i)i|>ette a sufficient 
(|iianlity of clcai'ing medium is iulroduced at the bottom of the 
(ilcohoL Or you may first put the cloiring medium into the tube, 
and then carefully pour the alcoliol on to the top of it. The two 
Jiuids mingle but slowly. The objects to be cleared, being now 
({uietly put into the supeinataiit alcohol, float at tlie surface of 
s('[Kii*ation of tlie two fluids, tlie exchange of fluids takes phu'e 
gradually, and the olijects .slowly sink down into the lower layer. 
W'hen they have sunk to the bottom (and the wavy refraction-lines 
at first visil)lc round them have disap[)eared) the alcoliol may bo 
(liawii oft* witli a pipette, and the objects will be found to he eom- 
plctely penetrated by the cleai'iiig medium. (It may be noted here 
that this method of making the ])assage from one fluid to another 
apitlies 1,0 all cases in which olijects liave to he transferred from a 
lighter to a denser fluid — for instance, from alcoliol or from water 
In glycerine.)’ From ‘ The Microtomist’s Yade-inecum.’ 

Another method of passing the objects from the alcoliol to the 
cleMviiig agent consi.sts in giving them batlis of inixiui’es of the 
alcoliol and the oleai'er, made gradually to contain a higlier propor- 
tion of the latter. 

All clearing agents are liquids of high refraction, having indices 
of refraction not greatly inferior to that of the elements of 1 issues 

on elides nuy be bleached in this way. Instead of hydrochloric: acid, nitric 
Acid may be taken; in which case the active agent is evolved oxygen instead of 
e iltn'ine. This method serves also for nntttral ^ogrienfs, such as those of 

the skin, or of the eyes of Arthropods. For bleaching chitiii of insects, not alcohol 
hut water should be added to the chlorate and acid.’ (From 'The Microtoinist's 
' ade-mecum.’) 
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in tlie fixed state. Hence, by penetrating amongst these lil-'.iv 
refractive elements, they render the tisvsues transj^m-eut and 
wliich is the vejison of their being called ^ clearing agents,’ 

The boNt cleai'ing agent for general use is oil of cedar vochJ^ mi 
of cloves is a very good one; it should be known that it., un.'k^... 
objects brittle, which is sometimes to be desired, someliuu-s iIim 
reverse. Oil of bergamot is useful; it will clear from alcohol of ji,, 
more than 90 per cent, strength. 

It should be noted that the proper stage for performing ■hii,>.ii,> 
dissections in is the one at which the objects have now arrivetL a 
<lro}) of dealing ageait being a most helpful medium for cair\liin’ 
out such dissections in. Oil of cedar is very good for this [lurpiso, 
Hut oil of (doves is sometimes to he preferred, not only on account of 
its pro}jerty of making tissues brittle, which is often very heljifu]. 
l)iit also on account of the propei'ty it has of foi-ming very convex 
droj)S on the slide. 

Staining. — flood histological stains can in general only ij^ 
obtaiind with imoporlv fixed tissues. But it is possible to olitain witli 
unfixed and even witli living tissues a stain which though im perfect 
and not ‘ fast ’ may be of considerable utility in research, either ns a 
means of controlling the results obtained by the examination of lixed 
and prepared specimens, or as a means of revealing delicate traits of 
structure that may be msisked or destroyed by the action of fixing 
and preserving reagents, and only visible in the living or pei-feetlv 
fresii object. 

ft goes without s-aying tliat staining is peiformed by iiimin)->iii^ 
the tissues in the colouring solution employed. After the tissue has 
I.)ecome duly stained, all suj)evfluous colour is I'emoved from it bv 
‘ washing out ’ with an appropriate liquid. 

Stains for Living Objects {Infra Vi tarn Stains). — The most 
widely used of these stains is viethglen-hlue (to be obtained from 
Griibler and Hollborn,^ and not to be confounded with methyl-hhax 
which i.s a totally diffeivnt dye). Small aquatic orgaumms (such a.-v 
rotifers, infusoria, small annelids, tad[ioles) are stained by addinij; 
a small quantity of the dye (best prexionsly dissolved in distilled 
water) to the water in whicli they are kept, and leaving them till 
the stain has taken effect. Enougli of the dye should be added to 
make the watei’ of a good blue, the pro})oi'tion re(|uired varying 
roughly between 1 part of the dye to 10,000 of the water, uml 
1 part to 100,000. Most aquatic organisms will live in tlic 
coloured water for many hours, some for days or weeks, Tlu'V 
should be examined as soon as the required intensity of stain lias 
been attained. For if they are allowed to remain longer the 
elements that liave taken up tJie dye will begin to yield it up again 
to the xvater, and the olqect.s may become quite pale again e\cM 
though they have not been removed from the coloured water. The 
.stain is an imperfect one, being mostly confined to certain granuh'S 
of the proto})lasm of cells, and taking effect capriciously now on <>iie 
tissue and now on another. It is difficult to preseir'c the stain in a 

* 6?} Baj'erisclie Strasse, Ijeip 7 ,ig; or tlivoiigh Mr. C. Baker, 2-13 High Uolb('ni. 



STAINS FOR UNFIXED TISSUES 489 

s;tti^filcto^y maniiei', as it will iiotbear mountiuj,^ in the usual media 
wirliont (letei'ioiation. 

Weak solutions ot Bismarck hrowu,, fpn'iiolcut-blae^ anlUn-hhick ^ 

( niujo rCilj neutnd red {Xeidralroih) may be used in tlie same 
ay. 

*Methyleii-bliie, used as an intra ritam. stain, is an inipoiTant 
iva^-eut for the study of nerve-endings. For the iletails of this verv 
(liiiirult brandi of teelmique, as well as for the methods for pre.ser\-- 
iiig the stain obtained with entire living organisms, the reader iinrst 
Ik' referred to JMr. A. Bolles Lee's ‘The Miorotoniist’s Abide-mecinn,’ 
ia \rliich an entire chapter is devoted to the subject. 

Stains for Fresh (Unfixed) Tissues or Organisms.— The stains to 
lie mentioned under tliis heading re.semb]e the intra vltam stains 
ilfserihed in the last paragraph in that they may be applied to li\-ing 
tissues or org-anisms. But they differ from them in that they do- 
not take effect on the objecits without im})airing their vitality; on the 
contrary they fir.st kill them, then stain them. 

The most important of this class of stains is hieth/l-cfreen. A 
sTi'oiig solution in water acidified with from f,- to 1 per cent, 
of acetic acid is employed. The objects are soaked in the solution 
until tliey are penetrated by it, then washed with pure watej-, or, 
lielter, acidified water, and cither studied therein or mounted. Tliev 
iiiuv he permanently preser\ed in any of the usual aqueous mount- 
ing media, provided that the medium he acid or at most strictly 
iieiural. and that it contain a little of the dye in solution, Liquid 
of Hi part and Petit, or Brim’s glucose medium may be recommended 
for iiKjunting. It is difficult to mount the shiined objects in balsam, 
on acconnt of the great solubility of the dye iu aleoliol. 

Tlie stain is an extremely rapid one ; tissues are sUiined almost 
as soon as they are penetrated by it. It is, generally speaking, a 
nuclear ^tain, nuclei being stained more ra})idly than eytoj)lasm,. 
tiiniig]i some kinds of cytoplasm and formed material are staijied by 
it. It preserves the forms of cells well. It docs not o\erstain, 
and require.s little washing out. This, if required, is best done with 
water acidified with acetic acid. 

Bismarck bromu is also a usefid stain for fiesh tissue.'^. It may 
housed in solution in acidified water, as directed for methyl -green. 
But as the dye is not very soluble in water it is not ea.sy to get a 
good solution ill tins way, and the solutions when iinule keep very 
liadly. Some persons dissolve the dye in dilute glycerin (glycerin 
diluted with one or two \'olumes of water). This makes a g(KKl soln- 
fion, hut oil account of the shrinking action of the glycerin should 
only he employctl with objects that have been previously well fixed. 
lhsiii;ii-fk brown stains (juickly, and does not over.sfiun, The stain 
is])eniiaiient both in aqueous mounting media and in balsam . It is 
a nuclear stain in so far as mudei ai‘e stained b^■ it more tlian nroto- 
!>lasu,. 

Uie once celebrated mixture known as JiaHvieBs picro-carmine 
is in-ational in composition, and inconstant and frequently injurious 
in it"; effects, and is now generally abandoned 
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Stains for Fixed and Preserved Entire Objects or Material to 
be Stained in Bulk ~ These hill natuvally into the two eljisst- 
(Kiapom stdinn and alcoholic stains. The aqueous -stains .u'f 
^eutTally tlie uiore precise, and are generally preferable for swu,]] 
and porineabU* obJeclSj but the alcoholic stains are absolnt<-K’ 
necessary where great penetration is required, a.s for instance in tlib 
case of organs or organisms enclosed in thick chitinous investnienis. 
as is so generally the case amongst the Artln-opoda. 

The most, precise and the safest of the stains of this class !ir(‘ rlie 
/(Ifini-cacunnes — a general term including the divers fornnila* tIkii 
lia\a; been recoin mended nmler the names of (dfi'>n-€(iriiti)ii\ 
C((comlt(m^ al am- cochineal. One of these will suffice. 

Partsek's alnm-cochineaL — ^ Powdered cochineal is boiled for some 
time in a 5 per cent, solution of alum, the decoction filtered, ainl ;i 
little salicylic acid added to pi“esei've it from mould.’ 

An extremely precise nuclear stain, and one with which it, is hardly 
possible to ovei'stain. It is pei'inanent in balsam and, it isT)elic\-rd. 
in aqueous me<lia if not acid. Objects may be left in it for several 
hours. They should not I>e very large, as file stiiin has no great 
power of peneti'atiou. Objects containing calcareous elements tliat 
it is desired to preserve must not be ti'eated with this stain, nm- 
with auv other stain containing alum. 

Mayers cannalum is made with carminic acid 1 gnu., almn 
10 grin., and distilleil water 200 e.c. It has the advantage of hoiiig 
much more pcneti'ating than the other stains of this class. 

All the alum-carmine solutions are rather weak stains. If a 
more pow'erful stain be desired, take the following : ~ 

^fa|/€ds hcemalnm. -This, is made with hamiatoin, the es.'^ential 
nioluuring principle of Inematoxylin (nl)tuiiiahle from Orlibler ami 
Hollhorn). One gnu. of iKeinatein is eitliei' dissolved with heat 
in oO c.e, of 90 per cent, alcohol, or rubbed up in a mortar with a 
little glycerin, and added to a solution of 50 grm. of alum in a litre 
of water. This liquid may be used for staining either concentiatol 
or diliitod. Concentrated it stains almost instantaneously. Fur 
oi'iliiiary purpo.ses it may lie diluted with from ten to 
volumes of <listilled watei“, and will then .stain through small oljecis 
in an lioui' or so. Large objeet.s will require an hour or more. 'I’Iih 
solution i.s admii'able for staining in hulk. Objects should be wrW 
waslied out (for as long a time as they have taken to stain) eithei' 
with distilled water or tap watei*. One ])er cent, alum solutionis 
also a good medium to wash out in. Overstaius may be coiTCcte<l 
by washing-out witli GO to 0‘5 per cent, of hydrochloric aciil. In 
this case the acid should bo neutralised afterwards by treatment with 
O'l per cent, solution of bicarbonate of soda (oi* other weak alkali). 

Passing now to llm alcoholic solutions, Crenached s alcoholic horor- 
mrmlnc may be recommended ns .afibrding a convenient, safe, anil 
brilliant stain. r)iR.solve 2 or 3 per cent, of carmine in a 4 per cenT. 
solution of borax in water; boil the .solution for half an hoai-; 
<lilute it ivith an equal volume of 70 per cent, alcohol, allow i1 to 
.stand for twenty-four hours, and filter. 

Objects are put into this solution and allowed to remain in if 
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until they arc thoroughly poiietratod (fur days if nocessary). Tlioy 
.,jv then put into alcohol of 7i) jier cent, acidified with from four to 
.vix dio})s of hydrocdiloric {iei<l for e\ erv 100 c.c, of the alcohol. The 
jK-id alcohol at once begins to remove the excess of colour from the 
,,lii,.otS; which may be seen to give it off in I'osy clouds. Tliey 
i,^.iit;nu in it until the colour no lunger conies away freely and tiuw 
]i:tve (‘xchanged their priiinti\-e o])a(jiie red coloration for a brilliaiit 
Tvaiisjiareufc coloration. Thi.s may require days (the acid alcohol 
sliould be changed freijiiently). 

The staining is now coinplete, and the objects are wa.slied in pun* 
nfiitval alcohol, clcaiod and inonnt('d in lialsam or any other desired 
iiiedimn. The result is a brilliant nuch>ar stain, i(uite permanent. 
The proccs.s must not be used for objects containing calcareous 
elements that it is desired to preserve. 

For delicate objects, ami for very impermeable oliject.s. it may be 
well to increase the proportion of 70 ])er cent, alcoliol in tlie 
solution: the proportion of alcohol may l^e lu'oiight up to aliont 
.10 per cent., but should not exceed HO jier cent, in any case. 

' Thi.s procc.ss is an example of wliat is known as rfi(p‘essirfi, or 
indirect staining ; tlie objects are first in the carmine 

suliitioii, and tlic excess of stain is then removed to the required 
4le'!:ree in the acid alcoliol. 

If, as is frefpieutly the case, especially in studies on tlie 
Arthropoda, a still more higlily alcoliolised stain he desired, Matipr s 
nhjhoUc mchhiml may he tried, (lochiiieal in (‘oavse powdm- is 
macerated for several days in 70 per cent, idcohol. For each 
^muiinie of the cochineal there is requiied 8 to 10 c.(‘. of alcohol. 
8tir frequently. Filter, and the solution is ready for .staining. 

The objects to lie stained must pieviously be well inibil)e<l with 
70 per <‘ent. alcoliol. Tliey may reinaiu for almost anv length of 
rime in the staining liatli. After staining they are \sa,shed in 
70 per cent, alcoliol. which is frequently changed until it takes up no 
more colour from the objects. 0\'er.staining seldom happens : it 
may he corrected by means of 70 per cent, alcohol containing 1 per 
cent, of acetic acid or -^\f per (“eiit. of hydr'ochloric acid. 

Hiimll ohjects or thin .sections fu-e stained in a few minutes ; large 
ohjocts require licuns or days ; a nuclear stain, either red or Idno, 
according to the chemical composition of the tissues stained. It 
docs not .succeed with all objects. Tlie liest stains are obtained itli 
eh]ect.s tiiat have been prepared with chromic or jiicric acid 
foiahi nations, or with alisohito alcoliol. O.smic acid preparations 
stain very weakly unless they liave been prex'ionsly hlm/hf^d. .All 
acids should be carefully washed out of the objects before staining, 
rile .stain i.s permanent in oil of cloves ami balsam. 

kklnptiharg s Alcoholic UnnoatoxyliiK once very much use<l, is 
Id^lily irrational and very inconstant in its conqiosition and its 
eflects, and is nou- witli reason generally abandoned. 

Nuclear Stains for Sections. — Any of the foregoing stains may 
ofcour.se be used for sections if desired. But in many cases other 
are indicated, as being more powerful, or more preiise, or of 
•I liclier selectivity. 
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The solution ki\om\ Kernschmrz may be coiifidentlv ivr 
mended us a powerful, pvecisej and very safe stain, It is a l .; ,..); 
hijuid imported from Russia by (iriibler and Hollborn, and rouyvts 
of uu iron base united to some gallie acid. Heetions may Ije st;,.; 
ill it, either concentiuted or diluted to the required iutcuviiv 
Overstaining seldom occurs. If it should occur it may be corit-vn'ii 
by means of any weak acid (solution of {ifiaor ferri sujfariei 
dilated twentyfold — see the ironduematoxylin of Benda, below- j, 
very titting decolorant). 

T'he result is a nuclear shiin, sometimes, though by no lufitus 
always, also taking etfect on protoplasm, of a brownish gi-s^v or 
black, powerful and precise, and well adapted for photography, his 
permanent in balsam, presumably also in aqueous mounting mcdiii 
Being a progressive stain, it is piossible that it might give u-oml 
cesnltis for staining in bulk. 

Tlie present writer obtains a very similar stain l)y ‘ moi'daniinr' 
foi' a few hours in Benda’s lifjtior ferri^ and then briiigiiiir 
.sections directly for some hour.s into a 2 per cent, solution of 
pyrogallol in water. Similai' lesults are also obtained by mordauiiui; 
in 2 per cent, solution of tincture of perchloride of iron in 7() pio- 
cent, nlcobol, and then treating with *2 per cent, solution of pwo- 
gallol in Sjiirit ; a process whicli is apjilicable to staining in bulk, 

Jimda's iron iuKmatoxtjUn is a still moi'e powerful and pi.‘ecis(‘ 
stain. ■Sections of material that lias lieen fixed in any wav iiiav lie 
employed. They arc ' mordanted ’ by soaking for half an laiur or 
for some hours (as much as t^^ entv-four, if a very strong stain lie 
retpiii'ed) in lUpior ferri siilfnrici oxndati^ P.f.h, diluted with one or 
two volumes of water, ^ They are then well M'ashed, tiisi, wiiii 
distilled water, then with tap water, and are brought into a 1 jirr 
cent, solution of haanatoxylin in water, in which they remain till 
they liaAB become thoroughly black. The>' are now overstaiiietl. 
ami must be ' differentiated,’ To this end they are waslied and juit 
either into .some of the sulpliate sohithm strongly diluted ^vitli walrr 
(say twenty or thirty fold), or into 20 per cent, acetic acid, the 
progress of the decoloration being followed in either case under tlu* 
mici'oscope. They are then mounted in the usual way. 

This gives an extremely powcrfid blue -black stain, purely unclear 
if the difl'erentiatiou has been pushed fur enough, or micleai' and at 
the same time plasmatic if the differentiation is stopped before the 
jirotoplasm ha.s become decoloured. The stain is absuluteh' 
permanent in balsam. 

The results obtaijied by this process are practically identical with 
tho.se obtained by the iron ha'matoxyUn process of IJmlmhanK willi 
this advantage, that Benda’s iron solution is easily matle- and keej)s 
indefinitely, whereas Heidenhain’s prcK'ess iin olves th<i enqtloymciit 

‘ This preparation connists of sulphate of iron 8rt parts, water 40, sulpluirit iWxJ 
15, and nitric acid Is. The ingiedients should be mixed, and giva at first a IjIiH'ii 
licluid which gradually acquires a red colour. The operation shonhf he pt'rfi'ivme'i 
out of doors, or in a chemical laboratory, as <lm-iiig the process of solutionyoluitimcni^ 
nitrons vapours are given off, which would be hurtful to lenses and delicate iiisiru- 
iiieuts. 



REGRESSIVE STAINING 493 

Lovric nhim, wiiidi can only be obtained from large chemical 
^vrfks. and does not keep well cither in substance o5' in solution. 

Owing to the precision and depth of the stain, prejiarations 
bv this process will bear study with higlier microscopic 
M! I w Cl'S than tliase made by any other means; that is to say, it is 
(.(■rTaiulv found in practice that they will bear notably liigher 
,.vc-piecing. 

It will be observed that, a.s with borax-cai'inine, this is a 
• vciil'essive’ stain. The progress of decoloration, being slow, may 
]u' controlled under the microscope, anti a little practice ith this 
|,i'ocess may serve as an iiitrtalucliou to the art of regressive 
stain inii: nitli safranin and other tar-colours, with wliicli the 
progress of decoloration is so i-apid that it cannot he eontiolletl 
under the microscope. 

SdfWoiiu is perliaps the most beautiful stain of this class. The 
jii>t l equisite to success in staining with this colour is to obtain a 
i^cod sample of the dye. This is absolutely essential. Tliere are at 
least a score of brands of safranin on the market, many of which 
cannot be made to nffonl a good stain by any means wliatever, Tlie 
In'iiiid * (Safranin 0 ’ supplied by (Iriibler and Hoilhornisan excellent 
one, 

Tlie dye is employed in the form of a saturated or at least vei-y 
cmu'cntrated solution in water or alcoliol. Perhaps the best plan in 
(reiieiid is to iii'ake a saturated solution in water, and another 
"saturated solution in strong alcohol, and then mix tlie two in equal 
parts, Sections are soaked in tiie .solution until thoroughly over- 
stiiined — the longer the bettei', t lood stains can often be obtained 
;ifter half an hour in the staining bath, but for man}' objects it is 
iiecessarv, in order to ensure good results, to stain for twenty- four 
liours. or e^•en for nmny days. 

.'Vfter the staining comes tlu‘ " ditterentiation ’ of the stain. The 
sectif'iis are just rinsed with water and brought into strong alcohol, 
cither in a watch-glass, if they he loose sections, or in a flat-bottomed 
hilic if they be affixed to a slide. ‘ Tlie sections in the watch-gla.ss 
lU'c seen to give ii]) their colour to tlie alcohol in clouds. wlii(di are 
at lir.st very rapidly formed, aftern'iirds more slowly. The secti{uis 
on the slide are seen, if the slide be gently lifted above the surface 
of the alcohol, to Tie giving off their colour in the shape of rivers 
nuiiiing down the glass. In a short time the formation of tlie clouds 
or of the rivers is seen to he oii tlip point of emsiny •, th.e .sections 
have become a n<l somewhat iranspni'cnL and (in the case of s<nne 
objects) have ckanyfd colour, owing to the coiniiig into view of the 
itenernl ground-colour of the tissues, fL'om which the stain has now 
been removed. At this point the dittbreutiation is complete, ami 
the extraction of the colour insist he stopped hisUmtlyi 

This may be done if desired by simply putting the sections into 
'Viitcr: hut the more usual practice is to iiroceed at once to mount 
tliern in halsam. To tliis end they may be cleared h}- being put into 
dove oil (or by pouring tlie oil over them on the slide). This will 
extract .slon ly a little more colour, and may thus serve to couip>le1e 
tile differentiation ill a frequently very desirable nianner. Or you 
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iiuiv f-leur or renio\ e the alcohol with an agent that does not reinov,. 
any more colour, such as cedar oil, or bergamot oil, or xylol, to]-,,] 
or benzol. This being done, nothing more remains but to add .-t (bw, 
of xyl()l-ba]sani or dammar, and a cover (chloroform is best a\-i»id,.,| 
either as a, clearer or as a menstruum for the Jiiouiiting medium^ 

The result is a pure nuclear sbiin, of exceeding brillianev. aui] 
peiTecIly permanent in balsam. 

The ))roce.sK is not available for staining in bulk, but bcsidts 
sections such luatevial as is thin enough to behave like a sectiosi-- 
poriions of thin membranes, for instance — -may be stained in tliis 
The process of differentiation takes about a couple of minutes w itli 
iiio.st thill sections, but in some eases considerably more is requiri-d. 

Besido.s safvaniu, many others of the coahtar dyes may be uscil 
in the same way : for instance, basic fachsin {tnmjeMa)^ also a i-el 
stain, or ifcatlau rioUt or thionin^ both these being blue. Thioniii is 
peculiarly resistent to alcohol, which is an important quality in .some 
Cases. 

Plasma Stains, or Plasmatic Stains.— All the stains we Imve 

hitherto consideretl (with the exception of the iRtra vitam Ainuf.) 
ha^>* hecn unclear stains— that is, such as stain nuclei (‘itlirv 
e.vciusix ely, or at least more energetically than ]>i'Oto])la,sm or fornmd 
material. 1 u very nianv (“uses they perforin all that the histologist 
reipiires in the way of rendering structure visible. But still tliei-c 
are other cases in whicli it is desirable to obtain a se])ai-ate slain of 
extra-nuclear parts. Pur this ]mrp('se tlie so-called plasma staiu> 
are euqdoyed. 

Picric acid is a useful one, especially when employed after a 
carmine or hicmatoxyl in nuclear stain. The inodus operandi is ns 
simple as ])Os.sil)lp : it consists merely in adding picric acid to the 
alcohol employed for debyilrating tlie objects, and leaving them 
therein until the desired intensity of stain is olitained. ' It has tlie 
great quality, shared by very few plasma stains, that it can he usnl 
for staining entl/'e objects. And as it is extremely penetrating, it is 
very much indicated for the preparation of such ohjects as sniiill 
arthropods or nematodes, mounted whole.’ 

Lfjons him {]>ha cU Lijoa) is a good plasma stain that will work 
well after earmiue (l)orax-carmine for instance). It may bo used 
for .sbiining in hulk, in a \ei'y dilute aleobnlic solution: or foi' 
staining sections, in a strong aqueous solution. The ohjects must 
not remain too long in alcohol i\fter staining. 

The dye known as Wasscrhlaa, {^tcater-hlue) gives with sections 
a similar but pevltaps more delicate stain. It is a good stain i'* 
use in conjunction with .safranin, using the Wasserblau first. Tlir 
process is, fir.st, bi stain rather strongly in a concentrated a(]ucun^ 
.solution of the blue, and then for from half an liour to four or five 
hours in the sjifrauin, as described above. 

Either of these stains will pi'ohably be found sjifer than hidlp- 
cannhic, which was once much employed for similar purposc.s.^ 

A still more precise and delicate plasma stain h Saurej 
(also known under the synonyms, or names of brantls, of 
fachsin, J^darerabin, Fachsin A, Puhin A, and others). It 
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iiii|Kytaut not to confound it with basic fuchsi]], as a]>peai‘8 to 
li;,\v been done by some writers. For stainin^^ sections a ^ per 
criir. solution in water may be employed, and allowed to act on 
sci-lions for from one to fi\e minutes. A red stain, veiy resistant to 

iliol an<l acids, and ijermanent in balsam. It is an excellent stain 
tbi'iise after a blue nnch'ar stain, such as laematoxylin, thionin^ 
creiitiiin violet, or the like. 

** Tbe celebrated mixture known as the 

stain invohes such complicated and delicate maniptdetions as to be 
t,,r:dh' tinsuibtble for ordinary bi.stolDgical ^voi'k. 

Imbedding Methods.— * The bcatttiful pr<x‘esses known as 
iiLii>e(lding methods are emplo}'ed for a threefold end. Fir.stly, they 
enable us to surround an object, too small or too delicate to be 
linidv beld by the fingers or by any instrument, with some jdastic 
sulistauce that Avill support it on all sides with firmness Imt w itliont 
injurious pressure, so tliat by cutting sections throii^di the 
conipo-sitc body thus formed, the included object may be cut into 
sulKcienth' thin slices without distortion. Seconrlly. they tmable us 
to MU out with the imbedding mass the natural cavities of the object, 
so that theii' lining membranes or otlier structures contained in 
llieiii luav he duly cut in s/ta. And, thirdly, they enable \is not 
(inlv to surround with the supporting ma.ss eacli individual oi'gan or 
pint of anv organ that may be present in the interior of the object, 
])nt: idso to impregnate with it each se[)Hi'ate cell o]- otlier anatomical 
cknneiit, thus giving to the tissues i\ consistency they could not other- 
wise ]>ossess, and ensuring that in the thin slices cut from tlie mass 
all the details of structure will precisely retain their natural i-elations 
<if jiositiou.’ 

'These ends are usually attained in one of two ways, Eitluu'the 
(iliject to he imbedded is saturated by soaking with some material 
rliat is li(pii(l while ^^■arm and solid when cold, w liicli is the [)rinciple 
nf the paraftin process ; or the object is saturated witli some 
Mibstance which whilst in solution is sufficiently fluid to penetrate 
the object to be imliedded. wliilst at the same time, after the 
evaporation or removal by other means of its solvent, itacepures and 
imparts to the imbedded object snflicient firmness for the pui-[)Ose 
of cutting,’ which is the ]ji-inci[ile of the eelloidin process. (From 
Mr. Lee’s ‘ Mierotomist s Yade-mecnm.’) 

Aliy sul).stance used for imbedding is technically termed an 
• imhefldiiig mass.’ 

Tlie ohler workers were not aware of the im[)ortam‘e of 
tlioroughly mlumtitKj the olijects to be cut witli tlio imliedding 
mass, a point wliich is very important in ordei' to the production 
of thin ami undistorted sections. They were content w itli simply 
the objects to be cut with the mass. This primitive 
procedure is now rightly aliandoned, excejit in cases in which, on 
ammiilmif the large size or other peculiarities of the object, it is 
iiopo.'^sible to procure due saturation. 

Aiuoiig the numerous methods of imbedding that have been 
■I'bocated, only two are in general use at the ])resent day. These 
iuv the prem/f/? vidhod, and the mllodion or cdioid'tH mHhod. And 
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of these, it is the ywu'iiffin method that is by far the most 
employed. It is fim most convenient for ordinary work, fla* 
•eolhrliou method only pi'esenting points of superiority in >\kTv,s\ 
cases, snob as the s('ctioning of extremely large objects, oi- 
brittle tissues, and other special circum.stances. 

The Paraffin Method. — The first step in the paraffin mrih,,,] 
consists in saturating the objects with a solvent of paraffin. 'Ihe 
second consists in saturating them with molten paraffin, uliic), 
grjuhially takes the place of the. solvent. The third onnsists in 
causing the paraffin to solidify, and arranging the solidified i,i 
a suitable form for caitting sections. The fourth consists in cutnii<r 
the sections and freeing them from the solid paraffiii with w'iiich 
they are satmnted, and if desii'ed affixing them in serial ordc-v lo ^ 
slide for the purpose of immnting. 

1, v.'ith a nolMut . — Tlie solvents employed are elllu-r 

chloroform, or one of the volatile hydrocarbons, such as hf-n/.n]. 
toluol, or naphtha, or an essential oil, such us oil of cedar or oil nS' 
cloves, Xone of these are miscible with watei', but all of them jiic 
miscible with alcohol. Tliercfore the objects to be imbedthsl an* in 
the first place thoroughly dchydratCMl with alcohol, according to tlu* 
principles set forth above, yi. 487. The alcohol is then reniovnd 
from the objects, and the solvent is made to take its ydace gradual! v 
by one of tlie substitution methods described above, }). 487, mnkr 
‘Cleaving.' Cedar oil is one of the most convenient solvents; and 
as it is at the same time one of the best of clearing agents, it foll(n*i s 
that any object tliat has been cleared in it is at once ivailv (dr 
saturation with y)araffin. Other essential oils, such as clove oil. may 
also be employed. But the two best sitturation agents are certainly 
oil of cedar and chloroform. It will be noticed that the best nay tn 
saturate ol)jects with chloroform is to place the chloroform 
the alcohol, and allow the suh.stitution of liquids to take ) dace just 
ns ill clearing with a non-volatile clearing agent, as dii-eoted 
abo\e, under ‘ Clearing,’ 

2. Satiiridion with paniffiii . — If cedar oil, or other non-volatilr 
medium, has been emyiloyed, proceed as follows; — Alell soiiu* 
yiaraffin in a suitable vessel -a watch-glass will do for small olijed^ 
—and keep it as nearly as jiossihle at melting-point on a watcr-hatli 
or in a stove, taking cave to keep it yirotected from vajionr of water. 
Remove the object from the oil, and put it into the yiavatliu. and 
1ea\'e it there till thoroughly saturated. The lon^h of tiiiu* 
required for this must be found by e.xperience. A piece ni 
soft tissue of ^ inch thickness is generally well saturated in ini' 
hour, If the objects be at nil large, the paraffin slioii]<l dc 
changed for fresh once or twice, so that none of the oil may rcniiiin 
to contaminate it and render it soft after cooling. 

Some persons yii'efev to bring the objects yrCKluallf/ from tin? ail 
into the ymraffinhy yiassiiig them througli graduated mixtures of eii 
and paraffin ; but with cedar oil, at all events, that is not necessary. 

If chlorofoi'in, or other volatile medinm, has been ein|duyed. 
the prc'icedure may he modified in the following manner, width js 
very advantageous for delicate objects - 
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•The chloroform the objects in it ;ive gradually wanned up 
tlio melting-point of the paraffin omploye<l, and during the 
Wiinning small pieces of paraffin are by degrees added to the 
eh! ('reform. So soon as it is seen that no more bubbles are given 
oir from the objects, tlie addition of paraffin may cease, for that is a 
<igii that the paraffin has entirely (li.s|jlaced the chloroform in the 
nl'ijt'cts. This displacement having been a ijmdual one, the risk of 
slirinkage of the ti.ssue.s is reduced to a minimum.' After this, 
]ua\in-er, the wliole mu.st be kept warm on the water-hath, at the 
rciiiperature of the uieltiug-point of the pure paraffin employed, 
until (di the chloroform has been dri^■en off from it, as, if even a 
Trace of chlorofoi-m leinain in the paraffin, it will render it softaftei- 
cooling. As this is a very long process (it may take days for large 
ohjects), it is freTpieiitly better to simply ti'ansfer f.be objects from 
the paraffin solution to a bath of pure paraffin, 

for cattiny. — After the objects ha\e been duly 
saturated, they are arranged in a suitable position for cutting, and 
tlie paraffin is mu-sec^ to solidify as qaickhj as possible . It mast wd 
hi> (dlored to mol sloa'lip as slow cooling allows tlie .paraffin to 
(-l■vstallisc, and gives a mass less homogeneous and of a oonsistene^' 
loss favourable for cutting than after rapid cooling. 

Very small objects may he taken out of the paraffin with a 
licedle or small .spatula, and put to cool on a block of glass, then 
imbedded in position for cutting on a cone of paraffin already 
saklerod to the object -carrier of the microtome, or to a cork oi- 
cylinder of wood fitted into it. This is done as follows - 


“ A piece of stout wire, or a mounted needle, is heated in the 
iLiiiie of a spirit-lamp, and with it a hole is melted in the end of the 
rone of paraffin ; the s})eeimen is pn.slied into the melted parafiin, 
ftiid placed in any desired position. In (lie use of the needle or wire 
it should be noted that it is important to hielt as little paraffin as 
jimihle at one, timefo order that that wliich is melted mav cool 
Mgain as rapidly as possible. The advantages of the method lie in 
tlie quickness and certaintv with which it can be performed.’ 

If the paraffin bath has been given in a watch-glass, iloat the 
''ateh-glasa with the paraffin and objects on to cold water. Do not 
let it sink till all the paraffin ba.s solidified. AVhen cool, warm the 
bottom slightly and cut out blocks containijig tlie obj'ects ; do this 
ivitli a slightly warmed scalpel. Then fix the blocks to the object- 
rarrmr by means of a heated needle, a.s above described. 

For jiiariy objects, other method.s of ari-aiigement are jireferahle. 

I liese eoii.sist cliietly in cau.sing the pavaffi]! to solidify in a moald of 
iniy desired .sha[)e. Paper trays are often used as moulds. 

To make paper trays, [iroceed as follows. Take a |,deee of stout 
I'Hperor thin cardbaavd, of theshape of the annexed figure (fig, 407) ; 
din (fo]-eigii.) post-cards do very well indeed. Fold it along tlie 


lilies a (( and b I/, then along r d .and d d'. taking CTU-e to fold 
■ibvfiys tlie same w.av. Then make the folds J A’, B ]i\ (' C’,]) //. 
‘^till folding the same n ay. To do tliis you apply .1 c again.st, A 
'iinl jiiiieh out the line J 4', and so on for tlie remaining angles. 
1 Ills done, you have an imperfect tray with ilogs ears at the angles. 


K ]i 
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To tinisli it, turn the. dogs ears round against the ends of the hn^. 
turn down outside tLe projecting daps that reiuain, an<l pincli 
down. A weil-inade post-card tray will last through several im. 

])eddings, and will geiH-jallv 
work better after Ian in'./ 
been used than when iww. 
(Prom Mr, Lee’s ‘ ^lifrotri- 
^ mist’s Vade-mecum.’) 

B To imbed in sucli a 
or similar receptacle, soin*. 
melted paraffin (or other 
‘mass’) is poured into it; 
at the moment when the 
mass has cooled so far as ir, 
liave a consistency tied wil) 
not allow the object to sink 
to the l)ottom, the ohjert i> 
placed on its surface, anil 
^ move melted muss poured on 
^ until the object is ro\creil 
by it. Oi‘, the paper 
being placed on cork, tlie 
j)' object may be fixed in jjnsi 
tion in it whilst empty hv 
means of pins, iind the tviiy 
filled with melted mass sa 
one pour. (The pins ran W- 
removed from the nias^- 
when cold.) 

In cither case, when tin- 
mass is cold the paper is removed from it before cutting. 

As soon a.s the t.i-ay is tilled, and the object in position, cool it on 
water, liolding it above the surface with only the bottom iimner^ed 
until all the paraffin has .solidified, as if you let it go to the bottnn; 
at once you will proloablv get cavities filled with water formed in 
your paraffin. Or you may put it to cool on a block of cold metal nr 
.stone. 



Fig. 407. 


Hill if 

being triangidarlv rjr 

larged outw'ards, it is closed sufficiently to retain the mass. Place 
in this way, with the .short anus nearer to or farther fi'oiu 
other as a less or greater imbedding mass is required, they arc >rt 
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<111 ;i wliich liivs been wetted witli glycerin nr 

Witniied. The melted parnffiii is now jionred into tliis lu 




1 and gently 
5 mould and 

tlh- object is imbedded in it as ileseribed for the paper ti'ay, 

Still another jdan is to take a common tlat medicine-bottle, a« in 

409, fitted with a cork through ^Yhicll two tnhes jmss, or, if the 
liidiith is small, one tube may be fastened into a liole drilled into tlu* 
jiottle. One of these tubes, A, is connected with hot ami cold water : 
tiiP (itlier, 13, is a. discharge- pipe for the water entcj’ing the hottle 
liv A, and i-aising or lowering its temperature as warm orcold water 
is allowed to Jio^^ in. On tJie smooth, Hat side of the bottle four 
jiicoes of glass rods or strips are cemented fast, so as to iiuiose 
;i ivctangular space, 0, which foians a receptacle 
tor tlie melted parafiiii. 

As long as the warm water circulates througli 
flic hottle the parailin lemains fluid, and olijccts 
ill it may be arranged under the microscope by 
iiglit from above or below, and can lie oriented 
with reference to the sides of the parndin recep- 
Tiicle or with reference to lines drawn upon the 
siirliice of the bottle. AVhen the cold water is 
alloweil to enter in place of the warm, the paraffin 
i-aiigeals ra])idly, and imxy be easily removed as 
(lue {>iece. The discharge -pipe should open near 
tlie upper surface of the bottle, to draw off any 
:iir wliicli may accumulate tliere. 

In using any foi'in of iiLicrotoiue wliere tlie 
(iliject is held in jaws, the imbedding mass must 
villier be ca.st a suitable shape, and placed directly 
in flic jaws, or be cemented to pieces of soft 
wood which may be placed in the jaws. 

Tile mould olitaiiied by either of these pro- 
(.•esse.s is then fixed to the carrier of the micro- 
tome, and finally pared into a convenient shape, 
and oriented for cutting. 

1, Vatthiy— Paraffin .sections are (ihrays cut 
'bv/~t]iat is. the knife is not wette<l with either 
alcoliol or any otlier liquid. 

*If the knife lie .set square — that is, with its 
a xi.s at right angles to the line of motion (of llie 
knife for .sliding microtomes, and of tlie oliject- 
niiTier for rocking microtomes)— and if the jiaraffin Idock be 
<‘i!t into a rectangle, and also set square that is, witli one edge 
jiandiel to the edge of the knife- sections m.ny be cut in " ribbons.” 
liic sections not being i'emoved from the knife one liv one as they 
w cut, but allowed to lie iindisturlied ou the blade, ailheve to one 
‘tiiother by tlic edges so as to form a chain or ribbon, wliicii may be 
taken up and transferred to a slide without lireaking up, tliiis greatly 
Hglilening the labour of mounting a series.’ 

Idffienit object.s are in general lietter cut in isolated sections 
'dtli ail oblique knife. In tin's case it is best to cut. the paraffin into 


3 ^’ 


lif. 


Fi(i. 40ii. — AiTiinge- 
rneiit for tlie oi’iea- 
tatiou of olijeets iu 
paraffin. 
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edge enters it at one angle and leaves it at another angle (in fig. -Mu, 
the knife eutei-s at a and leaves at c). Tlie prism should be so ,;'\t 
as to leave the iinbcdde<l object near to tb.e side winch is fui-ilu-st 
liom the angle a which is first touched by the knife.^ Then if ih,. 
section should roll, at all events the section of the object will coinf 
io lie ill the most open spire of the eoih and can thus be more eii.dly 

unrolled. -> 1 - • 

TherolUug of sections above reieiTed to is an annoy iug 
phenomenon of very frequent occurrence.^ Tts most usual cauM- i,s 
over -hardness of the paraffin, but it is favoured by excessivt^ 
obliquity of the knife, and other circumstances. With large sect i.nis 
it is not difficAilt to catch tliem by the cilge 
as tbev begin to roll, and hold them down 
with a camers-hair hrush. ()v a .sectiun- 
streicher may be used.* 

If the paraffin be too soft, the sections 
will not roll, but will become crmmL 
Either of these defects may be diini- 
nishod, sometimes even totally cuvech by 
simple means. Firstly, due atlention must 
be paid to the position of the knife; not 
onlv to its obliquity, but also to its tilt, as 
explained above. 

Secondly, if the paraffin should be too 
hard, it may be softened by setting np;i 
lamp near it. or even by closing the win- 
dow, if this should happen to be open, ni- 
!)>' carrying the microtome to a wauT.iev 
l>'lace, or hy any device that will have the 
effect of exposing the paraffin block to an 
increase of temperature. An incvedihly 
sliglil; increase will sometime.s sntlice. 
Tbirdlv, if it should he too .soft, an opiiositc- 
treatineut must be tried. The microtome is removed to a coolfr 
place, or the window is opened, or the like. 

If none of these maiifeuvres suffic'O to obtain snlhcieiitly gooii 
sections, the object must be re-hnbedde<l in a harder or sott^-i 
paraffin. But it will generally be possible to save the sectiouy In 
flattening them out by the water method, to be presently described. 

77ee pffraffin ewploi/pd for inxheddvng ho of 

determined hy the temperntvre of the v'oricrooxn : hard paraf n foi'^' 
UHirm. v’ooon soft parafin for a cohl rooxn. For the Thoma microtome, 
a paraffin melting at 4r>'^'C. (or 113® F.) gives good results solong:^s 



Fro, ilO. 


' ‘ Seclloii-stvetc-lierf. ftrp iii>;tniiTifc'uts consisting essentially of alittle 
sUspeiKlecI ovei'tho object to be cut in such a way as to rest on its free ^ul *111 “ 
^pressure tluitcanbc dellcutely regulated so as to be syiticient 0 Wp 
flat without in any way hlntlcriug the knife L'oiu glidnig beneath it. Tu->aie 
various forms, the mostcoiivenient being that ot'Mayer, Andres and Gics n e ■ •' 
a description and figure, maybe found inthedraovirtf of 
18ft3, p. «]fi. Now that the watevfiatteiimgprocess (see below. Hoi ieiui - 
perfected, section-stretclierK are not so necessary as they were formcTl) , ana 
work may be dispensed with, 
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tW temperature of the laboratory lies between 15° an<l 17° C. (59° 
j^iul 6*2° F.) ; though many workers prefer, oven with this instrument, 
d inuch harder mass. For microtomes tvUh jUed k7iii-'es, such ns 
the Cambridge rocker, harder parailins may be used than with sliding 
iiiic]-oi-onies, paraffins of from 55° to 60° C. (131° to 140° F.) being 
ii>ed by many workers. For cutting ribbons with these hard 
ii]a.<ses it is frequently necessary to coat tlie face of the block 
nearest to the knife with a softer paraffin, in oisler that the sections 
may cohere. 

' Masses of intermediate consistency may be made by mixing a 
hard and a soft paraffin. Two parts of paraffin of 50° (J. (122° F.) 
with one of 36° C. (97° F.) melting-point, give a ma.ss melting at 
48°C. (119°F.). 

Mixture.s of paraffin with vaseline and with various fatty and 
other substances liave been recommended. They are now generally 
abandoned. 

5. Flatteumy the sectlonn^ and mounting. — If the sections have 
come off either rolled or creiiscd, tliey must be flattened before the 
piraffin is remove<l. 

If tliey are large sections, float them on to warm water in a 
suitable dish. They will flatten out perfectly in a few seconds, and 
they may then be lifted out on a slide or cover-glass slid under 
them. The water mast not he wamn enough to melt the paraffin, which 
must only be wanned, not melted, till the sections have lieen 
securely fixed to the .slide or cover. A temperature of about 40° 0. 
(104' F.) is about right. 

Or take a clean slide, free from grease, spread on it with a 
hi'usli enough water to float the sections, lay the sections on it, and 
warm, either on the water -bath, or on a hot plate, or over a small 
ftaiiie, taking care not to melt the paraffin . 

If the sections are numerous and small, take a perfectly clean 
slide, so clean tliat watei* will readily spread on it. Breiithe on it, 
and smear on it with a l:)rush a streak of water as wide as the 
sections and of the lengtii of the first intended renv. Bay the first 
row of sections on this streak. Breathe on the slide again, and 
draw on it another .streak of water under the first one. Lay a 
si'cond row of sections on this ; and so on until the slide is full. 
Then warm as before. 

The chief difficulty connected with this process lies in the diffi- 
culty of getting the water to spread evenly on the slide. The slide 
should be well freed from grease, by means of xylol or some good 
solvent of fats, and then cleaiied with alcohol. TTie test for suffi- 
cient freedom from grease is, that on breathing on the slide the 
moisture of the breath should condense on it evenly, and evaporate 
evenly. The slide should also be well nibbed with a clean cloth 
wetted, or rather moistened, with water, l;efbre the water is defi- 
nitely spread on it with the brush. Some sorts of slides (*annot be 
got to spread the water evenly by any means. 

TTie following is said by I)e Groot (‘ Zeitschrift f. wiss. Mikro- 
>'kopie,' XV. 1, p. 62) to be infallible. \Vra];) the eorner of a clean 
cloth round two fingers and rub it with a piece of chalk. Moisten 
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it with u of \vater and vub the slide with the chalked 
then finish with pure water and a clean part of the cloth, 

(i. I’ho flattiCuiug having boon accompli shed by either of thesi* pi-, , 
cesses, the sections must now fixed to the di<h or coi'er before i!i.- 
jjavatfin i,s i‘e moved. 

Tlie most elegant method of accomplishing this is by what jv 
known as the imter method. It consists simply in drying tlie st-c- 
tions on tiie slide (or cover), After they have been got on the sH.l,. 
and flattened out by water and wanning as above descrified. tin- 
supertinons water is drained oft', and the slide put away to dry. A-. 
soon as the water has entirely e\aporated off, tlie sections will he 
found to be so firmly affixed to the glass that they will bear rhi^ 
melting of the [uirafiiu, treatment witli solvents, witli alcoliol oi- 
stains. Arc., without moving. A convenient plan is to dry tlie slidi-s 
on the top of the stove or watei'-bnth a,t a tempfa'atui'e somcwhaT 
under the melting-point of the paraffin. This will take from half mi 
hour to three or four hours. When dry the sections will have 
assumed a certain hoi'iiy tnmsparcnt look. The, paraffin mast not he 
alloired to uieM befiore the sediouft are perfeethj dr>/. If they are left 
to dry at the beinperatui'e of the I’oom, they should be left oveniiifht. 

As soon as the sections are (piite dry, the paraffin may be melted 
by holding the .slide for a fe\v seconds over a small flame, after which 
it i.s jdunged at once into a tube of xylol oi' benzol or chloroform oi 
the like, wliich in a few seconds or minutes dissolves out all the 
paraffin from the sections. 

The water method is very safe for sections that present a sufficient 
uninfeiTiipted surface capable of aflbi'ding adhe.sion at all [loiiits to 
the slide. But sections of hollow organs, offering only a rclafivclv 
small surface for attachment, adhere very badly. Hectioiis of sn<h 
things as tubular cliitiiious organs, for instance, will generally not 
allow of mounting at all in this way. 

In such ca.se.s, Mai/eds (dhnmeft fiixuiive should Tie employed. 
Take 50 c.c. of white of egg, 50 c.c. of glycetin, and 1 grni. of 
salicyla.te of soda, shake them up well together, lUid filter iiitua clenn 
bottle. The filtering may take days. A little, very little of this i> 
noNv ])ainted on to the part of the slide destined to I'pceive tlic sov- 
tions, and the layer smoothed by drawing the edge of a slide over it 
(some per.sons rub off the excess witli the hall of a finger). Place a 
ilrop of water on the prepared surface, lay tlie sections on it and 
flatten by warming, drain and etaporate as in the water process. 
\v'iti\ this difference, however, that the evaporation need not be 
(tarried to the point of perfect drying. The slides will be surtieienth 
evaporated at a. temperature of 40® 0, in ten minutes or a (]uartei’ol 
an hour. And if the evaporation be conducted by waving the slide 
to and fro over a flame, from three to five minutes may suffice, Th(‘ 
paraffin is tlieu melted and I'emoved by xylol or other solvent. 
hefoi'e. Tliis process has the advantage over the water process of 
greater safety and greater rapidity, but has the disadvantage that 
the layer of albumen stains obstinately in some idasina stains, thus 
producing an inelegant mount, 

If the sectiou.s be neitliev rolled nor creased, it is not nccessuy 
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tn iliitteii tliPiii on water. They may be laid down on Mayer's 
;,tl,inncnj without water, gently pressed down witlt a brush, and the 
jui rdtin nielted and dissolved at onee, the whole proce.ss taking only a 
I'^.w seconds, But for delicate histologicjd work it is well to einploy 
I lir water method in any oise, as the flatteiiiiig on water .serves to 
somewhat expaml tlie sections, which, unless cut from extremely 
juivd paradin, arc generally somewhat compres,sed by the impact of 
tlu- biilfe. 

As soon as the [larattin lias been removed, all that is necessjirv. 
ill the pure water process, is to add a drop of balsam and /i cover, if 
the material bas been already stained. If not. the solvent of the 
parartin is removed by alcohol, and tlie sections are stained in any 
maimer that may be desired. 

Put if Mayer\s albumen lias bi'CU employed the sections must la? 
Thoruughlv washed with alcohol befoi’e the defiiiiti’i'e clearing and 
mounting. 'I'hi.s is neces.sary in older to remove the glycerin, which 
would otherwise cau,se turbidity in the mount. 

lubes for Handling Serial Sections. — The most convenient 
vessels for performing the various operations of wa.sliing, (leliydrating, 
i-learing, staining, ic., with sections hxed to the sliile. are tiat 
hotloiiied corked tubes. They should have an internal diameter 
sliirlitly over 1 inch, so as to be able to take two .slides placed back 
to back ; and tliey should he nearly 4 inches high, so as not only 
ro take the slides in an upright position, but to allow room for the 
(.•ork, A stand is easily made for them by taking a piece of inch 
(leal board, and boring in it with a centvebit l\ole,s .about k inch 
(lee[i. large enough to take the bottoms of the tubes, and about 1 inch 
ii])art. A board with three rows of se\ eii holes each does not taki^ 
[\[i too much room on tlie work-tahle. 

The Collodion or Celloidin Imbedding Method.— Celloidin is a 

]iatent collodion, sent out in semi-dry tablets. It may he obtained 
through ( Jriibler and Hollhorn. 'Po ]u-epareit for use for imbedding 
it may either he di.ssolved at once in a mixture of equal parts of 
i^tiier and idisohite idcohol, oi', which is held by some workers to he 
[iiefei-ahle, it may be cut up into thin shavings, which ai-c allowed to 
'Iry in the air until they have assumed a horny consistency, and are 
rlieu (lis.solved in the ether and alcohol. It is held that tu' tliirs 
drying the celloidin all water is removed from it, and a more fiwoiir- 
able iiiiliedding ina:S.s obtained. Either celloidin or common (“ollodion 
may be used for imbedding, celloidin having merely the advantage 
stilted. 

A thill celloidin solution is made by di,ssolving from 4 to 
b [>er cent, of the dried sliaviiigs in the alcohol iuid ether mixture; 
■i thick one by dissolving from 10 to 12 per cent, of tliem. 
riiicker solutions tlmri this are not necessary, If common collodion 
be taken, a thin solution should be prepiired by diluting it with 
ether. 

^ The objects tu be imbedded must hrst be thoroughly dehydriited 
with absolute alcohol. They are then soaked, till thoroughly pene- 
ti'atccl. ill ether, or, whicli is better, in a mixture of ether and 
absolute alcohol. They are then brought into the collodion. 
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They should be souked first in a tkhi solution, until thorou'^jilv 
imj^regiiated with it, for days, even for small objects ; week" „)■ 
months for large ones, When well saturated with this they sliu’il,] 
be brought into a thick solution, and soixked in it for a long time. tlj,. 
longer the better. 

When it is deemed that they are saturated, they may be imbed'u-d 
In many cases this may be efficiently done by simply giunmim/ 
object by means of a drop of tliick collodion to a cork, or, bettri’ ■, 
piece of soft wood, a<lapted to be afterwards fitt^ed to the microtome 
liut for the purpose of accurate orienffition it is preferable to iinlicd 
in a mould. This is done in the manner desciihed for pavattiu. \ 
convenient mould for celloidinis made by biking a cork, and wimlimr 
a. strip of paper several times round one end of it, so as to foi va a 
projecting collar, which is fixed with a pin. Before using or 
any paper tray, it slumld be dressed by having the inside painted 
with collodion, which is allowed to dry befoi*c the imbedding mas.s is 
poured into it. The object of this is to prevent bubbles of aii 
coming in tbrougb the bottom or sides of the mould. Watch-glasses, 
deep water-colour moulds, and the like, also make convenient 
imbedding receptacles. Care should be taken to have them perfectly 
dry. 

If bubbles should appear after the mass has been poured in,thov 
should be got rid of before proceeding furtbei- by exposing the wholV 
to the vapour of ether for an hour or two in a closed vessel. 

The next step consists in the Imnlenhuj of the mass. One ttf tlu- 
best ways of doing this is as follow' s ; — 

‘ Put the ])repai-ation into a desiccator or other snltiible dosed 
vessel, on the bottom of whicli a teaspoonful of chloroform has been 
poured. As soon as the mass lias attained sufficient superficial hnid- 
ness, it is, of course, well to turn it out of its recipient and liini ii 
over from time to time, in order that it may be equally exposed on all 
sides to the action of the vapour. Small objects may l>e sufficienily 
hardened in from one hour to o\'ernight. AVdien faii'ly hard (it is nut 
neces.sary to wait till the mass has attained all the hardness of wliieli it 
is susceptible), throw it into a mixture of one part of chloroform witli 
one or two part.s of cedar oil. From time to time more cedar oil should 
be added, so as tobiing the mixtine ttp gradually to ncaidy pure mhr 
oil. As soon as the object is cleared throughout, the mass may hr 
exjxised to the air, and the rest of the chloi'afomn will evaporate 
gradually. The block may now be mounted on the holder of l!u‘ 
microtome with a drop of thick collodion (which may be allowed to 
dry, or may be hardened by putting back into chloroform vapour), 
and may either be cut at once, oi' may be preserved indefinitely 
without cliange in a stoppered bottle. Cut v'ith a dri/ the cut 
surface W'ill not dry injuvio\islv under several hours. The rnttin;' 
quality of the mass is often improved l)y allowing it to evajairate ir 
the air for some hours. 

* The hardening may he done at once in the chloroform and ccdai - 
wood mixture, instead of the chloroform va})Our, but the latti-r 
process is preferable as giving a better hardening. And ideariug 
be done in pure cedar oil instead of the mixture, but then it will 1*^ 
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V, TV slow, whereas in the mixture it is extremely rnpid/ (From 
tlr! Lee’s ‘ Microkmiist’s Vade-mecum.’) 

Instead of cedar oil, white oil of thyme may be employed ; and 
some workers use glycerin. 

The above process is recommended as giA'ing good results with 
.sinall objects. For large ones the alcohol process is moi e generally 
cm^iloyed. 

In this the mass is first subjected to a prdhmnarij hardening, 
'fhe mass, with the imbedded object, is .set under a glass shade or 
piit into a loo.sely closed vessel, .so as to allow of just enough com- 
jiiimication with the air to set up a slow evajioration. It i.s some- 
tiiiies a gooil plan to set it under a bell-jar with a dish containing 
alcohol, so that the evaporation is gone through in an atmosphere of 
alcohol. As soon as the mass (of which only enough to just cover 
The object .should have been taken) has so far sunk down that the 
object begins to lie dry, fresh thick solution is added, and the whole 
is left as before. The proce.s.s is repeated every few hours for, if 
need be, two or three days. 

When the inavSS has attained a con.si.stency such tliat the ball of 
a finger ((not the nail) no longer leaves an imprc.ss on it, it should 
be seooped out of the dish or jiioukl, or have the paper removed if 
it has been imbedded in paper, and l>e submitted to the next stage 
of the hardening process. 

Tlii.s, the (Ujinitive hxmleniny, con.sists in putting the preparation 
into alcohol, and leaving it till it has attained the right consistency 
(one day to several weeks). The strength of alcohol used by 
different workers varies between 70 per cent, and B.a })er cent., the 
letter strength being probably tlie l)e.st. The vessel containing the 
alcohol ought not to he tightly closed^ hut shon.ld he left nt least slightly 
open. 

' To fix the hardened preparation to the microtome, proceed as 
follows. Take a piece of soft wood, or, for very .small objects, pith, 
of a .size and sha[)e adapted to fit the holder of the microtome. 
Cover it "with a layer of collodion, which you allow' to drv. Take the 
block of collodion, or the impregnated and hardened but not 
imbedded object ; cut a .slice off the bottom, so as to get a clean 
surface ; wet this .surface first with absolute alcohol, then witli ether 
(or allow it to dry), place one drop of very thick collodion on the 
liiepai'ed w'ood or pith, and press dowm tightly on to it the wetted 
or dried surface of the block of collodion. Then throw' the whole 
into weak (70 per cent.) alcohol for a few hours ((U' oven les.s), or 
mto clilorofonn, or vapour of chlorofoi'in, for a few minutes, in 
(mler that the joint may harden.’ (From Mr, Lee’.s • ^Microtomist’s 
^ :ide-iiiecum.’) 

Heetions of material prepared in this W'ay are cut witli a knife 
a])niidantly wetted with alcohol (of 50 to 85 or oven 95 per 
I'cnt.). Some kind of drip arrangement may be found very useful 
here. The knife is set in as oblique a po.sition as possible. These 
t'vo ])oiiit.s <are illustrated in fig. 598. 

^ -yiothcr method of definitive hardening and cutting is the 
freeing method, ^ After preliminary liardening by alcohol the mass 
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is soaked fui* a few lio\U's in water in order to get rid of the gi-ri.t.-v 
part of tlie alcoliol (1 he aleohnl sliouid not he removed entiveU . ci' 
the mass may freeze too irird). It is then dipped for a’ 
moments into gum nuieilage in order to make it adhere to t)ip 
freezing ]dato, and is frozen. The sections are brought into 
water. If the mass ha^•e frozen too hard, cut with a knife warnn'il 
with warm water.’ 

J^iahil)i(j and 'niountlnAj. — The sections ai‘e brought into aicti]ii>\ 
of not more than 9.“) per cent, as fast a,s they are cut, and nun- unw 
either be stained or mounted at once. It is not in general 
necessary nor even desiralde to remove tlie mass from the sectious 
before .staining oi- mounting. It is no hindrance to staining, aiul mi 
Ijeing luonnted in glycerin (u- balsam it becomes peifectly invisible. 

To mount in glycerin, nothing more is necessary than to mid ^ 
dro|.) of glvcei'in aiul a cover. 

To mount in l.ialsam, dehydrate in alcohol of not more, thoo 05 
■per cent., and clear with an oil that does imt di.ssolve collodion, sucli 
as oil of origanum, liergamot oi), cedar oil, or with chloroform ov 
xylol. 

The foreg(nng relates to single sections. If it be de.sired to 
mount a serie.s of small sections under one cover, arraiige them on 
the slide and expose it for a few minutes to the vapours of n 
mixture of ether and alcohol in a closed tube. Tlien treat with 1)5 
[icr cent, alcohol, clear ami mount. 

If tlie sections are to be stained on the slide, care sliould he 
taken wlien arranging them to lei I he celloidin of each section over- 
lap that of its neighl)our at tlie edges, so that the ether vapminimv 
fuse them all into a contiiuious slietd. Then on passing the shdr 
into aiiv aqueous liquid the sheet will be detached, and may then 
be treated as a single seedion. 

If the sections should come off the knife creased, they may hr 
flattened liy floating them 011 to oil of bergamot, after which they 
may be got on to tlie slide and gently pressed on to it witli :i 
cigarette [)aper or a piece of glossed tissue paper, after wliich tliey 
may be ex})osed tiO the vapour of el her and alcohol as before. 

Series mav also be aftixed to tlie slide liy means of Miiyevs 
albumen, as described above for paraffin sections. 

For the complicated manipulations involved in the methods nt 
Weigert, Obregia, and otliers, winch are only noco.ssarv in very 
special cases, the reader must be referred to 3Ir. A. Holies Lee's 
‘The Microtomist’s Vade-mecum.’ 

Grinding and Polishing Sections of Hard Substances.— Hub- 
stances wide) i are too liard to be sliced in a iiiicrotome- -such a- 
Ixmes, teeth, shells, corals, fossils of all kinds, and even some flemse 
vegetable tissues — can only lie reduced to the requisite thinness for 
microscopical examination Viv grinding <\o\vn thick sections miffi 
they become so thin as to be transparent, (leneral directions !*>■ 
making sucli preparations will be here given but those sjieciifl 

' The following directions do not apply to sifieeoitfi substances, as sections of 
these can only be prepared by those who possess a regular lapidary’s apparatus, an 
have been specially instructed in the use of it. 
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,l,.tnils of nmnagement which pai'ticulav suhstaiice^^ may re<|nipc will 
when these are la^spectively des(‘ril)e(h Tlic first thing to 
In. iloiie will usually he to procure a seciioti of the siihstance. as tliin 
,[< it ran be safely cut. Most substances not siliceous niav be divided 
],v file fine saws used by artistiis for cutting Imass; and the.se may 
Ijj. liest worked either by a mechanical arrangement sucli as that 
devised by Ih’. Matthews.* or, if by hand, hetwe(m 'guides; such a.s 
;,ve attached for this purpose to Haile.s's and some other microtoines. 
But there are some Ixalies (such as the enamel of teeth, and porcel- 
l;nimis shells) which, though merely calcareous, arc so liard as to 
luitkc it very difhciilt and tedious to divide tliem in this mode ; and 
it is much the (juicker operation to .dit them witli a disc of soft iron 
(rc.scnihling tlmt used hy the la[>idarv) charged at, its edge with 
(liiiiiiojid dust, which disc may Iw driven in an ordinary lathe. Where 
waste of material is of no account, a very expeditious method of 
obtaining pieces fit to grind down is to detach tliem from the mass 
with a strong pair of ‘^cutting pineer.s,’ or, if they he of .small 
ilimcnsions, with ‘cutting pliers and a flat surface must then he 
;fiven to it, eitliei' hv holding tliem to the side of ;in ordiuarv grind- 
stone. or by rubbing on a plate of lead (cast or planed to a pm-fe(‘t 
level) charged witli emery, or hy a strong-toothed tile, the former 
being the most suitable for the hardest substances, the latter for the 
iotajhesL There are certain substances, es}iecially (‘alcari'ous fo.ssils 
(if woixl, bone, and teetln in 'wliich tlie greatest care is retpiired in 
the performance of the.se i>i'eliminary operations, on aecount nflheir 
cxtreiiie friability— the vibrat ion produced bv the working of the 
saw or the file, or hy grinding on a rough surface, being sufficient to 
(lisiiitegrat.c even a thick mass so that it falls to pieces under the 
liiind ; snob .spwiinens. therefore, it is I'eqiiisite to treat with great 
caution, dividing them by tlie siiinotli action of the w heel, and then 
rubbing tliem down u^ion nothing rougher tliaii a very fine ‘gn-it,' or 
<111 the 'corundum files’ now sold in the tool shops, wliich are made 
by imhedcliiig eornndnni of various degrees of fineness In a hanl, 
re.siiimis substance. Where (as often happems) such spe(>imens are 
siifliciently ])orous to admit of the penetration of Canada balsam, it 
will be desirable, after soaking them in turpentine foi' a while, to 
lav some Ikpiid bal.satn upon the ]'iarts through which the section is 
to pas.s, and then to place the specimen before the fire or in an oven 
tor some little time, so a.s first to cause the bal^^am to run in, and 
dioii to harden it; b\' tliis means the specimen will be I'endered 
iiuifii more fit for the processes it has aftei'wanls to undergo. It 
nut unfrequeiitly happens that the small size, awkward shape, oi‘ 
extreme hardness of the body occasions a difliciilfy in holding it 
cither for cutting or grinding ; in such a case it is much better to 
iiftacli it to tlie glass in the first instance by any si<le that ha ['pens 
to be flattest, and tben to mb it down, by means of tbe ‘ bold ‘ of tbe 
jrlass u]ion it. until the projecting portion has been brought to a 
I'liiae, and lias been prepared for permanent attachment to the glass. 
iiii.s is the method which it is generally most convenient to [iiirsue 
'Util regard to .small bodies; and there are many which can scarcely 
' Journ. Qftelvtt Micwac. Club, vol. vi, ISSU, p. Ho. 
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be ireaterl in jiny other way than by attaching a number of 
to the glass at once in sncli a manner as to make them mmiijdjy 
support one another.' 

The mode in which tlie operation is then to be proceeded with 
depends upon whether the section is to be ultimately set uj) in ( Aijnd;) 
balsam, or is to be mounted ‘ dry,’ or in fluid. In tlie former yasc 
tlie following is the plan to be pursued : — The flattened surface U to 
be polished hy rubbing it with water on a ‘ Water-of-Ayr ’ oi- 
(tn a hone or ^ Turkey ’ stone, or on an ‘ Arkansas ’ stone ; thefnstof 
the tliree is tlie best for all ordinary purposes, but the two hitter 
being much harder, may be employed for substances wliicli resist it ^ 
WTien this has been sufliciently accomplished, the section is i<i l,,. 
nttaclied with hard Canada Imlsam to a slip of thick, well-aimciiled 
glass; and as the success of the jinal result will often depend up 
the completeness of its adhesion to this, the nieausof most cflectuiillv 
securing that adliesion will now be described in detail, Tlie slidr 
having been placed on the cover of the water-bath, and the yireviouslv 
hardened balsam having been softened by the immersion of the j:ir 
containing it in the bath itself, a sufficient quantity of this should In- 
laid on the slide to form, when spread out by liquefaction, n tliick 
drop, somewhat larger than the surface of the object to he attaclied, 
The slide should then be allowed to cool in oixler that the hardues-i 
of the bals^im should be tested. If too soft, as indicated by its 
ready yielding to the thnmbnail, it should be heated a little more, 
care being taken not to make it boil so as to form bubbles; if too 
Imrd, which will be shown by its chipping, it should be remelted 
and diluted with more fluid balsam, and then set aside to cool i\> 
before. When it is found to be of the riglrt consistence, the section 
should he laid upon its surface with the polished side dow invards ; 
the slip of glass is next to be gradually W'arined unt il the bulsam 
softened, sytecial eare being taken to avoid the formfdion of bubbles; 
iuui the section is then to be gently pressed (knvn upon the liquefied 
balsam, the pressure being at first applied I'ather on (ine side thm 
over its w-hole ai'oa, so as to drive the superfluous balsam in a sort 
of wave towards the other side, and an equable pressui'C being finally 

^ Thuft, in mAkiag horizoTital and vertical eections of Foraininifera, as it would 
be impof;Kib]e to slice them through, they must be laid close together in a bed oi 
hardened Canada balsam on a slip of glass, in such positions that wlien ndibecl down 
tho plane of section shall traverse them in the desired directions; and one flatsurfuec 
having been thus obtained for each, this must be turned downwards, and the. other 
side ground away. The following ingenious T>lan was suggested by Dr. Wallich uhiio 
of Xat. Hisf, July IBdl, p. 58) for turning a number of minute objects logctliev, imd 
thus avoiding the tediousness and difficulty of turning eaeh one separately :■ The 
specimens are cemented with Canada balsam, in the first instance, to a thin film m 
mica, which is tlien attached to a glass slide by the same means ; when they havy 
been ground down as far as may be desired, the slide is gradually heated just siilt- 
dently to allow of the detacliment of the mica film and the Kpeciineiis it carries; aiw 
a clean slide with a thin layer of hardened balsam having been prepared, tlie niiw 
film is transferred to it with tlie ground surface downwards. When its adhesion b 
complete, the grinding may be proceeded with ; and as the mica film will yield totin' 
stone without the least difficulty, the specimens, now reversed in position, may nc 
reduced to requisite thinness. ^ 

^ As Ihejiaiucss of the polished surface is a matter of the first importance, tiiA: 
of the atones themselves should be tested from time to time; and wheiierer the} aie 
found to have been nibbed down on any one part more ihan on another, they slioin. 
be fiattened on a paving- stone with fine sand, or on the lead-plate with emery. 
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iD^ule over the whole. Tf iiiis be ftirefully clone, even a very large 
..i-crion may be attached to glass without the intervention of any air- 
1, iiibles. if, lu-uv'ever, they should present tlieinselves, and they 
(■aiinot be exiiellcd by increasing the pressure over the part beneath 
wliioii they aia*. or by slightly shifting the section from side to .side, 
ir is iKdter to take the section entirely oft’ to melt a little fresh 
tiilsam upon the glass, and tlien to lay the section upon it as before, 
Wlieii the section has been thus secured (o the glass, and the 
utt ached part thoroughly saturated (if it l)e porous) with hard 
t'iUiada balsam . it may be readily reduced in thickness, either by 
irviading or filing, as before, or, if the thickness he excessive, by 
nikiug off the chief part of it at once by the slitting wheel. 8 u 
soon, however, as it approaches the thinness of a piece of ordinary 
torch it should be rubbed down with water on tme of the smootii 
stones previously named, the ghnss sli]) being held beneath the 
timn'rs with its face downwards, and the pressure being applied 
with such equality tbtt the thickness of the .section shall be (as 
nearly as can he discerned) ecpial over its entire surface. As soon 
ns it begins to l>e translucent, it slmiild be placed under the micrO' 
„(.,,])c (particiihtr regartl being had to the method of illumination 
so as not to fiood the ol.)jcct with light), and note taken of any 
inequality; and then when it is again laid upon tlie stone, .such 
inequality may be brought down by making s])eeial pre.ssure with 
the forefinger u[)on the part of the slide above, it. AVhen the 
tliimiess of tlie section is such as to cause the water to spread 
;iroimd it between the glas.s and the stone, an exce.ss of thick- 
ness on either side may often be detected by noticing the .smaller 
distance to winch the li(|ui(l extends. In ])i'0|)ortion as tlie sub- 
stance attaclieil to tlie glass is ground aA\av. ilie superfluous 
lialsain u liicli may have exuded arountl it ill he brought into con- 
tact with the stone ; and tlii.s should he removed witli a knife, 
i-ive being taken, however, that a margin be still left round tbeedge 
nf the .section. As the section approaches the degree of thinness 
which is most suitable for the display of its organisation, great care 
must be taken that the grinding })roec‘ss he not carried too far : and 
t'n-cpient recourse should Vie had to tlie microscope, wliich it is 
cmivenient to have always at hand wlieii work of this kind is being 
on-ried on. Tliere are many substances who.sc intimate structure 
call ouly be displayed in its bighest perfection wlien a very little 
more reduction would destroy the section altogether ; and every 
luicrosciqii.st who has occupied himself iu making such preparations 
can tell of the number which he has sacriticod iu order to attain 
tins perfection. Hence, if the amount of material be limited, it is 
mU'Lsihle to sto]i short ns soon as a (food .section lias been made, and 
te lay it aside— •’ letting well alone’ — whilst tiie attempt is being 
made to procure a hetter oue : if this should fail, anotliei* attempt 
luav be made, and .so on. until either success lias been attained or 
the whdle of the material has been consume<l : the jirfst section, 
however, still remaining, whereas, if the first, like every .snl:».scquent 
section, he sacrificed in the attem[>t to obtain [icrfcction. no traci' 
will be left Ho sliow what once has been.’ In .iudgiug of the 
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lipiiejiniiKH' Ilf ii section in this stage tuuler the microscope, ir is 
Ik‘ remenibered that its transparence will suhseqnently he coiisiA-i*. 
ably increascil hy mounting in Canada balsam: this is |.»;n‘ti(.u!ai]v 
the case A\'ith fossils to AA'hich a deep hue has been given bv 
infiltration of some colouimig matter, and with any snij.st!iiici> 
whose particles have a molecular aggi'egation that is rather aiuor. 
]ilinus than crystalline. AYhen a. sufticient thinness has been attaiucil 
tiic section may generally be mounted in Canada balsam; aial tin- 
ukhIc in which this must be managed will be detailed hereaft^'i-. 

By a slight variathni in the foregoing process, sections niiiv 
made of structures in which (as in corals) hard and soft parU arc 
emihined^ so as to show l)oth to advantage. ^Small pieces of tlic 
substance an^ first to be stained thoroughly and aia^ ttien to lie 
‘ ilehydratLnr hy alcohol, A thin solution of copal in chlorofonu is 
to be pre}xn‘eil. in which the pieces are to he immerst-d ; ami tliis 
solution is to he concentrated by shnv evajx)ration, until it can lie 
drawn out in threads which become brittle mi cooling, Tlic piects 
are then to be taken out, and Lnd aside to hai'den ; and when the 
copal has become so firm that the edge of the finger nail inake.s iin 
iin[)ression, they are to he cut into slices and ground down attaclud 
to glass in tlie mannev already descrihetl, the sections being lliiallv 
mounted in Canada. l)als;\m. The sections (attoched to glass) iiuiv 
be partially or completely dec>alcified, the .soft parts remaining b- 
sitn^ by first dissolving out the copal with clilornform ; -when, after 
being well w'ashed in water, they should he again stained, and 
mounted (other in weak sjiirit or (after having been (Udiydrated) in 
Can:(da. l>al,sund 

A different mode of proceilure, however, niust be adopted when 
it is desired to obtain sections of bone, tooth, or other finely tubular 
structures, aapenetvated by Canada lialsam. If tolerably thin sec- 
tions of tliem can he cut in the first instance, (n‘ if they are of a siw' 
and shap(^toh(‘ lield in the hand whilst they are being roughly ground 
down, there w ill l)e no occasion to attacli them to glass at all ; it is 
frecpiently convenient to do this at first, lunvever, for tlie purpose of 
obtaining a Miold ' ujion the specimen; hut tlie surface which has 
hf'cn thus atta(died must afterwards he cmnpletidy I'uhhed away in 
order to being into \iew a stiMtiiiii which ilie (uuiada balsam shall 
not have pjuietrated. As none but substances po.ssessiiig considerable 
toughness, such as hones ami teel.1i, can he treated in this mauncr, 
and as these are the suhistances which are most (piickly reduced l»v 
a coar.se file, and are least, liable t,o be injiireil by its action, it Avill 
be generally found possible to reduce the .sections nearly to the 
required thiuuc.ss hy laying them n])on a piece of cork or soft wood 
held in a \ ice, and operating upon them first with a coarser and then 
with a finer file. When this cannot safely be cairicd farther, tiic 
-sec'tion must be rubbed doAvn upon that one of the fine NtonesahCcidv 
mentioned whicli i.s found be.st to suit it ; as long as thie section n 
tolerably thick, the finger may lie used to press and move it; but^l^ 

‘ See Kocdi ill ZooIocjW'Jirr Arzrig. Bd, i. p. Sd. The Author, hnving >een d.O 
the kiiidiiesH of Mr. H. N, Moseley) some sections of corals prepared hy this proec'^. 
can testify to its complete success. 
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finger itself begins to come into contact with the stone, 
it iiinst be guarded by a flat slice of cork, or by a piece of gutta-percha 
little larger than the object. Under either of these, the section 
iiriv be rubbed down to the desired thinness ; but, even the most 
i-,nvfnl working on the finest-grained stone will leave its surface 
^nth scratche.s, which not only detract from its appearance, 
but prevent the deUils of its internal .structure from being as readily 
iiiado out as they can he in a polished section. This poli.sli may be 
iiiiparted by rubbing the .section witli putty-powder (peroxide of tin) 
mid water upon a leather strap made by covering the surface of a 
Uoiird with buff leather, liaving three or four thicknesses of (doth, 
rlaiuiol, or soft leather beneath it ; this operation must be performed 
{tu botii sides of the .section, until all the marks of the scratches left 
bv I tie stone shall have been rubbed out, wlien the specimen will be 
tit for mounting ^ dry,' after having been carefully cleansed from any 
julbering particles of putty-powder. 

Greater fiicility in tlie grinding of hard sections, as well as supe- 
riovitv of result, is attainable by simple mechanical means. 

A\*utting machine will greatly facilitate the prwessof preparing 
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reck slices. The thickness of eacdi slice must be mainly regulated 
liy the nature of the rock, the rule being to make it as thin as can 
be conveniently cut, so as to save labour in gidiiding down afterwards. 
Perhaps the thickness of a shilling may he taken as a fair average. 
Thb thickness may be still further reduced hy cutting and poli.shing 
II foce of the specimen, cementing that on glass, and then cutting as 
close as possible to the cemented .surface, Tlie thin slice thu.s left 
on the glass can then be ground down with comparative ease. 

The first (fig. 411) is a liand machine. Tla^ sju^cimen is cemented 
to the carrier, «, which is movable on the axis. /), andean also be 
rotated in two directions. The object is pressed by the weight, c. 
afiainst the steel disc, d. which is revolved by tlie wheel, e, acting on 
;i snialler-toothed wheel on the axis of d. 

The second (fig. 4T2) is intended to be ^\•orked by the foot. The 
parts 6 , i\ and d are the same as before. The wheel and treadle a 
./ami (/ work the pulley, hy wdiieh the steel disc, d, is revolved ; h 
})iu*t of the cover for the disc, tc pi'cvent the emery ilying about. 
A. Iiox beneath also catelies the powder that falls. 

(Tlii.s arrangement is also snpjilied wiili tig. 41 1 . though not shown 
i'l the woodcut.) A .second wheel at ?, with a coi'd pa.ssing over 
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actuates a vertical spindle, which rotates a liorizontid u,,!i 
j)late at 7}i for [K)lishing. 

De calcification. — Wien it is desired to examine the struct ^ 
the orgiinie matrix in whicli tiie calcareous salts are depositci] -]iMt 
o-ive hardness to many animal and to a few' vegetable structures (su,-li 
as the true corallines), these Sidts must be dissolved away by tlie 
action of some acid, such as nitric or hydrochloric. This slioidd 1,^. 
employed in a very dilute state, in order that it may make as littk 
change as jjossible in the soft tbssue it leaves behind. Wluai [tlie 
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lime is in the state of carbonate (as, for example, in the skeletons of 
echinoiWiais), the body to be decalcified should he placc-l in a g]us> 
jar or wide-moutlied bottle liolding from 4 to (i oz.of water, and tlie 
acid should be added drop l)v drop, until the disengagement of air- 
tmbhlcs shows that It is taking effect; and the solvent prix-essshmild 
he allow'ed to hike place very gradually, more acid being adderl je 
reimired. When, on the other hand, iniicli of the lime is m hie 
state of phosphate, as in bones and teeth, the strength of tlie ai-c 
solvent must be increased; and for the hardening of the softei- pait> 
of the organie matrix it is .lesirablo that chromic acid i>c 
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111 small bones, or deliejite portions of large 

piioti as the cochlea of the ear), a ]j per cent, solution of chixonie 
will Itself serve as the solvent ; but larger masses require either 
iiiijic or liydrochloric achl in addition, to tl\e extent of 2 per cent. 
„f the former or 5 per cent, of the latter. By some the eliromio and 
tlie nitric or hydiwhloric acid are iiiixed-in in the first instanee. 
while l)y others it is recommended that the hone should lie first in 
the chromic acid solution for a week or ten days, and that the 
jecimd arid should he then added. If the softening be not eom- 
ploted in a month, more acid must be added. When tlioroughly 
ilecalcified, the bone should he transferred to rectified spirit ; and 
innav then be cither sliced in the microtome or toi'n into slireds 
fin- the demonstration of its lamelljc. Acid solvetits may also be 
ciiiiloyed in removing the outer parts of calcar(a)us skeletons, for the 
ilisplay of them internal cavities (a plan which the Author has often 
found very useful in the study of Fomminifera), or for getting riil of 
rlicni entirely, so as to bring into complete view any ‘ internal east ’ 
which may have been formed by the silicilieiitioii of its origiimJlv 
Htft contents. It has been in this mode, even more than bv tlio 
cutting of thin sections, that the structure of Eozoon canmUase has 
been elucidated by Professor Dawson and the Author. Foi- the first 
of the.se purposes sti-ong acid should be applied (under the dissecting 
microscope) with a fine camefs-hair peiual ;■ and another such perual 
<h:irged with water should be at hand, to enable the observer to stop 
tlm solvent action whenevei“ he thinks it has been c.arrled far enough. 
For the second it is better that the acid should only be strong euougli 
for tlie ichm solution of the shelly substance, as the too rapid disen - 
ijagciiient of bubbles often produce.s disjdaeemevit of delicate ])arts 
of tlie substituted mineral ; whilst, if tlie acid be too strong, the 
• internal cjist ’ may be altogether dissolved away. 

Bu.sch suggests nitric acid as the best of all agents foi- decaleifica 
tion, ijisomiich as it does not cause ‘ swelling up,’ nor iiijuriouslv 
attack the tissue elementB. 

One volume of chemically pure nitric acid of specific gravity 
diluted with ten volumes of watei- may be employed for large and 
tough bones ; but it may bo diluted to 1 per cent, for \'oung bones. 

The metiind given is that fresh bones should be laid in alcohol 
of 95 per cent, for three days; they must then be placed in the 
nitric acid, wliich must be changed daily for eight days. They must 
not remnin after the decalcifi cation is complete, or they will become 
yellow. On removal the bones must be washed for a (*(mp1e of hours 
in nmuing water and placed again in 95 per cent, alcohol, and in a 
few days placed again in fresh alcoliol. 

Desilicification. — It is desiralde to be able to renlo^■e siliceous as 
well !i.s calcai’cous elements from objects. To do this a glass ve.sscl 
•dnaihl be carefully coated with paratfin internally, to prevent the 
iiction of tlie acid used taking place on the sides of the vessel. The 
’^^>hj(‘ct to he (‘leaved of its silica is placed in alcohol in the coated 
vessel, and bydrofiuoric acid is added di’op by di'op. As the mucous 
nicnilmanes arc fiercely attacked by this acid, great cjire must be 
exd-fiscil in its use ; but small sixniges and otlier similar siliceous 
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objects by remaining a fewboiirs or a day in this are wholly d. 1 4^, >4 
of their silica, while the tissues do not suffer. 

Preparation of Vegetable Substances— Little prepaini!, ,1 i, 
required, beyond steeping for a short time in distilled watc'i- ri 
rid of sail iie'or other impurities, for mounting in preservative mndi;, 
specimens of the minuter forms of vegetable life, or portions nt“ th,. 
larger hinds of akfw, fungi, or other succulent eryptogains, 
tlm woodv structures of phanerogams are often so consoli<l:u.d hv 
^nimmv, resinous, or other deposits that sections of tliem shoii]«! !u:)( 
be cut until they have been softened by being partially or vvhnllv 
freed from these." Accordingly, pieces of stems or roots should 
soaked for some days in water, with the aid of a geidle lieat if tla-v 
arc very dense, and should then be steeped for some days in nn tliv- 
lated spirit, after which they shouhl again be transferred to \\ittri 
The same treatment may be applied to bard-coated seeds, the * siom-s’ 
of fruit, * vegetable ivory,' and other like suhstaiices. Some vegetai)!^ 
substances, on the other hand, are too soft to be cut sufticieutlv tliin 
without pi-evious hardening, either by allowing them to lose some.it' 
theii' moisture by evaporation, or by drawing it out by steeping tliom 
in spirit. Either treatment answers very well with sncli substaiur,^ 
!is that which forms the tuber of the potato, sections of wliicli 
<Usplay the starch -grains in sita. Where, on the other hand, it 
<lesired to preserve colour, spirit must not be used ; and recourse iimy 
he had to guni-inihedding. which is particularly serviceable where 
the suhsta nee is penetrated by air-cavities, as is tlu^ case with tin' 
stem of the rush, the thi(;k leaves of the mater-lih/, Av. The tisMic 
is well soaked in a ayi'upy solution of gum arabic, and this is thvn 
hardened, either bv allowing it to slowly eva])oraie, or by tliiowiiig 
it into strong alcohol, or by freezing it. But where staining processes 
are to he employed, the substance should be previously bleached hy 
the action of chlorine (preferably by Labarraque’s chloi'inated soda), 
and then ti'eat ed with alcohol for a few hours. 

For the rest, the minute structure of the higher plants is studied 
by means of the methods of iixing, staining, and section-cuttirg 
a.i.)ove described for the tissues of animals. For plants, a})sohne 
alcohol is much used as a fixing agent, the other reagents employed 
in their pi-eparation being in general tlie same as those used in 
animal histology. 

Staining Bacteria. — it is needful to employ somewhat special- 
ised methods for staining the saprophjTic, pathogenic, and otliei 
schizomycetes. Some of these stain admirably, but; others, especially 
the somewhat larger forms, are much altered, and unless observa- 
tions are controlled with accurate and constant observations on thr 
organisms in a living condition the most egi'egioiis errors may arisv. 

(1) Take half a dozen cases of putrescence in which solid tissue 
are decomposing, but which are in different states of docoinpositioii. 
From each take out with a pipettre a small quantity, ami transfer tn 
a carefully prepared and well-filtered decoction of veal in a sinail 
glass vessel, at tlie temperature of the respecfdve p\itrefactions : lean* 
this for half an hour. Then with a fine pipette take out a ninin v 
drop from each vessel and diffuse each drop upon a co\ci-g ass, ^ 
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riivitiou go on in wnrin room for twenty minutes, then fix the 
111,,' of saprophytes by means of fairly strong osinic acid vapour ; 
floitr the rover with the surface of bacteria downwards on a ve.ssel 
i,i' solution of violet of metliyl-anilin for an hour or less, drain the 

of the cover-glasses on blotting-paper, and mount in glycerin, 
"yi) Now take drops of the fluid from the several vessels and in 
;t iiKiist grosnng cell examine the living forms, and compare these 
^vith \'Oiir dried and stained preparations. 

(:}) Bv anotlier method, which will apply also to the budllus of 
tiilierculosis, a layer of sputum or of putrefactive fluid may bespread 
us Ix'fore upon a. cover-glass, dried in an air-oven at about 100® F., 
mid tlieii passed three times, moderately slowly, through the flame 
„f ii spirit-lamp, so as to tliovoughly ‘ fix ’ the preparation by 
its albumen. Mix 1 c.c. of concentrated solution of 
iiicthylen-blue in alcohol, 0-2 c.c. of 10 per cent, solution of potash. 
i(U( I 200 c.c. of distilled water. On to tins float the cover witli its 
.•sill-face of bacteria dnwnwai'ds and leave for twenty -four hours ; the 
jilia will be coloured blue ; place a few drops of a solution of vesuvin 
ull (ucr the film, wliich drives out the methylen-blue from all but 
the bacteria. Finish with alcohol and oil of cloves, and mount in 
lijilsjmi. 

For the same purpose Professor Heiieagc Gibbea gives a method 
witich has proved of great value. Take of rosanilin hydrochloride 
2 meihylen-bluc 1 grm. ; rub them up in a glass mortar. Then 
ilissolve auilin oil, 3 e.e., in rectified spirit, 15 c.c. ; add the spirit 
slowly to the stains until all is dissolved, tlien slowly add distilled 
water. 15 c.c. Keep in a stoppered bottle. 

In the usual way dry tlie sputum, (Lt., on a cover-glass and fix in 
a flaiiie as a few* drops of tlie stain are poured into a test-tube and 
wanned. A,s soon as steam rises pour into a watch-glass and float 
the cover-glass on the wurm stain ; allow it to remain four or five 
minutes ; or if wc do not heat the stain but use it cold, let it remain 
for at least half an hour. Wash in methylated spirit until no 
colour comes off ; drain, and then dry in an air-oven, and mount in 
Iwlsain. 

Staining Bacteria in Tissue, s (Lbftler’s solution). — To 100 parts 
nf Milution of caustic potash of 1 : 10,000 add 30 parts of Siiturated 
flcoliolic solution of methylen-hlue. Filter. Stain section for one 
or two liours, wash out with acetic acid of ^ per cent., followed by 
water. Dehydrsite with absolute alcoliol, clear with cedai' oil, ana 
iiioimt in balsam. 

process of differential staining of bacillus tuberculosis which 
was devised by MM. Pittioii and Koux -was presented recently (1 889) 
to the 8oeiete de Medecine de Lyon, and has met with high com- 
meiiflation. It requires three solutions : — 

A. Ten parts of fuclisin dissolved in 100 parts of al:>solutc alcohol. 

B, Tliree j.Ku-ts of liquid ammonia dissolved in 1 00 parts of dist illed 
water. 

P. Alcohol 50 parts, water 30 parts, nitric acid 20 parts, anilin-, 
gi'eon to saturation, in preparing this solution dissolve the green 
ii' the alcohol, add the w^ater, and lastly the acid. 

l2 
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It is iised thus, viz. to 10 parts of solution B add one ^y,-- „j- 
solution A. and heat until vapour shoivs itself, then iniinei''-- t)j,, 
whole cover-glass pvepai-ed as in the ordinary way for stainioo < I 3 
minute snilicea to stain the bacilli. Wash with plenty of wati i . 
after rinsing with distilled water dr(^p on the film side of the mvri- 
ghiSvS a small quantity of solution C, which is not to vemaift viiuie 
than forty seconds. Wash (tff with plenty of water, dry. and Uimiiij 
in xylol balwon. 

The bicilli wdll be found to be stained a tine vo.se-rcd upon a jcdc- 
green ground. 

Staining’ Flagella. — The following is the latest form of the 
brated method of Lofiler. A mordant is made as follows : T(* K) c.c. 
of a 20 ])er cent, aqueous solution of tannin are added 0 (-,(•. 
cold .saturated solution of ferrous sulphate and 1 c.c. of (eitht-v 
aqueous or alccdiolic) suliition of fuchsin, methyl-violet, or • Woll- 
schwarz.’ Cover-gla.ss preparations are made and fixed in a tiiiUH. 
in the manner described above, special care being taken not timvci-- 
heat. Whilst still warm the ])repamtion is treated with the ahavr 
described mordant, and i.s heated in contact with it for half n 
minute, until the liquid begins to vaporise, after which it is w.ashcd 
in distilled water and then in alcohol. It i.s then treated in ^ 
similar manner with the stain, which consists of a saturated .stdutifni 
of fuchsin in anilin water (w’ater in wdiicdi a little aiiihn oil luis 
been shaken up and filtered), tlie .sohitiun being preferahlv 
neutralised to the point of pi'ecipitation by Cixutiou.s addition of 
O'l per cent, soda solution. For .some fuither details concerning tliis 
process, the ‘ Joxirnal of the Royal Micr('isc(qncal Society’ for l^lKi. 
p, 678, may he consulted. 

Chemical Testing. — It is often requisite, alike in biologie.d aint 
in mineralogical inve.stigations, to apply chemical te.sts in minute 
quantity to objects under inicro.scopic examination. Various enu- 
trivances have been devised for this purpose ; but the Autlior woulr] 
recoimiiend, from hiso’\vnexperi(mce,the small glass syringe ali padv 
described, or preferably the <h’up l)ottle, pp. 4-70-477. with a liue- 
pointed nozzle, as the inost convenient instrument. One of its 
tagos is the very precise regulation of the quantity of the test tu he 
deposited which can be obtained by the dexterous use of it ; whilsi 
another con.sists in the power of withdi’awing any excess. Carpimisi 
be taken in using it to avoid the contact of tlic tc.st-liquid witli the 
packing of the piston. Whatever iiiethoil is einjdoYed, great eaiv 
should be taken to avoid caiTviiig away from tlie slide to wliicli tlir 
test-liquid is applied any loose particles which may lie n])on it. hiuI 
which may be thus transferred to some other object, to t he great 
perplexity of the microseopist. For testing inorganic substances the 
ordinary chemical reagents are of course to be eni])loyed : Imt ceitaiii 
special tests are required in biological investigation, tlie following 
being those most frequently required : — 

a. Solution of iodim in water (1 gr. of iodine, 3 grs. ofioditbot 
potas.sium, 1 oz, of distilled water) turns starch blue and ceUidm 
bi'ow-’n ; it also gives an intense brown to alhuviinons sulxstanccs. 

/ 3 . Chlor- iodide of zinc fSchultze’s solution) is jierhaps best made 
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Evaporate 100 e.e. of liquor zim*i <‘hloruli (B.P.) to 
't{\vx.: dissolve ill it 10 grms. of iodide of potassium; then add 
[)■'* LTi-iu. iodine; shake at intervals till saturated. 

Tills is extremely useful for the detection of pureoellulose, Tiie 
xiiu- chloride converts cellulose into amyloid, which i.s then turned 
I'lliH' hv free iodine. Wood-eells, cork-cells, the extine of jiollen 
and all lif^nified or corky menibrane.s, are coloured yellow. 
'^Trircli colours blue, but is rapidly disorganised, 

\ wry weak solution will instantly detect tannin, the cell con- 
tents in which it fornrs a part becoming reddish or violet. 

y. Solution of ccmstic potass or so(h (the latter being generally 
|tivli-rahte) has a remarkable solvent effect upon many organic .sub- 
sUtnecs. both animal and vegetable, and is extremely useful in 
l■enderillg some structures transpirent, whilst otliers are brouglit 
iiitn \iew. its special action being iijion korwj textures, wdiose 
{■(iiiqionent cells arc thus rendered more clearly distinguishable. 

I )ilute (one of acid to two or tliree parts of 

water) gives to cellulose that lias been previously dyed with io<line 
a tiluc ur purple hue; also, wlien mixed with a. sohitinn t)f sugitr, it 
rose-red hue, more or less deep, with nitrogcifous substHiices 
and witli bile (Pettciikofor s test). 

Sulphuric add causes starch grains to swell and similarly aft'ects 
cellulose. 

t. (Concentrated lutria rtrid gives to alhaminous substances an 
intense yellow. 

1. Acid nitrate of mercurij (Millon’s test) (ten parts of merenry, 
tell of fuming nitric acid, ami twenty of water) colours albuminous 
sidistances red. 

Acetic (ichL whicdi should lie ke})t both concentrated and diluted 
with from three to five parts of water, is very useful to the animal 
liistologist from its power of dissoK ing, or at least of rediKuiig to sucli a 
stage of transparence that tliey can no longer be ilistinguislied, certain 
kinds of membranous and fibrous tissues, so that otlKU' jiarts (especially 
iii'chd) are lirought more .sti'ongly into viewt 

(t. Ether dissolves i-esins, fats, and oils ; but it will not act 011 
fiiesn through membi'aiies penetrated w'ith vvatery fluid. For the 
siiiic purpose (‘liloroform, bmizol, oil of turjientine, and carbon bisul- 
]'liid(‘ ai‘(‘ used. 

i. -I ilis, solves resins ajid some volatile oils, but it does not 
act on orilinary oils and fats. It coagulates albuminous matters, and 
('I'liseipiently renders more opaque sudi textures as contain them. 

K. tt.Miile acid i.s a test for fatty matters, which it stains black 
ill vjii-ying degrees ; and in like manner for gallic and tannic acids. 

Preservative and Monnting Media.— We have now to consider 
tlie \-;irious modes of preserving the preparations that have been 
iii:id(‘ liy tin* scvend metliods indicated above, and shall fli'st treat 
“f sudi as arc a]>plicable to those minute animal and vegetalde 
^’I'gaiiisni.s. and to tho.se sections or dissections of large structures, 
wliidi !ire suitable for being mounted as transparent objects. A 
i'l'Oad distinction may be in the first place laid ilowu between 
ie<nii<,t<s ;iiid ayaeoii.s [treservati\e media ; to the former ])elong 
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CHira<la balsam and dammar, while the latter include all thf ^mx- 
tnres of which water is a component; while partly dehvdr.riii,, 
media, such as glycerin and alcohol, occupy an intermediate 
The choice between the three kinds of media will partly 
upon the nature of the processes to which the object may ha\ i‘ 
previously subjected and partly upon the degree of transpoviK.f, 
which may be advantageously imparted to it. Sections of suh.sTian.f.,, 
which have been not only imbedded in but penetrated by 
iuid have been stained (if desired) previously to cutting, are, as n, l ulc^ 
most conveniently mounted in Canada balsam or dammar: 
they can be at once transfciTod to either of these from the menjsf i-umn 
by whicli tlie imbedding material has been dissolved out. The iIiivh- 
bility of this method of mounting makes it |)refei'able in all c.isc.s to 
which it is suitable, the exception being where it renders a vew 
thin section too transjra.rent. in su<'h rases serdrons or oflt-V 
objects may sometimes be moi‘e advantageously mounted in some iif 
tlrosc aqueous preparations of glycerin which apjiroach the i-fsinrais 
media in transparence turd permanence. When Canada balsam uas 
first employed for mounting preparations it was (uuploved iu its 
natural seiui-lluid state, in whifh iij consists of a solution of resin in 
volatile oil of turpentine ; and unless a large proportion oidlielittci' 
constituent was driven off by heat in the process of nmuiitinL; 
(bubbles being thus formed of which it \Nas often dilllcult to 
rid), or the mounted slide was afterwards subjected to a luoiv 
moderate heat of long continuance, the halsam wcmld remain soft, 
and the cover liable to displacement. This is avoided by thoiiictlioil 
now generally adopted of previously getting rid of the turpentine by 
protracted exposure of the balsam to a heat not sufficient to Ixbl 
it, and dissolving the resin thus obtained either in xylol, benwil. nr 
chloi-ofoi'in, but far preferably the former, the solution being nunle 
of such viscidity as will allow it to ‘ I'un ’ freely. Either of tliee^ 
solvents evaporates so much more quickly than turpentine that tlir 
balsam left behind hardens in a coinpai'atively shoi't time. .Yy?o/- 
h(dsavi is now preferred by most mnunters. It i.s made of eijoal 
volumes of xylol and balsam. The vatural balsam, however, niitv i'*’ 
preferably used (wdtli cai'e to avoid the liberation of bulhlcs ty 
overheating) in inomiting sections already cemented to the slidi's 
by hardened balsam, and also for mounting tlie chitiuons textinr^ 
of insects, which it has a peculiar power of rendering transpiU-ent. 
and which seem to he ])enetrated by it more thoroughly than tiny 
are by the art:ificia11y prepared solution. Tlie solution of diuiiiu!i)' 
in xylol is very convenient to work with, and hardens quickly. 

The following are the principal aqv.fo:iff media whose v:i!m''lw> 
been best tested by general and protracted experience - 

a. Fresh specimens of minute protophytes can often lie very \vell 
)a*eserved in distilled water saturated with camphor, the coinplctr 
exclusion of air serving both to check their living actions ;ii id ti' 
prevent decomposing changes. When the jaoservat ion ut c«drjni' 
is nob a special object about a tenth ]iart of alcohol may be adilehaa' 
this will be found a suitable medium for the preservation ot iiiauy 
delicate animal textures. 



PRESERVATIVE MOUNTING SIEDU 


519 


,•>, Salt solution’^ 0'75 per cent, sodium chloride in water. Use- 
i\ medium for temporary exaniinalion, but not for permanent 

' ... White of cm egg. — Simply filter. 

0 . Synm in which is dissolved 1 to 0 per cent, of (‘hloral 
jiY, irate, or 1 per cent, of carbolic acid. 

€. Liquid of Kipavt ami Petit . — Camphor water (not .saturated). 
J,’) urms. ; distilled water, 75 grnis. ; glacial acetic acid, 1 grm. ; 
;u-etiite of copper, 0'30 grm. ; chloride of copper, 0'30 gi-m. ^tay he 
:i.](it.‘d to preparations st^iined with methyl -gi'een, wdiicli it does not 
j,V(K:ipitate, and may be used for preserving eitlier vegetal or animal 

C Fdm-Domenjue' s Glmose d/ie^^i/M^i.—tllucose syrup of specific 
^ri-ivity 1'1968, 1,000 parts; methyl alcohol (wmod spirit), 200; 
LTlvcerni, 100; camphor to saturation, The glucose to he dis.solved 
ill warm water and the other ingi'edients added, and the mixture, 
wliicli is always acid, neutralised with a little potash or soda. 

■q. ('!hloml Hydrate . — A 5 per cent, solution in water, or 12 graiirs 
ililoi'id hydrate to 1 fluid ounce of camphor water, (Moimt in strong 
irlyceriii jelly.) 

Bran's Ghwose }fe,dhim . — Distilled w^ater, 140 [);)rts; cam- 
|ihnrated spirit, 10 parts ; glucose, 40 ; glycerin, 10, Mix the 
water, glucose, and glycerin, tlien add tlie spirit, and filter to remove 
the exce.ssof camphor which is precipitated. This medium preserves 
the colour of preparations stained with aniliii dyes. tueOufl-grem 
induded, 

1. Gam and if/;.— Gum -mucilage (B.P.) five parts, .syrup three 

parts. Add 5 grains of j)nre (tarholic acid to eacli ounce of tlie medium. 

B.P. gum-mucilage is made by putting 4 oz. of picked gum acacia 
111 (i oz. of distilled water until dissolved. 

tSyrup is made by dissolving a pound of loaf .sugar in a pint of 
ilistilU'd water and boiling. 

K. Ths glycerin jelly prejwi'ed after the maimer of Mr. Dtwi-ence 
may lie strongly recommended as suitable for a great variety of 
objects, animal as well as vegetable, subject to the cautions already 
.uivcn : ‘Take any quantity of Nelson’s gelatin, and let it soak for 
t\\(t or three hours in cold water, pour ofl'the superfluous wat(a% and 
lieat the soaked gelatin until melted. To each fluid ounce of the 
.irehitiii add one drachm of alcohol and mix well ; tlien add a fluid 
ilrachiu of the w^hite of an egg. Mix well wflnle the gelatin is fluid, 
blit cool. Now boil until the albumen coagulates, ami the gelatin 
is ([uile clear. , Filter through fine fiumiel,and to each fiuid ounce of 
the cliirified gelatin add six fiiiid drachma of Price’s pure glycerin, 
mid mix well. For the six fluid drachms of glycerin a mixture of 
two parts of glycerin to four of camphor- water may be substituted. 
The olijects intended to be mounted in this medium are best prepaied 
by being immersed for some time in a mixture of one part of glycei'in 
with uiie part of diluted alcohol (one of alcohol to .six of water).’ ^ A 
>imill (piantity of absolute phenol may be added ta it with advantage. 

^ A very pm*e glycerin jelly, of which the Aiitlior has made considerable nse, is 
IJrepanxl by Mr. Eimmington, chemist, Bradford, Yorkshire. 
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Wlioii used, the jelly nuiist be liquefied by gentle warmth, aa.i it 
useful to warm both the slide and the oover-glass previous;, t<i 
mounting. This takes the plat’e of what was formerly knovvii 
Dean's uTedimn. in which honey was used to prevent the havd. nivj^f 

of the gelatin ' 

For objects which would be injured by the small auioiihr of 
heat reqiined to liquefy the last-mentioned medium, the (jhfa;n,< >:i „4 
<fnvi medium of Mr. i^UTants will be found vei-y useful. Tin, j, 
made by dissolving four parts (by weight) of ]n(‘ked gum ai-abic in thin 
parts of cold distilled water, and then adding two parts ()f glyi i-i in, 
The solution must be made without the aid ot heat, the mixture lieiiij; 
occasionally stirred, but not shaken, whilst it is proceeding; aftev it 
lias been (‘ompleted the liquid should be strained (if noi, ])ei li,ctlY 
free from impurity) through fine cambric previously well Y^asl^e^l(>ul 
by a current of clean cold water ; and it should be kept in a liottli^. 
closed with a glass stopper or cap (not with cork), containing .1 
piece of camphor. The great advantage of this medium is \}v.\x it 
can he used cold, and yet soon viscifies without cracking ; it is well 
suited to preserve delicate animal as well as vegetable tissues, ami in 
most cases increases their transparence. 

Of late years glycerin has been largely used as a presen 
either alone, according to the method of Dr. Beale, or diliucit 
with water, or mixed with gelatinous substiuices. It is mucli UKtir 
lin ourable to the preservation of colour than most other media, and 
is therefore specially useful as a constituent of fluids used (di- 
mounting vegetable objects in their natural as])eets. It ha.s also the 
priiperty" of increasing 'the traiispareiuie of animal structures, tlimiot 
ill a loss degree than I’csinous substances, and may thus be adyiie 
lageoiisly em[doved as a component of media for mounting objeet> 
that ave*^ rendered too transparent by balsam or dammar. Two 
cautions should be gi\en in regard to the employment of glycerin: 
fii'Ht. that, as it lias a solvent power for carbonate of lime, it should 
not be used for mounting any object having a calcareous skeleton ; 
and that, in proportion as it iucrea.ses the ti-anspareuce ot 

organic substances, it diminishes the reflecting power of then 
surfaces, and should never bo employed, therefore, in the mountmgut 
objects to b(‘ viewed by rejected light, although many ol^cG.- 
mmiiited in the media to be presently specified are lieautitully 
shown b\' ^ dark-gi*ound ' illumination. 

1 . A mixture of one part of glycerin ami two 
camphor -water may be used for the preservation ot man\ leiict.i n 

structures. . 1 ■ 1 , 

* 2 . For preserving soft and delicate marine ammals whiclian* 
shriv'cllecl up, so to speak, by stvoiigei- agents, the Author ha. loini' 
a mixture of one part of glycerin and one of spirit witli eig it 01 c 

parts of sea- water the most suitable preservative, _ 

:l. For preserving minute vegetable pT'eparations the followU r 
method, devised bv Hiintsch, is stiiil to be peculiarly 
ture is made of three parts of pure alcohol, two pirts of disliJltai ^\au • 
and one part of glycerin; and the object, la id in u 

to be covered with a drop of tliis liquid, and then putaside under a 
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The ^tlcohol Hiid water soon ev^pornte, so that the glyoenu 
is left ; and another drop of the liquid is then to be adde<l, 
.i,kI ;i second evaporation periiiitted, the process being repeated, if 
',,,,yss;ivy, until enough glycerin is loft to fill tlio cell which is 
(licii to he covered and closed in the usual mode.* 

('aimlahaha'nii& one of the most universally enqdoyed mounting 
lucdia ; very old hard hdsam should be dissolved in enough pure 
x\ !i)l or chloroforni to make a, thin solution, which shouhl be ctire- 
fnllv iiltered. 

'/yroamcw.-^Dissolve gum-dammar with lie:it in a mixture of 
Ofjual parts of benzole and turpentine, and evaporate to a syrupy 
crmsistency. This is pleasjuit to use, but treacherous. Dammar 
dissolved in pure xylol in the cold gives a beautiful solution, but 
oil the score of permanency is not so trustworthy as balsam, 

(inm Sti/rax.—This is a I'esin wliicli must be dissolved in benzole, 
cliloroform, or ether. It should have the consistency of olive oil ; 
all the benzole mnst he evaporated before putting the cover on tlie 
slip; its refractive index is said to be then Its value is in 

the niounting of diatoms, where a marked difference lad ween tiie 
refractive index of the siliceous frustules and the medium in wliicli 
they are mounted fa ci I ita tes the d isenvevy of ohsen re deta i 1 s. There i.s 
a marked increase of visibility in proportion as the mounting medium 
has a refractive index higher than tlie object (diatom) mounted. 

Now the refractive index of the silex of diatoms is 1‘43. Bnt 
Canada balsam is 1'52 : hence the ‘index of visibility' in obscure 
markings is 9, wlhle styvax by conqxnisoii is 15. 

Motiobromide of naphthaUn is another of the media which 
iiiav be user! with a high refractive index. Tt is colourles.s and oil- 
like. soluble ill alcohol and ether. It has a refractive index of 
and therefoi'e a splendid index of visilality aho^•e hahsam or 
>tyrax; but after a la}), se of many months some change takes place 
)vlucii leaves the preparation as apparently perfect as bcfoi’c, but 
Iriving lost all the benefit of great refractive index. 

The cover-glas.s should be run round with a ring of wax, then 
'vitli a ring of Heller's |)orcelain cement, and he finally closed with 
.dif'llac. 

Hut with the exccqition of some media of very high refractive 
index not l)y any means easy to use, devised by Erofessor H. L. 
Siuitli, there is no mediinn of .such high value as that suggested and 
veiy snccc.ssfully employed by Mr. J. W. 8tepliensoii. viz. 

VJmphonifi . — Its refractive index is 2T. and its conserpient 
iticrease of visibility is of immense value in some objects. 

Phosphorus, it need hardly be said, is dillicult and somewhat 
‘laugerous to handle on account of its spontaneous combustion in 
air. and the severe nature of the burns it inflicts. But it is with 
diglit prai'tice by no means an unmanageable medium. 

To ])ve];)are it, take a 2-draclim bottle with no contraction for the 

'■ the Rev. "W. W, Spicer’s if ?joo A: io the (Utlhetinn and Preparaim^ 
Pri'Sili /rater at^d M^arinc Algw, <£■(■., pp, 57-50, ‘ Notiiing,’ says ^tr. Spicer, ‘ can 

f-'-'ttfcd tlic: beauty of tlie preparations of Dei^niidlare/r prepared after Herr HSiitscli’s 
method, the form of the plant and the colouring of the endochroine having tindcr- 
K'liie no change whate\'er,’ 
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neck. Make a cylinder of wood that will just fit the inside ei' t],^ 
neck, Fold some filter paper down and around this cylinder , ii;,t 
it will just fit tightly into the neck of the bottle, to the holto.ii of 
which it is forced, and the cylinder of wood withdrawn, leaviu- 
filter in its place. Now luoisten the filter carefully with a few .li 
of bisulphide of carbon, and a piece of stick phosphoru.s fr..!n 
quarter to three-eighths of an inch long should bephiced intlu lihrr. 
and the bottle corked. The vapour oi the bisulphide instantly iuts 
on the phosphorus, and in about half an hour it will he in a iluid 
state remaining in the filter. By releasing the cork and t.ikin^ 
hold of the filter tube with a pair of pliers and slowly drauiitg it 
upwards a partial vacuum is formed beneath it, and the pressnif of 
the air on the surface of the fluid phosphorus forces it throngli tin- 
filter, leaving the now brilliant fluid in the bottle. 

With care, rapidit^y and firmness withdraw the filter and pin iigt' 
inskintly into a vessel of water close at hand. 

In iTiouiitiiig w-e assume that the be.st course as advised sbovr 
has been adopted, and that the diatoms to tie mounted aro rillin- 
arranged or diflPused upon the cover-glass. 

Make a ring upon the slip of glue and honey cement used 
warm and allow'od to cool. Tt is now a stift jell}. Lav the no or 
in its jilace. with the diatoms downw^ards, touching the I'ing at oiio 
side, but raised by a fine wire on the side next the operator. A 
pipette mav also he usetl made of glass tubing an eighth of au inch in 
external diameter, drawn to a fine point at one end, atid somewlmt 
enlarged at the other, and to which an indiaviibber cap or nipple is 
thstened airtight. This pipette must be pa.ssed through the centiv 
of a cork fitting the bottle of phosphorus solution, and the tine end 
should plunge into the ihud and nearly touch the bottom of thebottlt', 
By .squeezing the rubber cap before the insertion of the pipette and 
releasing it after the point is w ell down, a small quaiitity of ]ilu)s- 
phorus rises in the pipette. It is withdrawn ami inserted r:t]adly 
beneath the tilted end of the cover ; the slightest ])ressure on th. 
cap ejects enough phosphorus to fill the space between the cn\er 
and the slide ; gently and firmly press it dowiv and ring it with 
glue and honey. 

In half an liour points of superfluous phosphorus may lisivc 
exuded. AYitli a pair of tweezers wet a piec.e of blotting-])apcr xuTb 
bisulphide and absorb these away, plunging the paper ;it once into 
water. The .slides should now be put aside for a day or two. tlicn 
they may receive two or three ring-coatings of gold-size, and linalJv 
be finished with .sealing-wax or shellac varnish. 

it often is quite impossible to predicate beforehand what pre>ri v.i 
tivc medium will answer best for a particular kind of preps i atioii . 
and it is consequently desiiable, where there is no lack of nia ina • 
to mount similar object.s in two or three different ways, 
each .slide the method employed, and comparing the speciuifn> lo 
time to time, so as to judge the condition of each. , , . . ,,»■ 

Importance of Cleanliness. — The success of the result nf an} 
the foregoing operations is greatly detracted from if, in ‘ 

of the adhesion of foreign substances to the glasses whereon 
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are mounted, or to the implements used in the manipulations, 
;iij> I'Xtraneous particles are brought into view with the object itself, 
^. jiiesuch will occasioiially present themselves, even under careful 
iii.,’iaireinent ; especially fibres of silk, wool, cotton, or linen, from 
{[]v 1 land kerchiefs, Ac., with which the glass slides may have been 
uipcd ; fibres of the blotting-paper einployeil to absorb superfluous 
jiiiid; and grains of starcli, which often remain obstinately adherent 
to I he thin glass (iovers kept in it. But a careless and uncleanly 
m.,]iipiilator will allow his objects to conteu-t many other impurities 
(hall these; and especially to bo contaminated by particles of dust 
tlojiTiug through the air, the access of which may be readily prevented 
l,v proper precjiutions. It is desirable to have at liand a well-closed 
captioard furnished wuth shelves, or a cabinet of well -fitted drawers, 
01* ;( number of bell-glasses upon a flat table, for the purpose of 
iwuriug glasses, objects, it c., from this contamination in the intervals 
of the work of preparation ; and the more readily accessible these 
receptacles are, the more use will the microscopist be likely tu make 
of them. (Ireat care ought, of course, to be taken that the media 
employed for mounting should be freed by effectual filtration from all 
tloat lng ixirticles, and that they should be kept in well-closed bottles. 

Labelling and Keeping Mounted Objects. — The object of labels 
on mounted objects is of course to give clear and instant indication 
of the nature of the mount. But we must, if oiu’ cabinet.shaN'e am^- 
thliig like scientific pretensions, not only know what the object may 
be. hut some {perhaps many) other particulars about it. In fact, a 
tlioroughly scientific cabinet must not rely on the labels on the 
inoimts for all the information which it is desirable and cviui 
css(‘utial to have concerning them. One of the desidei'ata of everv 
label should be the presence of a /umbr^r, and this number sliould be 
at once placed in a book, arranged in c'olumns to suit the re(]uireiiients 
(if the student, and most of the details should be placed in this luah 
in association with the number. 

For thi.s to be of permanent servi(‘e, liowe\ er. the label on which 
tlie mniiher is pkiced should be as permanent and immovable as the 
slip itself. We know of cabinets in which onlij numbers arc 
marked on slides, and all details are recorded in Hhe book.’ We 
do not advise this; but all who keep cabinets know how in theconvse 
(if years paper labels become displaced and lost, and in many 
iiisbiuces the value of slides is greatly diminished. 

What is wanted is a permanently fixed label, capable of receiving 
tlie chief points of character as well as the name and iuiml>er of an 
(hject. 

The present Editor lias found the following plan to be hitlierto, 
lifter twenty-three years’ trial, (.piite faultle.ss. 

Bet the slips which are to be used for mounting have the tw'o 
ends of the upper surface finely gi’ouud ; at one end the ground 
'urtace may bo three quarters of an inch, and at the other end half 
un inch. On the ground suiface w'e can wi’ite with a hard pencil as 
clearly and sharply as with a fine pen on cardboard. 

On the broader ground surface let the principal facts as to the 
niitiirc of the object be written and the number of the slide with a 
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Falier pencil niarkeil II H II H. On the iirtnowei- au<l o|p!;,;y|t,, 
gi'ound surface should be written what the object is mouiifi 
how stained, or whence obtained, the date of mounting, *.tc. 

Now when all this is written take thin (‘ovei's, cut vespcc! iriOv 
\x \ inch and 1 x }> inch, and by means of benzol bals,ain, ii]<i,iif.ii 
with or witliout heat, the gi’ound surfaces should have the.sc iKii, 
glasses put on over the siting and the entire gi'ound surfaces : tlic 
result of course will be that the transparency of wliat was a gmuiul 
and opaque surface will be wholly restored, and the writing will t,. 
fdear and inefiac&xble. If the bottom of the trays of the cabiiai.s l,r 
whitened it will render still more easy the instant reading of tin* 
contents of the label. 

Tlie grinding of the slips is by no means dirticxdt, and (*( 1111(1 Dot 
be costly if thei'e arose a demand for tlieni. 

It is easy, how'ever, to do all that is required. A block of wimmI 
to receive the .slide in an exeaxation of its own sliape and size. midI ii 
piece of wood lialf an inch thick, of flie exact length (Uj indi] 
of the .space Ixetween the labels, enables a lead ' bnff ' to be fn*clv 
used with fine emery and the work is speedily done. (_)f (X)ursc tla* 
finer t he emery the finer the surfhee ; and the finer the snrhiee tlir 
more delicate the writing may be made. Tbe label may in fact lx* 
as ornate and elegant as we idease. Nor need we be confined toiiii 
oblong .shape. Oval or round spaces could be ground on the slipj' 
and thin co\ ers of correspondiiig size (‘oiild be aciairdinglv used. 
Tlii.s method gives a little more trouble and is sliglitlv more 
expensive, but in elegance and above all in durability we belie\-e ir 
has no equal. 

For the preservation of objects, the [lasteboard boxes now iii;iiie 
at a very reasonable cost, with xvoodeii racks, to contain six. twelve, 
or twenty-four slides, wdll be found extremely useful. For ilu* 
management of a large collectioji tlie follow ing ha.s proved itself tn 
V)C thoroughly prat*tical, and can he universally employed. Tlie 
species, genus, and chamctei' of the slides may be disregarded. Plact* 
the slides in the cabinet just as they come, numbering each cousrou- 
tively. The exterior of cabinets should show^ from what number to 
w'hat number the cabinet contains : thus, 527 to 842. The poi'celiiiii 
slab on the drav^er may indicate from what number to what miiitbri' 
the drawer contains : thus, 527 to 539. Now a number of note- 
book.s should be procured, so that there may be a separate .notelmok 
for each subject ; the size of the notebook must be I'egulated to tla* 
importance of the special department the collector has taken uy. 
Thu,s a diatomist would have probably a thick ledger for his diatnin 
collection, W'hereas an entomologist would have a thin nof ebook toi' 
his diatoms and a thick ledger for his insects, and so on. Tlxe note- 
books might be distinguished from one another by a letter of tlie 
alp] (abet. 

Ill the event of a second notebook being required for the .snn'* 
subject or class of objects, it might be identified by doubling the 
letter — thus, D I). Now a large index 'notebook will be required in 
which one line i.s given to each slide. This notebook coidan^ 



COLLECTION OF OBJECTS 


. tlie number of the slide and the letter and page of the spettial 
' ','t'1)Ook wherein all about the slide will be found. Thus 
'“ "•(540, F 127/ 

nds means that in notebook F on page 127 we shall tiiid an 
,„vunnt of slide No. 649. 

On turning to mjtcbook F we find (say) that the siil>jer.t is 
The following will be a farsimile of the psigo 


Slide No. 649 127 

Srdhn of porphyry from Ppterhmxl, Amj. 1886.— The (piart/, 
crvstiils in this seotion have minute Ciivities containing a li<]uid. CO;,, 
lii each cavity there is a bubble; some of these Ijubblcs arc ex 
ti-emelv minute, and exhibit rapid Brownijin movement. A good 

cxaniple of which is — 

Xo, 2 (referring to a second microscope wlien used), 46-7)1. 

A large bubble with no Brownian movement. 

No. 2 (microscope), 44-47. 

Section too thick for oil immersion. 

Best seen dry J '95 N.A. deep eye-piece; condenser a]>erture 


•6 X.A. 


At tlie back of each notebook there is an alphabetical index. 
Ill this in.staiice if we look up ‘ Porphyry’ we shall hnd 127, and if 
we look up ‘ Quartz (cavities in) ’ we shall find 127, and if we look up 
• Carbonit; acid (in quartz)’ we .shall find 127, and if wc look up ' Bubbles 
(in ([uartz)’ we shall find 127. 

Bv this means the collector can find a slide if he know the 
subject, and also the subject if he have the slide. 

This is the oidy scientific method we know of dealing with a 
nii(*roscopical collection ; it is one of the greatest practical mistakes 
to make the cabinet its own index. It always end.s in supreme 
confusion. But for the purposes of the man of science a large 
cabinet; made witli a view to the reception of his own .slide.s is far 
preferable., The majority of slides are 3 X 1 inche.s ; but all are not— 
some geological and mineralogic^d sections, sections of coal, itc., are 
often much larger. 31any objects, again, are in deeper cells than 
tlie ordinary cabinet drawer or .41(1 e-box will admit of; all this may 
be provided for, and if money be not special object, a. de.sign with 
two or three special and smaller cabinets )nay be made for the 
reception of .special series of mounts.^ 


Collection of Objects. 

A large proportion of the objects with which tlie microscopist 
is concerned is derived from the minute ] tarts of those larger 
organisms, whether vegetable or animal, the collection of which does 
not require any other methods than those pursued by the ordinary 
naturalist. With regard to such, therefore, no .special direc'tions 
are re<[uired. But there are .several most intere.sting and impoi'tant 
groups, both of plants and animals, which arethem.selves, on account' 

' It will Le iincloi-stood tlial lliore are many forms of cabinet wliicli space prevents 
describing ; they are made suitable for the pocket, for postal transmissiou, itc., 
inid may be readily seen at the opticians’. 
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of tlieir minuteness, essentially mkroncopic; and the colleeti .> of 
these requires peculiar methods and implements, which are, ]lo^\ , \ 
very simple, the chief element of success lying in the knowledgt' . 
tolwkand what to look for. In the present place, (jmmd .lov,.. 
tions only will be given; the particular details relating to the. SHM-ral 
trroups being reserved for the ax;count to be hereafter given ot'.^acl!. 

Of tlie microscopic organisms in question, those which 
fresh water must be sought for in pools, ditches, or streams, tlimiigli 
which some of them freely move, whilst others atbK'h theiUM'lw's 
to the steins and leaves of aquatic plants, or even to pieces ot sti^k 
or decaying leaves, <tc., that may be floating on the surface or .sub- 
merged beneiith it ; while others, again, are to lie sought for in tlie 
muddy sediments at the bottom. Of those winch have tlie |)o\v,-v (iF 
free motion, some kee]) near the surfoce, whilst others swim in tlic 
deeper waters ; but the situation of many dej^nds entirely upon tlii- 
li^^'ht since they rise to the sui'faec in sunshine, and subside ;igfijn 
afterwards. The collector will therefore recjuire a means of olilainin^r 
samples of water at different depths, and of di-awing to hilll^elf 
portions of the larger bodies to which the microscopic organisms may 
be attached. For these purposes not! i i ng is so convenient as the pow ) - 
stick, which is made in two lengths, one of them sliding witliin the 
other, so as when closed to .sei've as a walking-stick, into tl;e 
extremity of tins mav be fitted, by means of a screw socket, (1) a 
cutting-hook or curVed knife, for bringing up portions of larger 
plants in order to obtain the minute forms of vegetable or animal 
life that, may be pirasitic upon them ; (2) a l)road collar, willi :t 
se’rew in its interior, into which is fitted one of the screw- tu]>|ieil 
bottles made by the York Glass Gompany ; {:!) a ring or lioo]) for a 
muslin ring-net. When the bottle is used for collecting ai ilie sur- 
face, it should he moved sideways with its month partly below the 
watm- ; but if it be desired to bring up a sample of the liquid from 
below, or to draw into the bottle any bodies that may be loosclv 
attached to the .submerged plants, the bottle is to be plunged into 
the water with its month downwards, carrie<l into the situation in 
which it is elesired tliat it should be filled, and then suddenly turned 
with its moutli upwards. By unscrewing the bottle from the collar, 
and screwing on its cover, t he contents may lie securely pveserxed. 
The net should be a bag of fine muslin, which may he simply sewn 
to a ring of stout wire. But it is desirable for many purposes tluit 
the muslin should be made removalde ; and this may he provuM 
for by the substitution of a. w^ooden hoop, grooved on its outside, tor 
the wore ring ; the muslin being strained ujion it by^ a ring cl 
vulcanised indiarubber, wdiich lies in the groove, and which may >c 
readily slipiTeal off and on, so as to allow a fresh piece of mushii to be 
put in the pkme of that which has been last used. At the end of the 
mu.slin bag is tied a small rimmed tube-bottle of thin_ (dear glass 
three inches long by one inch in diameter. In this, objects can 
fairly seen. The collector should also be furnished with a 
of bottles, into which he may transfer the samples thus 
and none are so convenient as the screw-topped bottles imuie m a 
sizes by the York Gla.ss (hmpany. It is well that the bottles shout 
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1h' into C 0 S 6 S, to Avoid tho risk of bi'eakAge. Wlien iiniinalculps 
being collected, the bottles slionld not be above two-thirds 
tilii'tl. so that adequate air-space may be left. Whilst engaged in 
tli,. search for microscopic objects, it is desirable for the collector to 
pn^ess a means of at once recognising the forms which he may 
her, where this is possible, in order that he may decide whether tlie 
• i.;itlieriug ’ is or is not worth preserving ; and for this [)urpose we know 
nf nothing better, unless a small travelling iiiicrosco|)o])e required, than 
,,,uple of Steiiiheil loops, magnifying six and ten diameters. 
yb . J. r>. Hardy suggests what we have found of great use. viz. 
,( ihit bottle^ as a very valuable piece of apparatu.s for colleciing.^ it is 
iiiaile by cutting a U^xhaped [)iece nut of a flat and solid f>iece of india- 
rubber! about f5 inches long by ‘2J inches Inroad, and ^ iiudi thick ; 
ncviiiist each side is cemented (by means of Willerts Moutchouc 
r^uiient) a piece of good thin plate-glass, and the bottle is complete. 
A small portion cut from the inner j>iece makes a naUirallv tittin«- 
cork. One or two more, and smaller, bottles can be Jiiade with the 
iTiafiiuing india rubber. It is essential that the material should be 
:it least J inch thick in order to make a wide bottle, and pillow pond- 
weeds to be put inside without difficulty and pressure. A flat bottle is 
made by Mr. StiUiley, London Bridge, which we havcgoo<l reason to 
write favonrably of. It is ground on its rintcr surfaces, and internal 
in-egularities .almost wliolly <lisappcar when filled witli watei' ; an 
objective from 3 inches to iiicli may he well employed with it. 

Even with the best ordinary round dipping l)ottles it is very 
(liflicult to see minute animals clearly, whilst with this flat bottle 
one can .see at a glance almost everything the dip (“outains, and 
every object can be examined with the pocket lens with ease. 

For collecting purposes the ohjH(“ts sought in pond or stream are 
di^■isibleinto free -swimming, and attached or fixed to water-plants, Ac. 

The free -swimming are to be secured with the net, the bottle 
attached to which should be examined after each sweep of tlie net ‘ 
and the flat bottle may be also filled for examination. Tlie mud at 
the btittom of the pond must not be stirred by the net. .since of 
course it obscures the objects. 

The infusoria, rotifera, Ac., are best found with the flat Imttle. 
Collect a lot of the ^ weeds ’ growing in pond or stream, and place 
tlicse in the bottle ; then, Mr. Rnnsselet say.s : * The tree-like colo- 
nies of Vorticellie ; Epistylis, Zoothamium, and Carchesium. the 
ti*uinpet-shaped Sientors, the crown Rotifer Stephaiioceros, the 
tul)e.s of Melicerta, Lymnias, the various Polyzoa, also Hydra, 
!iiul many more, can at once be seen with tlie naked eye, wlien 
present, and in thi.s way the good branches can Ije selected. Some 
(‘veatures. however, .such as the beautiful floscules, cun not be seen 
easily, even with the lens, not so much on account of their .small 
■dze. a.s of the ]ieifect transparency of their bodies. Experience 
will soon teach one how to see which branches .are likely to pi'ove 
prolific. As a general rule, old-looking hut .still sound and green 
'randies will be the best. The Water Milfoil (Myriopiiyllum) is 
oecidcflly the best of water plants to examine and collect, on ijccount 
^ Q.yf. Jour}!, ser. ii. vol. ii. p, 55, 
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of the ease witli wliich its leaves can subsequently bo placed imdi r 1 1 ,, 
microscope. Aiiacharis is much more difficult of manipulating q^,] 
1 mostly only take it now to aerate my aquaria. 

‘ In placing a weed in the dat bottle, do not put in inme tlcn; ,,1 
branch at a time, otherwise the branches will only obscure each 
and render examination more difficult. 

‘"VVlien searching for Polyzoa, such as Lopliopus, Pliimnu-ll-, 
Fredericella, it is advisable to examine the rootlets of trees lii-nwi],,! 
at the edge of the water, and also to drag up Aveeds from thn ii!l(].lL 
of the pond or canal by ii»eans of a loaded hook and line. 

‘ A good collection thus made is transferred to small aquari:! i'h,, 
8 inches high, 5 to 6 inches long, and 1 to H inch wide; tlieMj u>. 
liave used for at least ten years and can attest their great vuliu^ iu 
making the best possible use of a good day’s collecting, and sTiab in<.- 
in the most intelligent way the objects collected. 

‘ Rotifers can generally be kept a week or a fortniglu. xiiiie 
species much longer- ; their lives, as well as those of Polyzoa. cun l)e 
prolonged by feeding them about twice daily with a gx-een simp 
ina.de by crushing some aiiacliaris, or other green weed, in a siual] 
mortar in a little water, which is tlien filtered througli uiiisiin. 
They can be .seen to fee<l on tliis umler the microscope, their tjuv 
stoniaclis soon becoming filled with little balls of chlorophyll. 

‘Under favourable conditions Melicerta, Stephan oeeros, the Klos 
miles, and also Asplanchna, and other forms, breed and niultinlv in 
the aquai-ium, and can then be }»reserved for a. considerable time. 
A lit.tle mnd taken from a pond in winter or early sju'ing. aiul 
put ill a tank at lioiiie, will often jirodiu^e an niiexpected mnafiev 
and variety of rotifers and infusoria, which are hatched fiom 
winter eggs and dormant germs. ’ ^ 

There must of course lie a balance in every tank between the 
animal and vegetable life, or aeration mu.st be artifieially maintaineil. 
80 also food must be obtainable by the oi-ganlsins, however small. 
Blit experienee alone is the perfect teacher in this matter. 

The same general methoil is to be followed in the collection nf 
such vuiriiie forms of vegetable and animal life a.s inhabit tlic 
neighbourhood of the shore, and ciin be reached by the pond t'tielv. 
But there are many wliich need to be brought up from the bottom 
by means of the dredge, and many others wliich swim frcelv 
througli the Avaters of tlie ocean, and are only to be captured by the 
toW'uei, As the former is part of the ordinary equipment of cvew 
marine naturalist, whether he concern himself Avith the micvoscoi't- 
or not, the mode of using it need not be liere described ; hut tin- 
use of the latter for the purposes of the microscopist reiinin‘> 
special maniigement. The not should be of fine muslin, firmly sewn 
to a ring of strong Avire about ten or tAA-elve inches iu dianictc!-. 
This may he either fastened by a pair of strings In ilie stern ol :i 
l)OH.t, so a.s to tow hehutd it, or it may be fixed to a stick so held iu 
the hand as to i>roject fi'om tlie Hide of the boat. In either case thr 
net should be taken in from time to time, and lield up 1o alloAv the 

1 ‘ On some iJethodfi of Collecting and Keeping Pond T.ife for the Micri;iM.'Oi'e, 
from the Trans. Middlesex Naf. HisL Soe. 
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u':itvr it coiitaiiis to driiin thi'cmgli it ; and uliould then he tunied 
lijside out and moved about in a bucket of water carried in the 
l,o;ii.so that any minute organisms adliering to it may be washed 
,.|t' heforc it is again immersed. It is by tliis simple metliod tliat 
marine (tnhiudcahB^ tile living forms of Kad'wlurla, tlie smaller 
}fr,himds (with their allie.s Jkroe and Ciidipp(‘), Xoctilum^ tlie 
f^.,.^>.^^vimming larvie of EdiinodermaUu some of the most curious 
Ilf tlie the larvie of Mollumt, Tarhellaria^ and AmHida, 

sMitie curious adult forms of these classes, EnUmostmca, and the 
lavvm of higher Crustacea, are obtained by the naturalist; .ami 
tli(' itreat increase in onr knowledge of these forms which has been 
<f:iiiie<l within recent years is mainly due to the assiduous use 
wliicli has been made of it by qualified observers. It is iiupmtant 
tr> lie:ir in mind that, for the collection of all the more delicate of 
(luMirgaiiisms jirst named (sncli, for instance, as fudduoderm lame). 
it is essential that the boat should be rowed so slowly tliat the net 
iiiav mo\e (jenfly through the water, so as to avoid crushing its sr)ft 
coiitenl.s against its sides. Those of firmer structure (such as tim 
Eidutnosi/raca), on the otlier hand, may be obhiined by the use of a 
tow-net attached to tlie stern of a sailing-vessel, of even of « 
steaiiKT. in much more rapid motion.* When tins nudhod is 
employed, it will lie found aih antageous to make tlie net of conic.-d 
form, and to attach to its deepe.st part a wide mouthed hottle. 
which may he jmevented from sinking too deeply by suspending it 
from a cork flont ; into this hoille many of the minute anim.-ils 
caaght by the net will he carried by the euiTent produced hv the 
motion of the vessel Hirongh the water, aiid they will ho tliiis 
t'cinoved from liahilitv to injuri' It will also he useful to attai-li to 
the ring an inner net, the cone of wliieh, more obtuse than that of 
tlie outer, is culi off at some little distance from the apex ; this 
>erves as a kind of valve, to prevent objects onc(' caught from being 
washed out again. The net is to he drawn in from time to time, 
ami the bottle to he thrust up through the hole in the inucr cone ; 
and its contents being ti'ansferred to a screw-caqjped hottle for 
examination, the net may he again immersed. Tliis toj-m of net, 
liowi'ver, is less suitable for the most delicate olijects than the siiiqOe 
dirk net used in the manner just described. Tlie mievosenpist on 
:i visit to tlie seaside, who [irefers a quiet i-ow in tranquil waters 
to tlie trouble (and occasional malaise) of dredging, \\‘\\\ find in tlie 
coll(‘ction of floating animals by the careful use of the stick-net 
"i* tow-net a never-ending source of interesting occupition. 

In the ChdUrnf/er E.^peditiou tow-nets were almost constantly kept in use. 
iiol (Mil V at the surface, tnit at various de[iths beneath it, beiu^ atladied to a line 
'oiir lt was iinu3e to hang vertically in the water by the .attachment of heavy weights 
=11 Its exhvinity. Tlie collections thus made showed the enormous iunount of minute 
aiiiiiul life pervading the miper watcus of the ocean. 
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MICROSCOPIC FORl^IS OF VEOETAHLE LIFE rHALLOPRYl’Es 


CHAPTER Vm 


.U/Ci?O.SCOPiC FOliMS OF VEGETABLE LlFE-THALLOrjIYr i-.s 


Those ^vho desire to moke themselves fi\miUar with mieroso mi,- 
appenrniices, and to acquire dexterity in lUKruseopic manipii!:itioii. 
cannot do better than educate themselves for more didicult iirpiiruN 
l>y the study of those luunblest types of vegetation which presfiiT 
or»anie struct ore under its most elementaiy aspect. And such as 
desire to search out the nature and conditions ot living ;>ctiou will 
tind in the study of its simplest manifestations the l>est (bie to tlir 
analysis of those intricate and diversified combinations under vvliidi 
it .presents itself in the highest animal organisms. For it iris now 
been put beyond question that tlie fundamental phenomena of lit- 
are identical in plants and in animals, and that the living siibstaiur 
which exhibits them is of a nature essentially the same throuiihoui 
both kiimdoms. The determination of this general fact, which thi-iiis 
tlie basis*^of the science of Piot.ogy, is the most im})ort;tnt lysult nf' 
modern microscopic inquiry! and tlie illnstvation of it will he ki')ii 
constantlv’ in view in the exposition now to he given of the chiof 
applications of the microscope to the study of those minute proF 
phutes (or sinqile.st forms of plant-life) with whose form and striictinr. 
and with whose very existence in many cases, wt can only acqiniiit 
ourselves liv its aid. 

ft was" formerlv supposetl that Uviny (tction could only lit- 
exliibited by cmpinised stmcUiri',. Rut we now know that all tly 
essential functions of life maybe carried on by minute yielly-spccks. 
ill whose ap[iarentlv liomogeneous semi-fluid sulistance notliing like 
• organisation ' can be detected ; and, further, that even in the ven 
highest organisms, which present us witli the greatest vaiiety 
' (iltierentiated ^ structures, tlie es.sential part of the life-w'oi k isildia- 
1)V the same material— these structures merely fnrnisliiiig tliv 
lueclianisin (so to speak) through whicli its wonderful pi'oiicrtio 
exert themselves. Hence this snhstance,^ known in vegetuhlt' 
jihysiology as proUtphsm, but often referred to by zoologist.' le 


' Attention was ilrawii in ISSi by Dnjardin (the French zoologist to whom w,*ojv. 
the transfer of the Voraminifern from tlie highest lo the lowest place liinoiigimut 
iu-atelimaUt t. tl,e tact th,« the bodiee of,eon« nf the , 

animal kingdom consist of a structureless, scnu-flind, contractile substance, to ^ - 
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identical. 

zeUen. 
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h\^ Leen nppropriately tlesigimted by Professor Huxley ‘ tlie 
' livsieal of lile.' hi its typical stute (such as it presents 
itiifiinr r]u-:o}mls) it is a senii-Huiil, tenacious, glairy substance, 
ivM'iubling — alike in aspect and in coinposition — the albumen (or 
Hinvaguhited ‘ white ') of an unboiled egg. But it is fundamentally 
ilistitundshed from that or any other form of dead matter by two 
„tTi'ibute.s, which (as being iiemdiar to living sul).stances) are desig- 
ii:ite<l r'dal: (1) its power of increase, by assimilatim/ (that is, con- 
vt-rling into the likene.ss of itself, and endowing witli its own pro- 
jn-rties) nutrient material obtjiined from witliout ; (2) its power of 
..■liiiittancous movement, wliich shows itself in an extraordinary variety 
ofuctioiis, sometimes slow and j>rogi‘essive, soiuetiiiies r;i|>id, some- 
tiiiies wavedike and continuous, and sometimes rhythmical witli 
ivii'ula]* intervals of re.st. When examined under a sufUeiently high 
iiijiyiiifyiiig power, multitudes of minute granules are usually seen to 
Ik‘ diflused thi-ough it, wliich have heeii termed ‘ microsomes.’ 
Proto[ilasni, whether lining or dead, has a great [K)wer of aTisorbing 
water; Imt the distinction between those two states is singularly 
iirirked In' its behaviour in regard to any colouring matter which the 
water luav contain. Tims, if ii^•illg protoplasm lie treated with a 
solution (if carmine, it will remain unstained so long as it retains 
it s vitality. But if the protopla.sm he dead, the (‘armine will at once 
|ii'i va(le its whole substance, and stain it tbroughout with a colour 
rvi'U more intense than that of the solution ; lliiis furnishing (as 
was first pointed out hy Dr. Bede) a ready means of distinguishing 
The ‘germinal matter,' or prutoiilasmie compoiTent of the tissues of 
higlu'i- animals, from the ’ formed material ’ whicli is the ino.st con- 
sjiieuous [lart of their structure. 

All tliose minute and .simple foiaus of life with ^vllieJl the miero- 
>(M|ie la'ings us into actpiaintonce cmisist essentially (.)f particles of 
]ir()toii]asui. eacli kind having usually a tolerably dellnite size and 
sliapi'. and showing (at least in some stage of its existence) somo- 
lliiiig distinctive ill its habit of life. And it is ratber according to 
rlic mantiev in wliich thev vps])ectively live, grow, and multiply, 
tIuiu on acoonnt of any structural [)eciiliaritio.s, tliat they are assigned 
to t]if‘ legetable or to the animal kingdom res[)e(’tively. Jt is 
inipossiVile, in the present state of oui' knowledge, to lay down any 
(letiiiitc line of demarcation between the two kingdoms; since there 
i'' im single character hy which the animal or vegetable natui'e of 
any organism can lie tested, ProTiably the one which is most 
geucrally applicable among those that most closely appi'oximate to 
"lie another is not, as formerly ^ujiposed, the ]iresence or absence of 
"liDiitam'Ous motion, but, on the one hand, tlic dependence of tlie 
"I'gaiiisiu for nutriment upon ovfiunk co7n/)outifh ulretvhf fornml 
^vliich it takes (in some way or other) into tlie interior of its body, 

oil the other, its possession of the ]inwer of pvoduvhHf ihe onjanie 
•'OmiKHi/idH wliich it applies to tlie increase of its f:d>ric, at the 
‘■xpciise of the ltwv(j(i/iic edemeuls witli whicli it is supplied hy air 
'Old water. The former, though pmdiaps not an ulmlnlp. is a 
('havaetcristic of the rtucaianangdoiii ; the latter, hnt for the exist- 
ence of which animal lil'e would lie impossible, is ciTtainly the 

vt >i 2 
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/rromluent attribute of the VPijHahh’. AVe sliall fiiHUhatthe^),v,frrr„/ 
(or simplest animals) are supported as exclusively either up,,j, 
other protozoa or upon protoplivtes. as are the highest animals 
the ttesh of otlier animals or \ipon th(‘ products of the vei>-(‘ial,]f, 
kingdom ; ^\■lul^t many protophjtep;, in common \\’ith the iiiu-lnsf 
plants, drau' tlie'n' nourishment from tl»e atmospliere or the wuie)' jj, 
wliich they live, and, like them, are distinguished by their ikjwci- of 
decompo.sing carbonic acid (CO^) luuler the influence of liohi- . 
setting free its oxygen, aial combining its carbon ^vith the cIciik-uts 
of Axater to form the carbohydrates (starch, cellulose, etc.), and wiTli 
those of atmospheric aiiiinouia to form nitrogenous (alhuniii!()i,|i 
cumpoiimls. And \ve .sliall find, moreover, that even sneh praUcvi 
as hav(', neither stomach nor iiiontli reccave their alimeiitarv matte)- 
direct into the vei'v substance of their bodies, in wliich it. malcv- 
goes a kind of digestion; whilst protophutes absorb through theii- 
external surface (aily, and take in no solid jiarticles of any dcNci-jf- 
tiou. With regard to ituAion, wliich was formerly considered the 
distinctive attribute of animality, nm now know, not merelv tlrit 
many protojdiytes ([lerhaps all, at some peiaod or other of theii- lives) 
possess a power of s|)ontaiieous movement, but also that tlie iiistvii- 
iiients of motion (when these can lie discovered) itre of the \ ei-v saim- 
charaeter in tlie idant as in the animal, being little hairdikV iiln- 
ments. tei'ined ciUa (from the Litin '\^•ord c'diuvi, an evelash). >r 
longer wluji-like by whose rliythmical vibrations tlie imdv 

of ^I'hicb they form part is propelled in definite directions. Xln- 
peculiar contractility of tliese organs seems to he an iutensifleaTii.m 
of that of the general protoplasmic substance, of which tliev mv 
special extensions. 

There are certain jilants, liouever, which resemble animals in 
their dependence upon organic compounds pi-eparcd hv otliei- 
organism.s, being themselves unable to (^tfect that fixation of i-arhnii 
by the docom}Kisitiou of the C0._, of the atmosphere, wliieli i> tin- 
fir.st stage in their in-oduction. Hueli isthe (“asp, amollgy>//a/^^»/w/^/;,y.^• 
(floweriug plants), with tlie leafless ‘jiarasites’ which draw tlieir 
support from the tissues of their ‘hosts,’ And it is the ca.se als.*, 
among the lowTr cvypto(i(ni]fi. with the entire group of Vrxoi; 
wlucli, however, in a. large number of cases, de}>eud rather fnr tluii- 
nutritive materials upon organic matter in a state of decomi>osition. 
many of them liaving tlie power of promoting that proce.ss by tlioiv 
zymotic (fermentative) action. Among animals, again, there an- 
several in whose tissues are found organic compounds, such aschlmv.- 
phyll, starch, and cellulose, which are characteristically vegetable: 
hut it has not yet been pro-ved that ypneruip these eom[t(aiu(b 
for 1 heiusel \es liy the decomposition of UO^. 

Tlie plan of organisation recognisable tlu-oughont the vegctalik 
kingdom iiresents this remarkalde feature of uniformity, that tlie 
faltrie, alike in the highest and most complicated plants and in tli<- 
lowest and simplest forms of vegetation, con.sist.s of notliiug elw 
tiian an aggregalinii of tlie bodies termed cdls, every one of wlikk 
(save in tlie forms that lie near the horder-gruuiid between iiniuwl 
ami vcgetahlo life) has its little particle (^f protoplasm enclosed by :i 
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of tine substinice termed cdlulose—w iiou-nitrogojious substaiu-o 
iiL-ntiail in (‘hemi cal composition with .stni'clc Tlie entire mass of 
of wliicli any vegetaVde organism is composed has been geiie- 
I'litcd from one ancestral cell by processes of multiplication to he 
jivesently described ; and the difference between the fabrics of tiu* 
lowest and of the highest plants essentially consists in t Ins, tliat whilst 
the cells produced by the repeated multiplication of tlie ancestral 
of the protophyte are all mere repetitions of it and of one am 
otliercach living hff and for itself, tliose produced by the like multi- 
jilication of t])e ancestral cell in the oak or palm not only remain in 
iininial connection, but go through a progressive “ differentiation,’ 
tlic or4linary type of the cell undergoing various modifications to be 
(lescril>ed in their proper place. A composite structure is tlius 
developed, which is made up of a number of distinct Giigaus’ (stem, 
h'aves, roots, llowors, ite.), each f>f them cliaractcrised Ity sjiecialities 
iKtt merely of external htrm, l:)ut of internal structui-e ; and etu’h 
jicrforming actions peculiar to itself, wlucli contribute to tin* life 
ef the plant as a of ok. Hence, as was first definitely stateil hv 
Sclileulei], it is in the I'tfe-lustory of the iiidlridiMd odl that we 
li]id the true basis of the study of vegetable lif(^ in general, 

AVe have iu)w to consider iji more <letail the structure and life- 
liistorv of the typical plant-cell, and sliall begin by treating of tl»e 
cdl-o-olL Tills cell- wall is composed, as long as the cell is in a 
living state, chiefly of the substance known as celhdose, one of thi* 
group of compounds called ‘carbohydrates,' and bearing the definite 
clicmical composition From a physical jininl of view il 

consists of ]iarticles or toiedko of cellulose surrounded by water. 
In addition to cellulo.se, recent obsei’vations liave sliowii that paiic 
siihstanoes enter largely into flie composition of tla^ wall of tile 
living cell, especially in its early stages. In fungi it is doubtful 
wliether there is anv true cellulose in the (rll-walls. With regard 
t(t tluMiiode of growth of the cell-wall, two hypotheses have f)een 
proposed; one, that it is formed hy apposition, that is, hy the 
constant addition of fresli layers to the inner surface of tlieeell-wall ; 
rile other that it increases by iatassvBception, or the intercalation of 
fresli parti(‘les of (‘ellulose betwemi those ali'eady in e.xistenee, The 
results of modern researclies tend in the direction of the foriiiei* 
iifing tlie moi-e usual process ; but it is probable that the two c<t- 
"perate in producing the total growtli of the cell-wall. 

The contpots of the plant-cell, which may be collectively termed 
the podoplasui (answering to tht‘ 'endosare’ of rhizopuds), or, when 
^tivmgly coloured througliout (as in many the undodd'onw, 

o'li.sist in the first place of an outer layer of pi'oto])lasmie substanc<‘ 
railed t\\(i rdiplm'in ^priiaordUd otr'aip, ov parktal idrick. Tliisisan 
'■xtreinely tliiii and <lelicate layer, so that it escapes attention so long 
ri'T it remains in contact with the cell-wall ; and it is »»iily brouglit 
into view when sepa]*ated from tliis, either by <levelopiijeiitai changes 
(fig. f-Lo), or hy the influence of reagents wliieh cause it to con- 
Bact hy drawing fortli part of its (‘(.mlents (fig. 41-3, C). It is not 
diarply defined on its iiitenial fice, but passes gradually into tin* 
'•aier iiias.s of protoplasm, from which it is chiefly distinguisliable by 
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the iibseneo of granules ; anil it is sliown bytlte elierts of refigt;iitsT.> 
have the (dhimlnons t‘Oiiipc>siti(tu of protoplnsiu, it may iIun Ur 
regarderl as the sliglitly condensed external film of the l>rotopl;iMjii(. 
layer with which the inner surface of the cell -wall is in contact ; hti.! 
it c-sseutially corresponds to the ‘ ect(’isarc ’ of or any talu'i- 

rhizoi)od. idie ‘ ei‘tt)plasin ’ and ' cellulose wall ' can he readily dis. 
tingiiished from each other by chemical tests, and also In- the action 
of carmine, whicli stains the [)rotoi)lasmic substance (when dead) 
without affecting the (;ellulose wall. The further contents of tlieci-ll 
consist of a, w atery fluid called cell sap, which holds in solution >ugiv, 
vegetable acids, saline matters, An*. ; the peculiar body teiniod i]i,. 
nndens', ami chlorophyll coi-puscles (enclosing starch gramdo). 
oil particles, Ac, In the young state of the cell the whole cavitv 
is occupied by the ])roto[ilasmie substance, wdiicli is. however. vi>cid 
and granular near the cell-wall, but more watery towards the intrrior. 
AVitii the enlargement of the cell and the imbibition of water. cle;ii- 
spaces termed v<in(oles, filled with watery cell-siip, are seen in thi‘ 
protoplasmic substance; and these progressively increase in sizt* and 
number, until they come to occupy a considerable portion of the 
cavitv, the piadctplasm stretching across it as an irregular iietunvk 
of bands. Each of the vacuoles is enclosed in a very deli(‘ntc cih!- 
tractile membrane, the tovoplasL AVheii, as usually hap[iens. tlir 
nucleus lies iiiil.)e(l(led in the outer protoplasmic layer, these hands 
are frradiiallv withdrawn into it, so that tlie separate vacuoles niiiTe 
into one lai-gc gcnei'al vaeiude whicli is filled witli watery c(dl-si]». 
But where the iiueleus is situated nearer to the centiv of tlie cell, 
part of the ])rotoplasm collects around it, aiid hands or threads nf 
protoplasm stretch thence to various parts ot the parietal layer. It 
is hv the contractilitv of the ])roto]dasnLic layer that the enrinn- 
‘cvclosi,s‘ hereafter to he descriheal is carrieil on w'ithiu the platit- 
cell, -which i.s the most interesting tn tlie iiih-roseopist of all its 
manifestations of vital activity. The ‘avdeas is a small Ixidy. 
usually of lenticular or subglo'bose litrm (fig. 41 d. A, a), aiicl o! 
albuminous composition, that lies imbedded in proto]dMsinic snh- 
stance, eithei' close to tbe (>ell-wall or nearer the ceutie of tlie 
cavitv. (Jells containing a number of nuclei, or ‘ ui idtia tidpaUd reVi^. 
are not nncoiimion. They occui', for example, in many alga', in tlu* 
‘snspensm-' and ‘ emhryo-sae ' of tlie ovule of phanerogams, .-md in 
the ‘latieiferous’ tube.s. Within the nucleus are often seen onc ui- 
moi-o small distinct particles termed audeoh (fig. 41 ‘h A. h), whicli 
can he best di.stinguished by the strong coloration they recei>e fmri 
a twenty-four hours’ imiiiei-sion in carmine, and sub.se(pient wasliiiig 
in water .slightly acidulated with acetic neiih Though in some j)omt> 
the precise function of tlu^ nucleus is still unknown, there can he no 
doubt of its essential relation to the vital activity of the cell, at lea^t 
m all the liigher plants, although in the cells of some of the hnver 
crvplogams it has not at ])resent been distinguished with ccrtaiutj 
at anv stai-'e of their existence. In the nucleated cells winch 
exhibit ‘ cvclosis,’ it mav be oliserved that if the nucleus i;ciuam> 
attached to tbe cell-wall it constitutes a centre from 
])rotoplasmic streams diverge, and towliichthey relurn, wo. i 
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jt vetaiiif! its freedom to wander about, the course of the streams 
Iters in conformity with its position. Uut it is in the imiltiplication 
of cells by biimry subdivision, which will be [(resontly described, that 
tlic s{)ecii\UtY of the nucleus as the centre of the viUd actiriUf of the 
cdl is most atronglv mauifested. The chlorophyll cor p ancles^ which 
;ii'c limited to the cells of the parts of plants :ictod on by light, are 
Specialised particles of protoplasm through which a green colouring 
oiatter is diffused ; ami it is by them that the work of decomposing 
C( t). and of ^ fixing ’ its carlxm by union with ilu! oxygen and hydrogen 
of water into starchy is effected. The characteristic green of 
chlorophyll often gives place to other colours, which seem to be pro- 
dnceil from it by chemical action. Starch are always formed 

in the first instance in the interior of the chloropliyll corpuscles and 
(.radiudly increase in size until they take the places of the c(»rpiiscles 
that produced them. So long as they continue to grow, they are 
always imbedded in the protoplasm of tlie cell ; and it is only when 
fully formed that they lie free within its cavity. 

But although these component parts may be made out without 
any <lilticulty in a large proportion of vegetable cells, vc't they cannot 
he distinguished iii some of those humble organisms which are 
neaivst to the border-line between tlie two kingdoms. For in them 
we find the ‘ cell- wall' very imperfectly differentiated from the ‘cell- 
contents;’ the former not having by any means the firmness of a. 
[lerfect membrane, and the latter not pos.sessing the liquidity which 
elsewhere (‘haraeterises them. Ami in .some instances the cell is 
represented only by a mass of endoplasm, so vi.'^cid as to retain its 
external form without any limiting membrane, though the superficial 
layer seems to h;ive a firmer consistence than the interior substances; 
and this may or may not be surrounded by a gelatinous-looking 
envelope, which is equally far from |)ossessiiig a membranous firmness, 
and yet is tlie only representative of the cellulose wall. This viscid 
eiKl()[»la.sm consists, as elsewhere, of a colourless protoplasm, through 
wliicli minute colouring [larticles may be diffrised, sometimes iini- 
forinly. sometimes in local aggregations, leaving parts of the [iroto- 
}ilasm uncolourcd. The superfieial layer in ^lartieular is frequently 
destitute of colour ; and the partial solidification of its surface gives 
it tlie character of an ‘ectoplasm.’ Such individualised masses of 
|irotoidasm, destitute of a true cell- wall, ha^e suinetiines been 
termed ‘ primordial cells.’ It is an extremely curious feature in 
die cell-life of certain }>rotoph>ies that they not only move like 
iiiihnaicules by cilia or fiagella, but that they exhibit tbei'hytlmiic.ally 
contracting vacuoles wliicb aj'e specially cbaraeteristi<' of protoioic 
oiganisius. 

fin* as we yet know, every vegetable cell derives its existence 
frain ;i pre-existing cell ; ami this derivation may take place (in the 
ordinary process of growth and extension, as distinguished from 
‘sexual multiplication*) in one of two modes: cither (1) hiiHiry 
of the ])a rent- cell, or (’2) fref’ cell forinaiion within the 
i'fiV(‘ut-cell, The first stage of the former process consists in the 
eloiigutiun and transverse constriction of tlie nucleus; and this con- 
driction beeomos dee})er and deeiier. until the nucleus divides itself 
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into two lialve-s (fig. 413, B, a, a'). The.se then sopai-Mting tV.jj,, 
i nch other, the endopk^sm of the pnrent-cell collects round tlic 
new centres, so as to divide itself into two distinct masses ((!,(/. ,('y^ 
and hy the investment of these two secondary ‘endoplasms' wiili 
^•(‘lliilose-walls a complete pair of new cells (D, a, a') is foi 
within the cavity of the parent-cell. The proces.s free-cell for„„i 
tion is always connected, directly or indirectly, with a })rocess .,f 
reju'odiiction rather than of growth, and takes two different forms, 
file (»iie occurring in the production of the ‘ zoospores ’ or * swavm- 
spores’ of algfe, 'the other in the formation of pollen-grains, rm of 

the ‘endosperm’ witliin 



Fio. 413 . — Binanj isuhtVf viaion of cdh in enrlo- 
si^eiui of seed of senrlft-nmner : A, ordinaiy 
cell, with nucleus a, mid nucleolus t, imbedded 
in its protoplasm ; U, cell showing subdivision 
of nucleus into two halves, a and o'; C, cell in 
same stage, showing contraction of endoplasm 
(produced by addition of water) into two sepa- 
rate masses round the two segments of original 
nucleus; D, two complete cells within moLber- 
cell, divided by a partition. 


the emhtyo-sae of flow erin^r 
plants. In tlie former 
case, the endos})ei‘m, in- 
stead of dividing itself into 
t'wo halves, usually breaks 
11 [) into numerous segments 
correspomling wiili one 
anotlier in size and Ibvni, 
each of whicli, esenpinu 
from the jiarent - cavity, 
becomes an imlepeudeiit 
cell, without any investing- 
cell- wall of cellulose, lientv 
a ‘ primordial cell,’ on 
dowed with a power of 
rapid motion by means <it' 
cilia or flagella. In tlie 
second ease the eudopla.sin 
groups itself, more or less 
coidpletely. round several 
centres, each of whicli ]i:i> 
its o\vn nucleus, formed by 
.subdivision of the luicleii'- 
of the parent cell ; ami 
these secondary ctdls. in 
various stages of <le^'elo]i 
meut, lie free within tlic 
cavity of the pu'ent-cclS. 
imbedded in its residual 


endoplasm, each proceeding to complete itself as a cell by tbe 
formation of a limiting wall of ccllullose (fig. 414). a ’luav 
generation’ iu any pkct/HicvoguT/uc plant has its origin i^ 
fertilisation of a highly specialised ‘ germ-ceir (contained witbiii 
the ovule) by the contents of a. ‘ sperm-cell ’ (the pollen-gi‘:*iy). 
so do we find, among all s;ive the lowest crupUxjmm,^ a._ pim isiaii 
for the union of the contents of two highly .specialised c<. >• 
the ‘germ-cells’ being fertilised l>y the access of motile prot"- 
plasmic bodies (antherozoids), set free fi'om the cavities of t >c 
‘ sperm-cells ’ within which they were developed. But altlioiig ! 
the sexual process can be traced downwards under this form mta 
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tlif iiToup of thrtllopliytes, we find finiong the lower types of that 
>av>iip a yet simpler mode of hvinging it about ; for there is strong 
p,.;i>ou to regard the act of ‘conjugation’ which takes place in 
jjp. Oonjugatie and in some fungi in the same light, and to lot>k 
upiii tlip ‘ zygosj)oi'e/ ^ which is its immediate product, as the 
,,1-iuiiiator (like the fertilisetl embryo-cell of tlie plianerogamic seed) 
„f M ' new generation.’ 

(I rent attention 
]uis recently been 
|,aid by Strasburgev 
;nid others to the con- 
stitution of the endo- 
[ilitMU and to the 
jii-ncesses connected 
with cell -division. On 
liotli these subjects it 
is impossible here to 
i^ive more than the 
Ijiirest outlines. Stras- 
I luriTor distinguislies 
lietweeii the following 
(liirereiitiated parts of 
tlio proto{>lasm of the 
living cell : - The 
[ii'dtoplasm outside the 
nucleus he terms the 
njtoplmni \ the portio]i uliich cmistitutes the nucleus is the 
iV’dpjjplmhi', that v\hich enters into the composition of the 
cliloniphvll corpuscles and other allied substances is tlie droMaio- 
l>km. Each of these three poi'tions of protopla.sm is comj.K)sed (d' a 
liy.-iline matrix or /npfJoplasiu and of imbedded granular structum^s 
(•r microsoiim. A distinct substance, known as absent Irom 

rlie cvto[ilas]n, appears to enter into the composition of tlie nucleus. 
The v;trious substances imbedded in the cytoplasm are known undeo- 
die general name oi plastids. If colourless, they are knefjplasLspMid 

' The term ‘ sporu ’ has ht-en long used hy cryptogaiiiists to designate the iniiiute 
vi'prodiK'tive particles (such astlio.se set free tlie ^ fructification ’ of ferns, mosses, 
it’u.i wliicli were sujiposed — in flic absence of all knowledge of their sexuai relations 
1" he the erjuivaleiits of the seeds of flowering plants. But it is now known that sucli 
Spores ’ have (so to speak) very different values in different cases, being, in by far tlie 
iiir^cr iiro[M)rtion of cryptogams, but tlie remote desee ndants of the fertilised cell wliicli 
' die iiuinediftte product of the sexual act under any of its forms. This cell, which 
■'vil! lie distinguished throughout the present treatise as the (Mixjjhcve. is the real rupre- 
semativeof the ‘germinal cell’ of the ‘ enibryo ' developed witliin the of tin* 

anting plant. On the other liand, the various kinds of non-sexiiaJ spores emitted 
hyoryptogams, which liave received a great variety of desigmitions, are all to be 
ogiirdefl (us will be presently explained) as equivalents of tlm Jvitf-bmis of flow(*v- 

plants. 

^ The different interpretations placed upon the term ' spore ’ and its derii atives by 
'idki'ent writers on cryptogainic botany present a great difficulty to tlie t-tudent. A 
'rik'i j,! it terminology for the one followed hero is now employed by some of the best 
iunhdi'ities ; but, in order to avoid the gi'eat alteration in the use of terms which 
•nmld otherwise be necessary, it has been thought best, in the jnesent edition, to 
’'.'fid)] Dr. Car[)eiiter’s terminology, at all events until a greater agreement lias been 
m-ued at than is at present the case. Kn.] 



Kj(i. 414.— Successive stages of fonnatioit 

in embryo-sac of seed of scarlot-rnniicr ; n, r/, rr, 
completed cells, each having its proper cell-wall, 
nucleus, and endoplasm, lying in a protoplasmic 
mass, through which are dispersed nuclei and cells 
ill various stages of development. 
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these nre the sj)eci;il sejti of the formation of the stareli if 

coloured they are chmmoplasts or chroinaio'phore.s^ the origin i,j' t)[, 
various colouring matters of tlie cell ; those which give Ihrtli T'j r) ' 
chlorophyll corpuscles being distinguished by the special term 
plasts. Minute bodies termed physodas, endowed with an aiiifi-|„,i|| 
motion, have been observed within the protoplasm filaim-iu.s. 
some of the lower plants, ut present exclusively in the grt^eii 
there are found within the clilorophyll cor[)uscles homoi'-tMicniis 
[irotcid suhstancf's known as pyrenokU\ they are often surroinKk,] 
by starch grains. 

The division of the nucleus may take pla(;e either directlv. whei) 
the process is known i\‘^ fraiimmiation. or indirectly, when it is kiiciwii 
as mitosis or karyokhmis (see fig. 415). In the proces.s of imlirrcr 
division, the protopbrsm of which the nucleus is eomjiosed 
a great variety (if chaiigHs, in the course of whicli it assumes tlu- 
beautiful appearance known as the nadear sphulU^ consisting of aij 
(‘(piatorial disc, the nmlmr plate,, and delicate splndk Jihrs wliidi 
converge towards tlm two poles of the spindle. Apywu’entlv con 
ueeted with the process of cell-division are the peculiiu* bailic.s 
known as c^nieospkeres,, dh'ed.iny splwres, or atiruethuf spheres, ('(ivu'- 
sponding to similar bodies found in animal cells, hut at pi-est'iit 
detected only in the lower forms of vegetable life. They form twn 
small homogeneous spheres lying near the nucleus, one on eneb siili' 
of it, and imbedded in the cytoplasm. Each ccntrospliere has in it> 
centre a body torinedthe centrosoine,, coinynjsed of one or more small 
granules. To follow out all the ytrocesses of karyokinesis rotjuiivs 
very high magnifying powei's of the microscope, great skill in inaiii- 
])ulation, and the use of very delicate staining reagents. 

Tlie older concepliou of the vegetable C'ell regarded it as a ceni- 
y>letely closed vesicle, the endoyfiasm of whicli is entirely shut ail' 
from contact witli that of the adjacent cells. Recent ohservntion> 
rc(yuire the modifieatinii of this conceyfiio]!. It has been.^liown tliat 
ill many cases tlie cell- wall is perforated by very minute orifices 
through whieh exces.sively fine strings of yirotoyjlasm yiass from one 
cell-cavity to aiiothei' (fig. 41(1). This covthmity of proto fdasin lnt> 
been observed in some seaweeds and other algag in the endo.'siierin 
of the ovule, in the ymlvinus or motile organ of the leaves of tin- 
sensitive ]dant, and in manv^other instances, and is vegardel by 
some autliorities as probably a universal yihcnonieuon in living fclb. 
In the case of the .'^en.sil ive ydaiit it is undoubtedly connected willi 
tbe remarkable phenomenon of sensitiveness or iiTitaVnlitydisyilaycd 
bv tlie leaves. 

In the lowest forms of vegetation every single cell is not only 
caymble of living in a state of isolation from the rest, hut ev'' 
normally does so; and tluis the ydant may be said to be Htikellidio'. 
every cell having an independent ‘ individ'uality.’ There arcotbeis. 
again, in ^\ Inch amor pi ions masses are made uy) hv the aggregation 

of cells, wliicb. tlH>ugIi quite cay»able of living indeyieudcntly. rci'rmi 

attached to each other by the mutual fusion (so to speak) <4 H‘e'r 
gelatinous investments; and there are others, moreover, in wldcli-i 
definite adlicsion exists between the cells, and in which regnta 
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stmctiii'RH are thus fovmeH, notwithstaudiug that every 
irll is hut a repetition of every other, ami is (-apaljle of living iude- 
jK-mleiitly if detached, so as still to answer to the designation of a 
Mtiiirellular' or single-celled plant. These different conditions we 
dial! hud to arise out of the inode in wliicli each particular species 
iiiuliipht^s^ by binaiy subdivi.sion ; for where the cells of the new pair 
that is produced by divi.sion of the previous cell undergo a complete 
siparation from one another, they will henceforth live iiidepen- 



‘Iriitly; Itnt if. instead of undergoing this complete fi.^sion. tltey are 
lield together by the intervening gelatinous (‘iivelopc, a .sliapcloss 
iiiass re.siilt.s from repeated subdivisions not taking plaee on any 
'h-levininate plan ; and if. moreover, the binary .subdivision always 
takes place in one direction only, a long. naiTow filament (tig. 424, 1)), 
'''■ it ill two directions only, a broail. hat, leaf-like expansion {(5). 
liiay ]h‘ generated. To .such extended fabrics the term ' unicellular ’ 
jila tits can scarcely be applied witli propriety: .since they may be 
’uilt ii]p nf many thousands or millions of distinct cells, which have 
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no disi)()sitiou to sepaviitc from eadi other spoiitoneously. 
they corrosixoid ^vitli those whidi are strictly unicelUilar, as t., t1>,. 
<fbshtce of dl^ereniiatlon, either iu structure or iu fuuctiou. beT\\H*ii 
their coinponent cells, eiU'h one of these l)elug a repetition nt i]i,. 
rest, and no relation of iniitual dependence existing among tIkhi; 
and all such siinple organisms, therefore, may still he iiuhiileil 
under the general term ot Thallophytes. 

Excluding lichens, for the reasons to be stated hereafter, hnrnnists 
now rank these thallophytes under two series: — algce, which fni-m 
ehlorophyll, and can support themselves upon air, water, and niiiu-nil 
matters; ami fungi, which, not funning chlorophyll for tliemsehv-s. 
depend for their nutriment upon materials drawn from other oig:iir 
isms. Each series contains a very large variety of forms, which, 
wdien traced from below* upwards, present gradually increasing 

pi exities of structuic ; 



Fie. 410 .— Coulinuity of pi'otoi>la«n. (Fromtmes’s 
' Physiolo^ry of Plants.’ Cambiidge University Press.) 


and these g editions 
show* themsclvesesiic- 
cially intheprovisions 
made foi' the geiicia- 
tive process. Tlni.'^.in 
some fm-ms, a ‘ /.yivo- 
spore" is pntdnced by 
the fusion of the mi) 
tents of two cells, 
whiidi neither })i'C>cul 
anv apparent .sexual 
difference the niu* 
from the other, nor 
can he distinguislu'il 
iu any way from die 
i-est. In the next 
highest forms, while 
th e ‘ oonjugatiiig ' eetl> 
are still apparently 
undifferentiateil fnaii 


the re.st of the structuiv, a sexual difference .shows itself between 
them; the contents of one ceil (male) pas.sing over into the cioU 
of the other (female), within whirh the -zygospore^ is lorme . 
The next, stage in tlie ti, scent is the resolution of the coiiteiit^ 
of the male cell into motile bodies (• antherozoids ), w'hicb, eNcajuny 
from it, move freely tlirough the water, and tiiid their wiy a 
the female cell wdiose content,^, fertilised by coalescence wit 
material they bring, form an ‘oospore/ In 
stage, again, the generative cells are not distinguish.o^ 
vest until the contents begin to show their clmracteristica \ ^ 

aspect; Imt in the higher they are developed in special oi,a^- 
comstitiiling a true ‘ fructificatioi).’ Tins must, . p,. 

liiiguished from organs which, though commonly spoken ‘ ^ 

‘ fructification/ liavc no real analogy with the to 

of floweriiig plant, s, their function being merely to gne d 
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,juiii<U(d^ rells or groups of cells, wliicli simply raidtiph) the parent 
^teck, ill the same manner that many lowering [)laiits (such as the 
{Mirato) ean be propagated by the artificial separation of their leaf- 
juids. If frequently happens among cryptogams that this (jonidUd 
tViictifi cation is by far the more conspicuous, the aexml fructificn- 
jion being often so obs(uire that it cannot he detected without 
ffrc:it diliicnlty ; and we shall presently see that there are some 
Uiallojjhytes in wliich the production of yrmids seems to go on 
indefinitely, no form of sexual generation hrn ing been detected 
ill them. These general statenieuts will now he illustrated by 
sketches of the life-history of some of those humble tlmllophytes 
which present the phenomena of eell-divisiou. conjugation, and 



gaiidial multiplication, nuclei- their simplest and most iiistruetive 
aspect . 

The first of these lowly forms of life to which \ie call the 
atTcution of the reader is Paimuylmi mucrocomi. Ktz./- luie of 
tliiise Imiuble kinds of vegetation which spread themselx es as green 
slime over damp stones, walls, dx', AVhen this slime is examined 
ivith the mieroseope, it is found to consist of a multitude of green 
cells (llg. 417, A), eaclisuiToiinded by a gedatinnus envelope; the cell, 
vhich does not seem to have any distiiu-t membra nous wall, is filled 
vvith a granular ‘ endoclirome,’ consisting of green [)articles diffuscal 
tlinnigh colourless protoplasm ; and in the midst of this a nucleus 

' tile term (u'ijfivially applied to certain i^reen cells in the lichen-crusts 

tliiit are capable, when detaclLecl. of reproducint; the ve^xdable portion of the i>l-,nit, 
is Used by some writers as a dc'si”:natioii of the mm-scMomf Hpm-fi of cryptoartms 
ueiieniily, winch it is very impovtaiil todis<*riniinatH from the ,<;ciiitati\ e ‘ oiisijlieres.' 
It piiK>essed nf niodle powers, they are spoken of as ' zoilspores,’ or sometimes !on 
■icc'iniit (if the appearanre they present when a number are set free at once) as 
swiin!i-j;p(ii,'es.’ I’l eoiiti'iulistiTiction to ‘ motile ’ gonids or ‘ zoiisptvres,' tliosc whicb 
•■liuw 110 movement are often termed resO' /pc spores, or hi/jiitunf/orea; but sneli jnay 
w eitlicr sexual or non-sexiial f/dnida, tlie latter, like the former, often 

^la-ystuig’ tlicraselves in a firm envelope, and tlieii remainiiif; dormant for long periods 
"Uiiue. 

, ' :i[(ist of the species of Kiitzing's genus Prihuoglwa arc* now regarded asbelong- 
'-s t(j (lie I)rf=mi(da(r((‘, and are included under the genus ! 
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iiiiiy sometimes be distinguisheil, and can always be bi’ou^rlsi 
view by tincture of iodine, wbicb turns the ‘ endoehronu. ' t,, 
brownish hue, and makes the uuclens ((i) dark lirown. Othi-i- 
are seen (B), which are considerably elongated, some of 
l)eginning to present a sort of hour glass contraction a<'Vos> tin* 
middle; and when cells in this condition are treated with tuutuiv 
of iodine, tlm nncleus is seen to be undergoing the like elonuati,,]! 
and constriction (H). A more advanced state of the pi'(K-iss i,f 
subdivision is seen at C, in which the constriction has proceeilcd to th,. 
extent of completely cutting off the two halves of the cell, as 
the nucleus (I), fromcac>h other, thougli they still remain in imiuud 
contact; in a yet later stage they are found detached from caoli 
other (i)), though still included Avitlun the same gelatinonscnvi/lopi-. 
Each new cell then begins to secrete its own gelatinous euvelo}n‘, >„ 
tliat by its intervention the two are nsually soon separated frmn 
each other (E). Sometimes, however, this is not the ease, the 
process of subdivision being (piickly repeated before there is tiiiirfoi- 
the production of the gelatinous envelope, so that a series of (rl!'; 
(E) hanging on one to another is produced, ddiere appears to In* an 
detiuite limit to this kind of multiplication, and exteusi\'r ;irt.*;c^ 
may be quicklv covered, in circumstances favourable to the growtli 
of the [)lant, by the ja’oduets of the binary subdivision of oin- 
original cell. Tliis, as already shown, is reallv an act of 
which continues indetiuitely so long as nioistui'e is abundant Miid 
the tom])eratnre low. But under the ii\fiuence of heat ami di vinss 
the process of cell multiplication gives place to that of ‘ eonjugatioii.’ 
in which two cells, apparently similar in all respects, fuse togctlicr 
for the }n-oduction of a ‘ zygospore,' which (like the seed nf n 
dowering plant) can endure being reduced to a (quiescent state fov 
an unlimited time, and may be so completely dried u]> as to smn 
like a particle of dust, yet resumes its vegetative activity wlieiirvrv 
jdaced in the ('.nulitious favourable to it. The conjugating jaoci-'- 
conmiences bv the putting forth of protrusioiLs from the Ixuiudavifs 
of two adjacent cells, winch meet, fnse together (thereby showinj:- 
the w’ant of tirmiiess of tlmiv ' ecto])lasins'), and form a coimrcting 
bridge between their cavities (K). The fusion extends before Inn;' 
through a large ])art of the contiguous sides of the two cells (L): 
and at last becomes .so conijdcte that the combined juass Qi) slutws 
no trace of its double origin. It soon forms for itself a. firm ccllaluM' 
envelope, wliicli l)ursts when the ‘zygospore’ is wetted; and tIjc 
contained cell liegiiis life as a tieir- (/eiteratioit-. speedily midti])lyin;. 
like the former ones, bv binary subdivision, it is curious to obsevm 


that during this C(niijugnting proi'ess a |)roductiou of oil 
takes ]dar‘e in tlie cells; these are at first small and <list 
gradually become lai’ger and ap])roxiiuate more closely toem 
and at last coalesce so as to fiu-iu oil-drops of various sizes. 1 
granular mutter disja[)peaving ; and the colour of tlu* cm 


p;U-fit‘lr> 
taiil. liui 
cdi other, 
iir given 
njilgiiTi'il 


bodv changes, with the adA'ance of this process, from green ton li; n 
ycliowi.sh brown. When the zygo>;|X)i'e begins to vi'gotatc. "ii the 
other hand, a converse cluinge occurs; the oil-glohules disnpprni. 


and green granular matter takes their place, 
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[f this (as seems probable) constitutes the entire life-cycle of 
it affords no example of tliat curioiis ‘motile’ stage 
\vliirh is exlhbited by most algal j>rotopliytes in some singe of their 
,„^is 1 ence, and -which constitutes a huge jiart of the life history of 
j]n. inimite unicellular organism now to be described, ProtOCOCCUS 
pluvialis, Ktz. {Chhmydococcas plavifdis, A. Jir.) {%. 418), whicli 
lint uncommon in collections of rain-water. Xj)t only lias this 
|,i-(iTo)>hyte, in its motile condition, been very conn non! y regarded as 
;ni ;iiiimalcide, but its different states have heeii describetl under 
different names. Tn the first place, the cUoiU' of its cells 
varies considerably ; since, althougli they are usually green at the 
|icriod of their most active life, they are sometimes red \ and their 
ivd form has received the distinguishing appellation of Honuilo- 



Fi(i. ils. — Development of Trdfiu-orrus jihivlitHs- 


KKtita. Very ctmmiouly the red colouring matter forms only 
;i ventral mass of greater or less size, hating tlie appearance of 
a miclous (as sliown at E, fig. 418); and sometimes it is reduced 
'<> a single gnniiular ])oint. which lias lieen described by Professor 
Kliiviiberg as the ryf-spot of these so-called animalcules. It i.s 
'jiiite ceitaiii that tlie red colouring substance is very nearly related 
!fi its cliemical character lo tlie green, and that the one may l>e 
oaivertod into the otlier, though tlie conditions under which this 
univeision takes [dace are not [precisely known. In the 'still ‘ form 
“t tlie cell, with whiHi we may eommetice the liistory of its life, the 
'■laluplasm consists of a colon-i’less [)i'i>toplasni. through which red or 
coloured gran ule.s are more or le.ss unifonnly diffused ; andtbe 
^"i-face of the colourless protojdasm is condensed into an ectopla.sm, 
^dikdi is surrounded by a tolerably firm celb-wall. consisting of cellulose 
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(u- of some nuMlificatioii of it. • Outside this (as shown ot A.), wh,.,, 
tlie ‘Still’ {‘ell is formed by o change iu the condition of a cell i!„t 
liiis l>eeii previously Onot lle.’ we find another envelope, whicli h-cuis 
to he of the saioe iialiirc, but which is separated by the iiit{Mp) Kirin]) 
of nqueo\is lluid ; this, however, may be altogether wantiii;/, 'fh,. 
multiplication of the ‘ still ’ ceUs by subdivision takes place ..s j,, 
PalmoiiUm, the endoplasm first undergoing separation iiun t\vo 
halves (as seen at B), ami eacli of these halves subsequently devcltpiufr 
a cellulose envelope around itself, and undergoing the same dixtslun 
in its turn. Thus two, four, eiglit, or sixteen new cells are succ-s- 
sively produced; and these arc sometimes set free by tlie c{)inj!]ete 
dissolution of the envelope of the original cell; but they are lanie 
commonly held together by its traiistormation into a gelatiiioiK 
investment, in which they remain imbedded. Sometimes the eml.i- 
plasm subdivides at once into four segments (as at D), of which cvei-v 
one forthwith acquires the character ot an independent cell; lait 
this, although au ordinarv method of inultiplication among tlie “nin 
tile ' cells, is coiiiparatively rare in the ‘ still ’ condition. Sometimes, 
aaaiii, the endoplasm of the ^still’ form subdivides at (mco int.. 
end^t ' portions, which, being of small size, and endowed witli motile 
pm\er, may be considered as zoospores. As far as the complete lite- 
liistory o{ \Protococci>s is at piesent known, some of these 7 ,()us|miiv> 
retain their motile powers, and develop themselves into the oidimrv 
‘motile’ cells; others produce a firm cellulose envelope and becoiiir 
‘ .still’ cells ; and others ([lerlmps the majority) perish without mu 
fnrther change. 

When the ordinary division of tlic ' still ’ cells into two seglm‘llt^ 
has been repeated four times, so as to produce sixteen cells— and 
sometimes at an earlier period — the new cells thus produced assimie 
the ‘ motile ’ condition, being libei'ated before the develnpmeut of tin* 
cellulose envelo]ie, and becoming furnished witli two long vibmtili- 
flagella whicli seem to he exi.ensioiis of the colourless protoida>iii 
laver that accumulates at their base so as to form a sort of tiMii>’ 
parent beak (H). In this condition it seems obvious that the colour- 
less iirotoidasm is more de^'eloped relatively to the coloiiiing mattei 
tlmnit is in the ‘still’ cells; and it usually contains ‘vaciiolis 
occiniied onlv bv clear aqueous fluid, which are sometimes s' 
iiumerou.s as to take in a large jiart. of the cavity of tlie cidl. so that 
the coloured (‘oiitents seem only like a deposit on its walls. Iktniv 

long this Anntile’ cell acquires a peculiar saccular in vestineul.^vhirli 

seems to correspoml with the cellulose ein’elope of the ‘still crllN 
luit is not .-so firm in its consistence (I, K, L) ; and between thisfit>< 
tlie surface of the ectoplasm a considerable siiace iiiterveiics tni^ 
versed bv threail-like extensions of the latter, which are remeio 

more distinct bv iodine, and can lie made to retract bv means '' 

reac^ents. The' flagella i»ass through the cellulose envelope, winru 

invests their base witli a sort of sheath, and in the 
within this sheath no movement is seen. During the J' 

the ‘ motile ’ cell tlie vihratioii of these flagella is s{) capid la . 
can lie reoognise<l only by the currents the v produce ^ 
through wliich the cells arc quickly propelled : hut when tlie nintan 
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slacker the IhigcUa themselves are readily distinguishable, 
-hey may be made more (d)vious by the additioii ot‘ iodine, which! 
iin;u'ver, it should be noted, always kills the plant. 

Tbe midtiplientioii of these ‘motile’ cells may take place in 
^:,nous nuKles, giving rise to a. great variety of ajjpearances. 8ome- 
fiiia's they undergo a regular binary siilxli vision {B). wherehy a pair 
of luotile cells is prcxlueed (C),eac*h resembling its single predecessor 
in ])osscssing the cellulose investment, tlie transparent beak, and the 
viliratile flagella, before the dissolution of the original investment. 
Sauethues. again, the contents of tlie original cell undergo a sc"- 
iiiriitatioii in the first instance into four divisions (T)); winch mav 
citlu'C become isolated by the dissolution of their envelope, and ma'v 
H-parate from each other in the condition of ‘ free primoidial (rells ’ 
((I), developing their cellulose investments at, a future time or 
may acquire their ccdlulosc investments (as in the pi-eecdin*^ case) 
Itrtbre the solution of that of the' original cell ; while sometimes, 
cwii after the disi^ppearanee of this, and tlie formation of their own 
independent investments, they remain attached to each other at their 
lieaked extremities, the primordial cells being connected s\'ith each 
nrlier by jtednncular prolongations, and the whole compound body 
haviiig the form of a +• This quaternary segmentation a])pears to 
lie a more frequent mode of multiplication among the ‘motile’ eelLs 
than the subdivision into two, although, as wt have seen, it is less 
(•(inimoii in the ‘still ’ eonditioii. So also a primary segmentation of 
tiie entire endochrome of the ‘ motile ' cells into eight, sixteen, or even 
tliirty-two parts, may take pla(*e (E, F), thus giving rise to as many 
miiuite gonidial cells. These, when set free, and possessing active 
jiowers of movement, are true zoospores (G) ; they may either develop 
!i loose cellulose investment or cyst, so as to attain the" full dimensions 
cf the oi-diiiarv motile cells (I, K), or they may become clothed with 
a ilen.H‘ enveloj)e and h)se their flagella, thus passing into the ‘still ’ 
oinditiou (A); and this last transformation may even take place 
lielbre they are set free from the envelope v\ ithiii which they were 
|irodiiced, so that they constitute a mulberry -like mass, which fills 
the whole cavity of the original cell, and is fcpt in motion bv its 
tlagella 

lu^what extent Protocoeem is an aiilimomous organism is still 
'Guiithd, but it appears to be move or less closelv connected with 
tiiaiiy forms of life which have been described, not merely as dis' 
tmet- but as distinct (jenmi of animalcules or of protoph vies, 
^uch as Chlamudomonas, Kiujlena. Trachlomonm^ G>jycs, Goniuin, 
noKhwiiia, Botrj/oci/dis, Cvella, Symrypta, MonaH. Astasia, Bodo, mu] 
itmny others. ^ Certain forms, such as the ‘ motile ’ (‘ells I. K. L, 
'Tpeav in a given infusion, at first exclusively and then principally; 
they gradually diminish, become more and more rare, and finally 
‘hs;i|ipe;ir altogether, being replaced by the ‘ still ’ form. After 
Haiietmie tln^ number of the ‘motile’ cells agjun increases, and 
K'aclips, as before, an extraordinary amount ; and this alternation 
iii.p; )tf repeated several times in the course of a few weeks. The 

‘'‘'"‘^t^tenteticni is often accomplished with great rapidity. 

'* ’'‘'’*ibpr of ‘ motile ’ cells be transferred from a larger glass into a 



54^ MICROSCOPIC FORMS OF VKOKTABLE TlFE-THALLOP]i , : 


.smaller, it, will be found, after the lapse of ii few hours, that m |,j- 
tluun have siibsirled to the bottom ; in the course of the day . i„.y 
will all be ol).served to be upon the point of subdivision; cm 
following morning the divisional bi'ood will liave become quit.* C,.,.- 
and on the next the bottom of the vessel will 1^ found eoveret! 
n new brood of divhling cells, which again prm'eed to the f ijs];,. 
t ioii of a new brood, and so on. The acstivity of motion aii.i tIk-. 
activity of multiplication seem to stand, in some degi’oe, in 
of reciprocity to each other ; for the dividing process tabes 
with greater ra[ddity in the ‘ still ’ cells than it does in tlie ‘ luoiii,.; 

Wliat are the precise conditions which determine the, tritudiUtn 
betireen the ‘'still' aoul the ‘motile’ states cannot yet ])e jireciselv 
<lefined, but the iniluences of certain agencies can he predicteil witii 
tolerable certainty. Thus it is only necessary to pom- tlie water 
containing these organisms from a smaller and deeper into a hir^er 
and shallower vessel in order at once liO detei-mine segmental ioif in 
nnmerous cells -a phenomenon which is observable also in many otlifv 
protophytes. The * motile ’ cells seem to be favourably affected bv 
light, for tliey^ collect themselves at the surface of the water and at 
the edges of t he vessel, but when they are about to undergo segmen- 
tation or to pass into the ‘ still ’ condit ion, they sink to tlie hnttein 
of the ve.ssel, or retreat to that j)art of it in which tl\ey^ .ire lensi 
subjected to light. When kept in the dark the ‘ motile ’ cells undei go 
a great diminution of their chlorophyll, which becomes very jiale. 
and is diftused, instead of forming definite granules ; they continut' 
their movement, liowever, uninterruptedly without either sinking 
to the bottom, or [lassing into the ‘still ’ form, or undergoing seg- 
mentation. A moderate wmrinth, particularly that of the vernal 
is favourable to the development of the ‘motile’ cells; hut a teinin*- 
I'atui'C of excessive elevation prevents it. Rapid e\aporation of tin* 
water in which the ‘ motile ’ forms may be contained kills tliein at 
once; but a more gradual loss, such as takes p’llace in tleep glasses, 
causes them merely to pass into the ‘ still ’ form ; and in litis contti- 
tion — especially when they have assumed a red ]me — they may W 
completely drieil up, and may remain in a state of dormant vitaliiy 
for manv vears. It is in this .state that they are wafteil about in 


atinosplieric ciuTents, and that, being brought down by rain intti 
pools, cisterns, Ac,, they may present themselves wdiere none liad 
been previou.slv known to exist ; and there under favourable circnvii- 
stanccs they may undergo a very rapid nuiltijdication. and may 
maintain themselves until the water is dried up, or some likei' 
eluiuge occurs which is iucompatible with the contiTUiance of tiieir 
vital activity. They then very coimnonly become red tlnouglaHit. 
Uie red colouring substance extending itself from the centre towanU 
the circumference, and assuming an appearance like that of oil- 
dropis ; and tlie.se red i-ells, aerjuiring thick cell- walls and a mucous 
envelope, tloat in flocculeiit aggregations on the surfiiceof the water. 
This state seems to corrBS}K>nd with the ‘ lesting-spores ' of citlioi' 
protophytes; and it i.iay continue until warmth, air, and moist mv 
cause the development of the red cells into the ordinary ‘still trlk. 

green matter being gradually produced, until the red substance forms 
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,t,lv the central part of the endocliroine. After this tlie cycle of 
.j.iiitn'S occurs will di has been already descadbed ; and the plant 
111 ! c pass through a long series of tltese before it returns to the state 
; red thick-vcalled cell, in which it may again remain dormant 
(br an ludimited period. Even this cycle, however, c;annot he 
vf^-arded as completing the history of Proiococcus, since it does not 
iiii hide the performance of any true generative act. There can be 
little doubt that, in some stage of its existence, a ‘conjugation ’ of 
two cells occurs, as iw Palnioi}lmi\ and the attention of observers 
draild be directed to its discovery, as well a.s to the detection of 
v arieties in tlic condition of this interesting little plant, wliich 
will probably be found to present theniselve.s V)efor(‘ and after the 
l„‘rfhrmaiice of that aet.^ 

The Cyanophyce® or Fhycoclironiace® constitute another group 
(,f Idwlv forms of vegetable life, distinguished by their blue-green 
riildur,* differing from the Protocoecaceie in not containing true 
cliloropliyll grains, tlie cell-.sap being, on the other hand, coloureil by 
;i soluble blne-grecn pigment known as ‘ phycocyanin.’ They live 
either isolated, or number congregated togetlier and enclosed in a 
more or less dense colourless jelly. They multiply by binary 
di\ Ision, and do not in any case produce zoospores. To the lowest 
fEoailv of this group, which sti'ongly resemble the Protococeaceic, 
t‘.\ce|it in the colour of the cells, the Okrodcoccac.e(e, belong tlie genera 
U/oWCTCcas, Glceocapsa, Aphannmpm, Jfej’i 8 moj')€dta, and many 
(tthers. the life- history of wliicli is but very imperfectly known. 

Tile Oscillfdffr'mcetfi constitute a family of Cyano] 4 iyc.eje of great 
intei'est to the niicruscopist, on a{‘(*;)unt both of the extreme siiii- 
]ilicitv of their structure and of the peculiar animal-like movements 
which they exhibit, Tliey consist of hue, usually microscopic 
threads, containing a blue green endochrome, sometimes rejilaced by 
a red or violet, and occui' singly or in thick strata in fresh running 
(ir more abundantly in stagnant water. Tlie threads are unbranched 
anil usually straight, ami either each separate tlireail or a numVier 
together are, in most of the genera, enclosed in a gelatinous sheath. 
Suiue illustrations of these are seen on Plate VII. Tlie contents of 
the slieaths are imperfectlv diviiled into cells by transverse divi- 
sion ; small pieces of the threads, consisting of a few cells, occasion- 
ally lireak ofi', round themselves off at both ends, move about witli a 
slow iindiilating motion, and finally develop into new threads; these 
I'oi'tions are known as The most abundant genus, OseiJ- 

has been so named from the peculiar oscillatingor waving motion 
w ith which the threads are endowed. This consists of a (Teeping 
motion in the direction of the length of the thread, now backwards, 
now forwards, accompanied bv a curvsiture of llie thread and rotation 
i-finiil its own axis. Tlie cause of this motion is still a matter of 

’ Tti the above sketch the Author has presented the facts described by Dr, Cohn 
'imler the relation 'vhich they seemed to him naturally to bear, hut which differs from 
that in which they will be found in the original memoir ; and he is glad to be able 
to stiitf, from personal communication with its able author, that Dr. Cohn’s later 
observations led him to adopt a view of the relationship of the ‘ still ’ and ‘ motile ’ 
< which is iji essential accordance with his own, 

N x 2 
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(‘ontroversy. Professor Cohn ^ observed that the oseillating 
ments b^ke place only when the thread is in contact witli a - .li,} 
snbstratnni. Zukjd ^ enmparos the motion of Spiridina to thm ■ t 
<vrowing tendril, and asserts that it is intimately connected wir’n 'd„. 
Snnvth of the mainent, Hansgirg.^ on the other hand, consi,],.) :]i,. 
twisting and nodding movements to be due, not to the growth of tlu* 
thread, l)nt to osmotic changes in the cell-contents. He regards r hnu 
as being of the Siime nature as the moYements of the sarcodo in d,,. 
pseiidopodia of rhizopods and other protozoa, hclmetzler ^ descnlsrs 
the inoveiiieiits in Oscdlato'} m as of six diflfei'ent kinds . ( i) lotat ion ol 
the thread or of its segments round its axis ; (2) creei>ing or gliding 
over a solid substratum ; (3) a free- swimming movement in the watei- : 
(4) rotation or flexion of the entire tlmead ; (5) sharp f rembling> 

concussions ; and (6) a I’adiating arrange- 
ment of the enb\ngle<l threads. Tin* 
movements are gi’eatly iiifluencod liy 
temperature and light;, being inucli more 
active, in warmth and sunshine than in 
cold and shfide. I'here are no zodspore.s 
produced, nor is any sexual modo of 
(veneration known. The Rlrohmumt 
and Sajionemacem (Ph. YU and VI IJ) 
are exceedingly common organisniis in 
stagnant water, resembling the Oscilla 
toriaceio in their blue-green cokjiir. ami 
ill their reproduction by iiieaii.s of 
‘ horiuogones.’ 

Nearly allied to the preceding is tln^ 
iiimily of Xostocamf^, consisting of 
distinctly l>eaded filaineiils, wliich, in 
the most iamiliar genus, Xostoc, lie in 
lirmly gelatinous envelopes of defiinte 
outline (fig. 419). The filament.s me 
usually simple, though sometimes densely 
interwoven, and are almost always caned 
or twistetl, often taking a spiral direction. 
The masses of jelly in whieli they are imbedded are sometiiims 
(dnbuhir or nearly so, and sometimes extend in more or les^ 
regular branches; they frequently atbiiu a Nery considerate 
size ; and as tliev occasionally present themselves quite sin ' ' 

(especially in the latter part of autumn on damp garden waik>). 
they have received the name of ‘fallen stars. they 
always so suddenly produced, however, as they appear to ? 
tliey shi'ink up into mere films in <lrY weather and ex[iani ag.i 
with the first shower. Other species arc not iinfrequent among i c 
moss or on the surface of damp rocks. Species of Ana xvtm .ni'^ 
genera of Nostocnceie, constitute a large [oi i 



Fui, 419.— Portion of gelciLinous 
■frond of Rostov- 


' Arch. Mikrofsk. Anatomic, 1S07, p. 4S. 
OesterreichiHche Bot. Zeitschr. 1S80, p. 11- 
See Bot. (yentralhhilt, vol. xii. 1882, p. 81)1. 
+ Arch. Sri. Bhys. et Nat 1885, p. 164. 
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ii„. hl\iish-gi'een scum wliieli floats on the surface of stagnant water. 

( iliniies of species of Xostoc and Anabcem’ are freqiTently endophytic 
the cells of MarchanHa and other Hepaticie, the prothallia of 
iti'iis, or other aquatic or moisture-loTing plants. 3 Woe multiplies, 
like the Oseillatoriaceae, by the .subdivision of its filaments, portions 

w'liicb escape from the gelatinous ma.ss wherein they were 
inihedded, and move slowly through the water in the direction of their 
leirdli. These are 4iorinogoncs/ similar to those of the Oscilla- 
fdvmcefe. After a time they cease to move, and a ne>v gelatinous 
fiivelope is foiaued around ea(‘li piece, which then Ix'giiis to increase 
ill length by the traasyeisc .subdivision of its .segments. By the 
rf;‘netitloii of this proce.s.s a, mass of new filaments is produced, the 
parts of wdiich are at first confused, hut afterwards het'ome more 
distinctly separated by the iriter|x>sition of the gelatinous substance 
d(‘\ eloped between them. Besides the ordinary cells of the bea<le<l 
tilaiiients, two other kinds are known, both larger than tlie ordinaiy 
i*ells, and called respectively /leterocysts and restrng-spO'res, Tiie 
fiiiK'tion of the former is unknown; the latter develop directly into 
new individuals by division in the transverse direction only, witli- 
(lut any sexual process. 

Resembling the Protococcaccie in the hi dependence of their 
individual cells are the tw'o groups Besmidiacece and Diatomamt. 
form.s of su(ih special interest to the microscopist as to require 
separate treatment, and a detailed description of which wall be found 
later on. Tlie Besmidiacece constitute a. group of the family 
Conjugatse, so called from theii' mode of reproduction by v/mjaejahon ^ 
!i process best exemplified in the higher group, the Zipjmmame, in 
which the cells produced by binary subdivision remain attached to 
each other, end to end, so as to form long imbranclied filaments 
(fiw. 420), whose length is continually being increased by a repetition 
of the same process, wdiich may take place in any part of the filament.s, 
and not at their ends alone. ^The plants of this group are not found 
so much in running streams as in waters that are perfectly still, such 
as those of ponds, of re.servoirs, ditches, bogs, or marshy grounds ; 
and tliev are for the most part unattached, floating treely at or neai' 
the surface, especially when buoyed up by the hubbies of gas whicli 
are liberated from the midst of them under the iutluonce of solar 
light and heat. In the early stage of their growth, wliilst as yet tlie 
cells are undergoing in ultipli cation by division, the endochrome is 
frequently diffused pretty uniformly through their (*avilie.s (fig. 420, 
A); hut a.s they advance tow^ards the stage of conjugation, it 
ordinarily arranges itself into regular spirals (B, Spiroygra^ a. coiqde 
of stardike di.scs in each cell [Zi/yitema), or a single plate running 
through it in an axile direction (Jhsomrp iis) . The act of conj ugation 
usually occurs between the cells of two distinct filaments that happen 
to lie in proximity to each other, and all the cells of each filament 
generally take part in it at once, The adjacent cells p>ut forth little 
protuberances, which come into contact with each other, and then 
coalesce by the breaking down of the intervening partitions, so as to 
establish a free |)assage between the cavities of the conjugating cells. 
Ill some genera, of this family (such as Mesocarpus) the conjugating 
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i-ells pour tlieir eudocliromes into a dilatation of the passage 
liiis been established between tliem ; and it is tlicrc that they .. . 
iniiiffle so as to form the zygospore. But in the various sy.iTlv. ,4 
Strlroiiyra 420, B), which are among the commonest an.l b. st 
known of Conjugatfe, the endochrome of one cell passes over eiuu.-ly 
into the cavity of the other; and it is within the latter tint On* 
zv<rosiK>re is Wined (C), the two endochromes coalescing inm , 
simple mass, around which a firm envelope gradually makev )5s 
appearance.' Further, it may be generally observed that dl il„. 
cells of one filament thus empty themselves, whilst all the cellMif 

the other filament become tlie recipients. Here, therefore, ^^ e sci-ia 
to have a foreshadowing of the sexual distinction of the generative 
cells into ‘ sperm-cells Guid ^germ-cells/ which we sliall prfseaily 
see in the filamentous Confevvam^. Conjtigation between ti\<* 
■Kbaceut cells of the same individual also occurs m some sp.rins. 



i' 



Vui. 420. - Various stages of the history of a Sijiroytjra: A, tliiee odk, <_/, G 'V -'G* 
voimg Glniiient. of wliich h is ii.alergoing division; 

Ligc^of oonjugatiou, showing the spiral disposition of 

protubevimces from the oonjugating cells ; 0, cympleUoii of the ^ ^ ^ 

the endochromes of the cells of the filament a having entirely passed ovei 
of filament h, in which the zygospores are formed. 


Although the t«o conjugating lilainente eve uenrly 
hmailly AMke. there must clearly he physwlogwul difteieiitaat m, 
since tile eoniugatioii takes place in one direction 
conjugation occurs hetivcen cells in the smie lilament, 
lUflW-eiitiation must be ascribed to the indicidiial cells, Vluhii 
cation by sodspores does not take place among the 

From the composite motile forms ot i rotoochs th.. ‘ 

IS easy to the gro.i,. of Volvocineae, an assemblage of mmn e 

of the greatest interest to the imcroscopist, on aceouni f _ 

aniinalciile-Uke actii'ity of their movements 

and ref^ukrity of their forms. The most remarkable example 

group ”is the well-known Volvo,c globatm- {V\^te Yl), 

uncommon in fresh- water pools, and which, attainin c 

about -F- or even v-L of an inch, may be seen with the < .■ 

when thednipcoutainingitishcldupto the light, swimnung an o 
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il.r water whieli it inhabits. Itsomvanl mol ion i.s usually of a roll- 
iiiii’ kind; but it sometimes glides smootiily along, without turning 

its axis; whilst some time.s, again, it I'otates like a top, without 
fjiiuiging its position. When examined with a suibcieiit magnifying 
jinwer tbe Volvox is seen to eon.sist of a hollow sphere, comjK)sed of 
very pellucid material, which is studded at regular intervals with 
minute green .s] lots, and wliicli is often (but not constantly) traversed 
i,v green thread.s eonnec'ting these spots. From each of the sjiots 
|,voceed two long llagella, so that the entire surface is beset with 
rlu'.w laslniig lilamenls, to vvhose combined action its movements 
:n c due. Within the external sphere may gemn-ally be seen from 

to twenty other globes, of a darker colour, and of varying sizes; 
the smaller of these are attached to theinner surface of the inve.sting 
>[here, and project into its cavity ; but the larger lie freely within 
rhet'avity, and may often be observed to revolve by the agency of 
their own flagella. After a time the original sphere bursts, and the 
l■(lutaincd .spherules swim forth and speedily develop themselves 
into the likeiie.ss of that within which they have been evolved, 
their coloured particles, which are at first closely aggregated together, 
Iwhig separated fnim each otlmr hy tlie interposition of tlie trans- 
));irciit pellicle. It was long 8np[)osed that Voh'ijx is a shojU 
aiiliual; audit was first shown to be a composite fabric, imtde up of a 
I'f petition of organisms in all respects similar to each other, by Fro- 
iVssor Ebrenberg, who, howevei'. considered these organisms as 
itwmds, and described them as each possessing a mouth, several 
stoiiiacb.s, ami an eye! Our present knowledge of theii’ nature, 
however, letives little doubt of tlu'ir vegetable character; ^ and the 
jiecnliaritv of their history reiidei's if; desir;d)le to describe it in some 
detail. 

Each of the sO'Called ' monads ' (fig. 421 , Xos. 9, 1 1 ) i.s a .somewl’iat 
ilask -shaped plant-cell, about .|„(,-„th of an inch in diameter, consist- 
ing, a.s-in the previous instances, of gieeu chloropln ll granule.s diffused 
llirnngh a colourless protojdasin, constituting an cndochrome (whicli 
eoiimioiily includesalso a red spot— ‘eye-spot —of altered chlorojhyll), 
and hounded by an ectoplasm formed of the condensed and colourless 
surface-layer of f.lie protoplasmic mass. It is prolonged outwardly 
(or towards the circumference of tlie sphere) into a sort of colourless 
heak or proboscis, from which [iroceed two flagella (fig. 421, No. 11) ; 
and it is Invested by a pellucid or hyaline envelope (No, 0, d) of 
coii.hderal)le thickness, the borclei'S of which arc flattened against 
those of other similar envelopes (No. 5, c, c), but which tloes not appear 
to have the tenacity of a true membrane. It is impossible not to 
I'crognise tlie close siiuilaiity between the structure of this body 
and that of the motile encysted cell of ProtococcKs plmialis (fig, 
dlb. K). Tliere i.s not, in fact, any perceptible dittereiice between 
biem, save that wliicb arises from the regular aggregation, in Wilrov. 

I brofepsor Sieiu, however, ill liit: }>reat work on the Infusoria (Orcfl a isai as dr >• 
Abtheilung III., Leipzig, 1S7S1, still ranks the Fo/rocbirff among 
f w flugelUte animalcules, to which they iiiidoubleaiy si inw a I'emarkulile pavallelisin 
ui sO-xc/f/rc, the chief evidence of their vegetable nature lying in their 
oniforniity to undoubted thallophytes. 
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of the cells which iioi’inHlly detach themselves from one another iu 
Protococcus. The presence of cellulose in the hyaline substaiH e is 
not indicated, in the ordinary condition of Volvox ylohntor, h\- i],,. 
iodine and sidphnric acid test, though the use of ‘ Schultz's solu dun ' 
gives to it a faint blue tinge ; there can be no doubt of its exist f,uv 
however, in the hyaline envelope of Volvox (mreiis. The flin;,.!!:! 
and endoplasm, as in the motile forms of Protococcns^ are tin-vd 
a deep brown by iodine, with the exception of one or two stiirrli 
particles in each cell, which are turned blue ; and when the coin, >! its 
of the cell are libei^ated, bluish floccuU, apparently indicative uf th- 
]>resence of cellulose, are br(.)ugbt into view hy the action of snlplim-ic 
acid and iodine. All these reactioiis are characteristically 
in theii' nature. When the cell is approaching maturity, its undo- 
plasm always exhibits one or more va.cuole.s (fig. 421, Xo. tho. r/jnfa 
splierical form, and nsnally al)ont one-third of its own diann tci" 
and these vacuoles (which are the so-called ‘ sUjiiiachs ’ of Ehroiihevi;-) 
111 ! ve been obseia ed to undergo a very curious rliythmical contraction 
and dilatation at intervals of about fort)' seconds ; the eoiitraction 
(which seenrs to amount to complete obliteration of the cavitv of tlic 
vMcnole) taking ].ilace rapidly or .suddenly, whilst the dilatation is slnA\ 
and gradual. Tliis curious jictiou ceases, however, as tlio cell 
arrives at its full maturity ; ^ a condition winch .seems to lit- 
marked by the greiiter consolidation of the ectoplasm, by ihu 
removal or tran.s formation of some of the chlorophyll, and h\^ rlir 
formation of the red spot (6), which obviously consists, as in Vrnl.o- 
eoccaf;^ of a, peculiar modification of chlorophyll. 

Each cell noi'iiially communicates with the (*ells in ueanst 
proximity with it by extensions of its own eiidochronie. wliic-h lav 
sometimes single and sometiiue.s double (hg. 421, !No, 5, 4); aial 

these connecting processes necessarily ci'oss the lines of divisinn 
between their respective hyaline investments. The tliickness of tlicN' 
processes varies very considerably ; for .sometimes they are l)roai] 
bands, and in other cases mere threads ; whilst they are occasioiialiy 
wanting altogether. This difference seems partly to rlepend ii|W)n tliu 
age of the individual, and jxirtly upon the abundance of iintriiiiem 
which it obtains ; for, as we shall presently see, the coimeetioii is 
mo.st intimate at an early period, before the hyaline investments ut 
tlie cells have increased so much as to se[iarate the masses (if (aaln 
chrome to a distance from one another (tig. 421, Xos. 2, T 4) : whilst 
in a mature individual, in which the separation has taken |)la(r tu 

its full extent and the nutritive processes have become le.ss active, the 

ma.sses of endochrorae very commonly assume an angular tbrni. ami 
the connecting pr<X'C.sses arc drawn out into threads (as seen in Xo.a). 
or they retain their globular form, and the connecting proc(‘Sj;e> 
altogether di.sappcar. The influence of reagents, or the iiifiltratkai 
of water into the interior of the hyaline inve.stment, will sometiiae> 
cause the connecting processes (as in Protococcus) to be drawn hack 

^ Thtt existence of rhythmically contracting vacuoles in Fo/ejoa; (tliongh cunficmc'* 
by the observations of Prof. Stein) is denied hy Mr. Saville Kent (.tfamfri/ (if 
Jnfusoriai P- If) ; but it may bo foirly presuinod that he has not looked for then' at 
the stage of development at which their action was witnessed by Hr. Busk. 
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jjjr*' the central mass of endochrome ; and they will also retreat on 
rl). mere rupture of the hyaline investment. From these eircnm- 
im-os it may be inferred that they ai'e not enclosed in any definite 
J^jn.iithvaue. "On the other hand, the connecting threads are sonie- 
riiiic^ seen as double lines, which seem like tubular prolongations of 
■1 cntisisteut membrane, without any protoplasmic granules in their 


l i 3 



Fig. StructuL’e of <jJuhator. 


mtcrior. It is obvious, then, that an examination of a considerable 
laimhe]- of specimens, exhibiting various [>hases of conformation, is 
iuwss<iry4(t demonstrate the nature of these eomniuiiieations ; but 
‘his may l.e best made out by attending to tlie historv of their 
le'-elopmoiit, which we shall noV describe. 

Ihc.splierical body of the young Volvox (fig. 421, Ko. 1) is 
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('oinposed of an aggregation of somewhat aiignla r masses of emli n- ; n 
(&), separated by the interposition of hyaline substance ; nwi j},(. 
whole seems to be enclosed in u distinctly membranous . 
which is ]>robably the distended hyaline investment of the 
coll, within which, as will presently appear, the entire agg]v-;iti(,jj 
originated. In the midst of the polygonal masses of endocin-iniie. 
one mass («), rather larger than the rest, is seen to proi-ut 
circular form ; and this, as will presently appear, is the originuti,),, 
cell of what is hereafter to l)ecome a new sphere. 'Ihe 
Volvox at first Increases in size not only by the interposition of view 
hyaline substance between its component masses of endociivome. 
but als() Iw an increase in these masses themselves (No. 2, wliicji 
come into cont inuous connection with each other by the coalcsreiiri. 
of processes (6) ^vhich they scvei-allv put forth ; at the Sana- time 
an increase is observed in the size of the globular eell (c), wliidi 
preliminary to its binary subdivision. A more advanced stai^e of 
the same developmental process is seeji in No. d, in which tlie ctm- 
nectiug pi-ocesse.s {a, a) have so much increased insizeastoeslalfeli 
a most intimate union between the masses of endochrome, altlmiurli 
the increase of the intervening hyaline substance* caiiie's thoso 
masses apart from one another; whilst the emlochrome* of tin- 
central globular cell has undergone segmentation into two halves. 
In the stage represented in No. 4 the masses of endochrome lum- 
beeii still more widely separated by the interposition ol“ hyaliin- 
substance; each has become fiiruished with its pair of tlagclla, ainl 
the globular cell has undergone a se(*ond seginentatiou. Finally, in 
No. 5, which represents a portion of the sjdiefical wall of a matuir 
VoUox. the endochi'ome masses are observed to j)resent a wim- 
scattered aspect, partly oil account of their own reduction in si/r. 
and partlv through the iiiterj.)Osition of a gi-eatly increased Jimoitiil 
of hyaline substance, which is secreted from the surface of eadi iiuis>: 
and that portion winch belongs to each cell, standing to the emlti- 
chroun* mass in the relation of the cellnlo.se coat of an oi-<liiiarv ivll 
to its ectoplasm, is frequently seen to bo marked out from the ir>t 
bv delicate lines of hexagonal arcedation (c, c), which indicate the 
boundaries of each. Of tliese it is often dltlundt to obtain u 
a nice nianagement of the light b(‘iug iLsually requisite with tirdi 
specimens; hut the prolonged action of water (especially wliea it 
contains a trace of iodine) or of glycerin will often bring them hit" 
clear \’iew, 'flie [U’olonged action of glycerin, moreover, vill ottcu 
show that the boundary -lines are double, being formetl hy th' 
coalescence of tw'o contiguous cell-walls ; ami they sometimes i'ctir;ii 
from each other so far that tlie hexagonal areohe become vuumh*ii. 
As the primary sphere approaches maturity, the large secauibay 
germ-mass, or zoosporamje, whose oiigin has been traced freta tw* 
beginning, also advances in development, its contents imdeigcinjf 
multiplication by successive segmenhiti<ms, so that we (ind it t" 
consist of eight, sixteen, thirty -two, sixty-four, or still 
numerous divisions, as shown in fig. 421, Nos. 6, 7, 8, 
stage, at which the sphere first appeal's to become hollow, it ti* 
j'etainetl within the hyaline envelope of the cell within which it 
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pi'ocluoed ; ^ similai* envelope oan l)e easily (ILstingiiUhcd, as 
4 hm\ u iu ^ 0 . 10, just when the segmejitation has been completed, 
mT that stage the flagella pass into it, but do not extend beyond 
if ; ,(iid even in the mature 1 it continues to form an invest- 
jui-ju around the hyaline envelo]:)es of the separate cells, as shown in 
llic same figure at No. 11. Tt seems to 1)0 l)y the adhesion of the 
Kyaliiie investment of the^ new sphere to that of the old that the 
ncc<*i alary sphere remains for a time attached to the interior w’all of 
tlir primary ; at what exact period, or in wliat precise manner, the 
.eiiaratioii betw’een thetwx) take.s place has nut yet been determined, 
yt the time ol the separation the developmentld process has gene- 
wily advanced as far as the sbigo represented in Xo. 1, the fonudatioii 
„tonc or more tertiary fjphere.s being usually distinguishalde in the 
enlargement of certiun of its cells. 

'lia* development and .setting -free of those compo.site zoosporange.^, 
which is essentially a process ol cell-subdivision or gcmmiiMiroHRP.xie.ii- 
•f'm. is the ordinary mo<le of multiplication In Yolvox. taking place 
at all limes of the year, except when the sexual f/eneration (now- to 
l)e described) is in progress. The mode in whicli this .proce.ss i.s 
here performed (for our knowledge of which we are indebted to 
the j>erse\ering inve.stigatioiis of Professor Cohn) shows a great 
aibaiice upon the simple conjugation of two similar cells, and 
eliisely resembles that which prevails not only among the liigher 
dgic, but (under some form or other) through a large part of the 
ciyptciganiic sei-ies. Ah autumn advances the Volvox .spheres usu.-dly 
(■case to multiply themselves by the formation of zobsporanges, and 
certain of their ordinary cells begin to undergo changes by which 
tlay' arc converted, .some into male or ‘ sperm-cells,' others into 
tcvaalc or ‘ germ -cel I.s,’ the greater number, however, remaining 
>tcrilc. Each sphere of Volrax ghhator (Plate A’’!, fig. 1) (contains 
ImitU kinds of soxmd cells, so that this s])e{des ranks as moncticioHs^ 
liiit r. aareus is dioseious, the sperm-cells and germ-cells occurring 
ill separate splieres. Poth kinds of sexual cells are at first dis- 
ringuishable from the ordinary .sterile cells by tlieir larger size 
2. a), in this respeid resembling zoosporanges in an early 
stiige ; hut their subsequent history i.s altogether different. The 
begin to undergo subdivision when they at f ain alxiut 
three times the size of the sterile cells ; this, however, takes 
I'lacf, not on the binary plan, l)ut in such a manner that the 
ciiiloclirome of the primary (‘ell resolves itself into a cluster of very’’ 
|!cculiui* .secondary cells (fig. 1, n, fig. 5), each consisting of an 
flongited ' body * containing an orange-colotired end(K‘hrnme with a 
U‘(l eciipiiscle, and of a long, colourless beak from tiie base of wdiich 
laucc'ccls a jiair of long flagella (figs, 6, 7), as in the antherozoids 
"f tlic liigiier cryptogams. As the sperm-cells approach maturity, 
the iiggregate clusters maybe .seen to move wa’tbin them, at first 
dmvly. and atterwarcks more rapidly ; the bundles then separate 
"ltd tlieir component antherozoids, wdfieh show an active, indepen- 
' eiit nin\eineiit whilst still w'itliiii the cavity of the jirimary (tell 
]•£ finally escape by the giving- way of its wall (r/d), 

‘ themselves through the cavity of the Volcox spliere. The 
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garvi-wWii (fig. 1, h, 6), on the other hand, continue to iuoi 
size witliout undergoing subdivision; at first showing large* v: - 
in their [irntoplasm (6^, 6®), but subsequently becoming fi)],. ; 
dark-g]-eeu eiuloehrome. The form of the germ-eell gv.i 
changes from its oi-iginal llask-shape to the globular ■, 

projects into the cavity of the Volvox sphere, at the .saui:' 
acquiring a gelatinous envelope. Over this the swarming antlu r, izi.liU 
diffuse themselves (fig, 3), penetrating its substance, s(j a.s ihj,| 
their way to the interior; and in this situation they seem to dis.Milv,- 
aw'ay, so as to become incor})()rated with the oosphere. The jeuilm-f 
of this fusion (wduch is only conjugation under another fonn) ^ 
reproductive cell or oospore, w'hich speedily becomes enveloptfi 1,^ 
an iiiterinil smooth ineiubrane, and with a thicker exteriuil ctnii 
■which is usually beset with conical pointed processes (fig. 4) ; 
the contained chloropliyll gives place, as in Falmoylmt, to sTau-h 
and a red or orange coloured oil. As many as forty of such oosjmuxs 
liave been seen by Cohn in a single sphere of Voko;i:, whirl i tliib 
acquires the peculiar appearance that has been distinguished h\- 
Ehronherg Vjy a diftereiit specific name, Volvox stellatus. Snoii 
after the ods}X)VCS reach maturity, the parent sphere bvf'aks u]t. 
and the oospores fitll to the bottom, wliere they remain duvin:; 
t.he winter. Their further history has since been traced om 
by K ire liner, wdio found that their germination commenced in 
Februarv ■with the liberation of the sjiherical endosjKn-e from it> 
envelope, and with its division into four cells by tlie foriuatinu 
of tw'o partitions at right angles to each othei-, The.se ]KU-tiidlv 
separate, liohling together only at one end, which becomes one i.mjc 
of the globular cluster subsequently formed by cell-multijilicatiun. 
the other pole only closing in when a largo number of cells liavt- 
been formed. The cells are then carried apart from one another ty 
the hyaline investment formed by each, and the characteristic 1 olror 
sphere is thus completed.* 

Another plieiiomonon of a very remarkable nature, naindv. The 
conversion of tlie contents of an ordinary vegetable cell inlo a fivt' 
moving mass of protoplasm that bears a strong resemblance to tlii* 
animal A ma-bit, has been affirmed liy Dr. Hicks " to take iilacc at 
Volvox, under circumstances that leave no reasonable ground for tlrn 
doubt of its reality wdiich has been raised in regard to the acemmis 
of similar phenomena occuri'ing elsewhere. The endochronic-mass G 
one of the ordinaiy cells incTea.ses to nearly double its usual size; 
but, instead of undergoing binary subdivision so as t«i prodnee a 
zobsporange, it loses its colour and its regularity of Iona, aial 

* The doctrine of the vegetable nature of Volvox, which had been *'iigge>teJ b 
Siebold, Braun, and other German naturalists, was first distinctly cmineiate.l ny 
Prof. Williamson, on the basis of the history of its development, in the 
of thv PhUv>iophical Societ i/ of Manchester, vol, ix. .if -ni 

[The most recent and detailed accounts of the development of the vunims nary 
of Volvox are by Klein iPriiu/sheim’s Jahrhiixher fiir wissensdiajthrin! 
vol. XX. Ifi8t),p. IbiJ) and Overton iBotanisches CentmlUatt, vol. 
do not differ in any material point from the description given in the text. ■ <-1 
Bennett and Murray’s Handbook of Crijptvganiir Batani}, p. r 

’’ Trans, of Microsc. Soviefi/, n.s. vol. viii. 1800, p. 9^ iuid Qiaut. 

Microsc. Science, ii.s vol. ii. IsO'i, p. 90. 



VOLVOCINK^: ; PALMELLACEB 


557 


}itn< 'iies iUi iiregulnr mass of colour Isss protoplasm, containing a 
,ii iljL'i’ of brown or reddisli-brown gi'aimles, and capable of altering 
[i'l iii by protruding or retracting any portion of its membranous 
u;tll. exactly like a true ‘d73ice6«. By this selfunoving power, each 
rliese bodies (of which twenty may sometimes be (“ounted within 
q xiiiu'le Volvox) glides independently over the inner surface of the 
,p)i,.ir among its unchanged green <‘ells, bending itself round any 
,„u' "f these with which it may come into contact, jirecisely after 
pi,‘ manner of an Amobba, After the ‘ amceboid ’ has hegun to 
tiiO t'l. it is always noticed that for every such moving body in the 
there is the empty space of a missing cell ; niid this confirms 
tlic- l>elief— founded on observation of the gradational transition 
tVniii the one condition to the other, and on the difiicnlty of sup- 
[lasiii" that any such bodies conhl liave entered the sphere parasiti- 
cidlv h’Olu without — that the ‘ amoeboid ’ is really the [)VO(liU‘t of the 
iiutaiiiorphosis of a mass of vegetable protoplasm. This meta- 
innrplmsis may hike place, aceonling to Dr. Hicks, even after the 
process of binary subdivision has commenced. What is the snb- 
M-epieut destination of these anueboid bodies lias not yet Ijeeii ascer- 
(;dned.‘ 

In otlier organisms 'allied to Volcox, and included in tlie family 
we find a very interesting and instructive transition 
let ween the various modes of multi pi iciition already described. In 
A’adcrbuf, a comuion organism in still water, a sexual process similar 
rn tliat in Volvox has been observed. In Pandorina morim the 
;reiiei'ative process is performed, according to the obser\ ations of 
Pvingslieim, in a manner (uirioiisly intermediate between the lowei* 
and the higher types referred to above. For within each cell of the 
iiviginal sixteen of which its mulberry-like mass is composed, a brood 
Ilf sixteen sccondaiy cells is formed by ordinary binary subdivision ; 
and llie.se, when set free by the dissolution of their containing cell- 
wall swim forth as bswarin-spoi’esd each being furnished with a 
I'air (if fiagella. Among the crowd of these swarm-spores maybe 
(iliserved some wdiich approach in pairs, as if seeking one another; 
wlieri they meet, their points at first come together, but gradually 
tlicir whole bodies coalesce, and a globular zygospoie is thus formed 
ivliieh germinates after a. period of rest, reproducing by binary 
sulidivision the oiiginal sixteen-celled, mnlberry-like Pmidorina. 
AW have here, therefore, a true process of conjugation between 
inotile ])rotoplasm masses, each of which is in itself indistingni.sli- 
ible from a xoospore. A similar process takes place also in 
Ulothrh', IP/drodicti/on, and a number of fresli- water algfv 

(%'. 422 ). 

Included by many writers iiudei’ the general term PalmellaceaB 
=a’<‘ a number of minute organisms of very simple structure, the 
irlationship of which to the Protococcacea’ is not yet fully known, 
fliev all grow either on damp surfaces or in fresh water; ainl they 
ii'ay (‘itlua form (!) a’ mere powdery layer, of whi(‘h the component 

^ -A similar production of ‘ amoeboids ’ has been observed by Mr. Arclier in 
‘ "p'i(iii<)fijjh(era jdaviuliii, and is scarcely now to be considered an exceptional 
Piiciimncnon. 
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particles have little or no adhesion to each other ; or tlicy ui; . 
sent themselves (2) in the condition of an indefinite slimy fihii. , 
in that of a tolerably firm ainl definitely bounded mcinl.v 
‘ frond; The first of these states we have seen to be cbarac^ 
of Hahnoglo^a and Protococeus \ the new cells which arc* oi Il;;., 
by the process of binary subdivision usually separating froni . 
other aftei’ a short time, and, even where they remain in c-oIn 
not forming a ‘ frond’ or membranous expftnsion. The ^ reil Minw.' 
wliK’h sometimes coloui's extensive tracts in Arctic or Alpine i i -inus 
penetrating even to the depth of several feet, and vegetating a* •;ivelv 
at a temperature which reduces most plants to a state of tor] mu-, 
generally considered to be a species of Protocoems -, but as itsa-lL 
are eonnec‘te<l by a tolerably firm gelatinous investment, it wnuld 
leather seem to be a Pahndla. The second is the condition of /t^/. 
mdla proper, of which one species, P. ermnta^ usually knou u mirV]. 
the name of ‘gory dew/ is common on damp walls and in shmlv 
places, sometimes extending itsell' nvcv -i 
1 considerable area as a tough geljitiimiis 

mass, of the colour and general a])])(‘;n!nic,- 
of coagulated blood. A cbaractoiistic 
illustration of it is also afforded hv the 
IPtmatococcus sany 'dmns (fig. 428), wjiicli 
C'lhefiy differs from Palmella in tlie ]):irti:d 
persi.steiice of the walls of the parent-cells, 
.so that the whole mass is subdivided Ky 
partitioTis, which enclose a larger or sniallt r 
number of cells originating in the .viil.!- 
division of tlieir c^ontents. Besides in- 
creasing in the ordinaiw made ot binary 
multiplication, the PalnieUa cells sortu 
occasionally to rupture and difiiise tlieir 
gi-anular contents through the gelatiiiou' 
stratum, and thus to gi\ e origin to a whidc 
cluster at once, as seen at e, after llir 
manner of other simple ].)lants to Ik* {iit- 
sently described, save that tlie.s** miniitc 
segments of the endoclirome, having 
power of spontaneous motion, cannot be ranked as zndsjjoms. 
The gelatinous masses of the Palmelhi arc frequently fouinl to con- 
tain parasitic gi'owths formed by the extension of other 
through their substance ; but numerous branched filament.'' soi«h- 
times present themselves, which, being traceable itito ahsointf' 
continuity with the cells, must be considered as properly a pfiei'tainin.ir 
to them. Sometimes these filaments radiate in various directions tmm 
a single central cell, and must at first be considered as mere exten- 
sions of this ; t heir extremities dilate, however, into new cells ; and. 
when these are fully formed, the tubular connections close up. ami tiic 
cells become debiched from each other. ^ Of the third condition wt' 



Pig. 122. — A, conjugating 
micro^oiisj.ioveR of (J/o- 
fhrix ; B, megazollsporft 
of UZofAj'/x, from Vines’s 
‘ Physiology of Plants.’ 


• This fact, first made public by Mr. Tliwaites (Aan. of Sat. Hi 
vol. ii. 184y, p. one of fundamental impprtauee in the determiuatH))) of . w 

real character of this group. 
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[j.jv example in tlie eurioiifi Palmodlciijan described ))y Kiitzing, 
fh< -roiul of which upper's to the naked eye like a delicate network, 
^,H:d>ting of anastomosing branches, each com])osed of a single or 
,l(.t:b!c row of large vesicles, within every one of which is ]jroduced 
■1 of elliptical cellules that ultimately escape as zoospores. The 
jiltcvnation between the motile form aiul the still or resting form, 
^vlarh has been described as occurring in Protococcm, lias been ob- 
,;er\ ed in several other forms of this group ; and it seems obviously 
iiirctulcd, like the production of zoospores, to secure the dispersion 
oft lie plant and to prevent it from choking itself by overgrowth in 
any one locality. It is very commonly by plants of tins group that 
the algal portions of lichens are formed.^ 

Xotwithstiinding the very definii.e form and large size attained 
liy llie ft'onds or leafy expansions of the Ulvacese, to winch irroiip 



tin. 42 , 5 . K(cm(iti)c(icc,u>i H(niijiiini:nH^\w various of develupjuoiit ; a sini^le 

(•eils, endosca lu their mucous envelope; h, c, cluster formed by subdivisioirof 
tile parent-ceii; d, more mimpTous cluster, its component cells in various sta^^es oi 
(tiuHion ; c, large imiss of young cells, formed by the subdivision of tlic imreiit 
rnttocrii'ome, and enclosed within a common innoous ein elope. 

'leliHig .some of the most common grass-green seaweeds (riaver') 
jouinl on every coast, yet their essential stiaicture differs but verv 
ittlc from that of the pi’eceding group ; and the principal advance 
IS shown in thi.s, that tlie cells, when multiplied by binary siib- 
mvisiori, not only reintiin in (irm connection with each other. ])ut 
I'ossess a very regular arrangement (in virtue of the determinate 
[aan on which the subdivision takes place), and form a definite niem- 
iMiioua expansion. The mode in which this frond is pi'odnced may 
■e i«>st understood by studying the history of its development, .some 
'* tlui principal phases of which are seen in fig, 4*J4, Tlie isolated 
s A, In wliicli it originates, resembling in all jioints those of a 

-PabiffWaotfic are not now regarded by the beat autlmrities as a distinct 
ewt'is g«aus mcmaUiraccAtii is sunk in Pro/o- 
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rrotococcus.give vise, by their successive subdivisions in detenirii^iit^. 
directions, to such regular clusters as those seen at B and (’, ,,]■ t,, 
such confervoid filaments as that shown at 1). A cmitmuat I,,,, ..f 
the same regular mode of subdivision, taking place altern.tti ’y ii, 
two directions, may at once extend the clusters B and C iiiT>. 
like expansiems; or, if the filamentous stage be ]msed tlir.iugli 
(different species presenting variations inthehistoiy ol their ( 
inent), the filament increases in breadth as well as in length (ms 
at E), and finally becomes such a ‘ frond' as is shomi at F. C. p, 
the simple membranous expansion or thallus thus formed, ilii-ve is 

but little ap}>roach tu m 


Li 



differentiation of parts in 
the formation of root, stem, 
and leaf, such as the higher 
algje present ; every |)ovtini! 
is tlie exact coLmter|»iUt of 
every other, and even 
portion seems to taki^ an 
equal share in the u])erin 
tions of growth and lepm- 
dn(;tion. Ejich cell is verv 



commonly found tx) exliihit 
an imperfect partitioning 
into four parts prejiaratory 
to multiplication by donhli 
bipartition, and the entiir 
frond usually shows the 
groups of cells arranged in 
clusters containing soiiir 
multiple of four. 

Besides this contimiou> 
increase of the individual 
frond, Imwever, we find, in 
most species of I /cro a 
provision for extending llie 
plant by the dispersion ut 
zoos^x)res. The endochromt' 
(fig, 425. a) .subdivides into 
numerous segments (as at 
h and o), which at first are 
seen to lie in close contact 


within the cell that contains them, then begin to exhibit a kind 
of restless motion, and at hist escape by the biu'sting 
cell- wall, and swim freely through the water as zoospores (d) h> 
means of their flagella, each zoosjiore having become endowed 
with either two or four flagella during its formation within it' 
mother-cell. At last, however, they come to rest, attacli them 
selves to some fixed point, and begin to grow into 
filaments (e) in the manner already described. The walls ot 
cells which have thus discharged their endoohrome 
colourless spots on the frond ; sometimes these are intcrimnglct wi 
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^{,,5 jiortions still vegetating in the usual mode; but sometimes the 
eudochrome of one portion of tlm frond may thus eswipe in 
^[1,. fui'iu of zoospores, leaving behind it nothing but n wliite thicchl 
If the microscopist who meets with a frond of an iJliHi 
j,i this condition examines the line of .separation between its green 
•iiul it^ eolonred portions, he may not improhabljj" meet with cells in 
till' \aa'V act of discharging their zoospores, which ^ swarm ’ around 
tlicir [)oints of exit very much in the manner that animalcules are 
(fteii ■'^een to do around particular sjx)ts of the .field of view, and 
\\iw\i might easily be taken for true Infusoria ; but on carrying his 
nlbcrvations further, he would see that similar bodies are moving 
irithiif ('^'11=^ more remote from the dividing line, and that a 



Fin. 425.— Formation of /oiiapores in Viva latissima : a, portion of the ordinary 
frond; b, cells in which the endochrome is beginning to break up into segments; 
c, cells from the boundary between the coloured and colourless portions, some of 
them containing zoospores, others being empty ; d, flagellate zoospores, as in active 
luolion ; e, subsequent development of the zoospores. 

little farther still they are obviously hut masses of endochrome in 
the act of subdivision.^ 

Ilore recent observation has lu'onght out the interesting fact 
that in Uha and its allies there are two kiiuds of swarm -spore, a larger 
kind, ‘ inegazodspores,’ with four, anti a smaller kind, ‘ microzodspores,’ 
with two cilia each (see fig. 422 ). Of the.se the megazodspores 
germinate directly, as above described, while the mievozodspores or 
'zodgametes’ havt! been observed to conjugate in pairs, producing 
!^}>tspores, by the germination of which a new generation is 
lirodiiced. The two kinds of zoospore may be produced on the stmie 
or on different individuals. 

' >ttK'h an obi?ervation the .tuLliov bad the good fovtiine to make in the year 1842, 
«'hcii the emission of 2 oiisix>ves from the alUunigli it bad been described 

ijy tile Swedish .algologiht Agardli/lmd not been seen ihe believes! by any British 
‘laturalist. 

0 0 
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Although many of the plants belonging to the femily Siphouacese 
attain a considerable size, and resemble the higher seaweeds iu 
Uneral mode of gi'owth, yet they retain a simplicity of strutiM.e 
..vtrpme as to require them to be ranked among the simpler 

phytes. They are inha l>itunts 
both of fresh water and of tlie 
sea, and consist of very 
tubular cells, which often ex- 
tend themselves into liranoliB, 
so as to form an arboiesceut 
frond. These bramhes. 
ever, are not separated from 
the stem by any inter venin« 
partition, except those pints 
^vhere the generative organs 
arc produced ; but the whole 
frond is composed of a simple 
continuous tube, the entire 
contents of which may be 
readily pressed out through an 
orifice made by woumling any 
part of the wall. The gemis 
Yaiicheria may be selected a 
|)articulaiTy good illustration of 
Idiis family, its history Inoiii;: 
been pretty completely niaile 
out. Most of its species are 
inhabitants of fresh water. Init 
some are marine ; and tliey 
commonly present theniselve> 
in tliB form of ciishion-likr 
masses, composeil of ivri'gnlmiy 
branching filaments, which. :il- 
tbough they remain di>tincT. 
are (iensply tufted together and 
variously interwoven. Some 
species Vonn dense green inat> 
on damp soil in flower-jiots. ir. 
The formation of motile g(mid> 
or zoospores may be readih 
observed in these plants, thf 
wTiole process usually oceupving 
but a very short time, fh"^ 
extremity of one of the til:imeiiT> 
usually swells up in the fumi'T 
a club, and the emhichroine 

accumulates in it so as to give it a darker hue tlmn the 
a separation of this part from the remainder of the 
by the interposition of a transparent space, is next seen : a iw 
envelope is then formed around the mass thus cut off; 
the membranous wall of the inve.stiiig tube gives way, ami tut ^ - 




Fig. 42P. — Successive phases of generative 
process in VaucJicriit sssfiilis' at A arc 
seen one of tUc ‘ horns ’ or anttierJils («) 
and one of the oogones as yet un- 
opened j at B the <Lutherid is seen in 
the act of emitting the antherozoids ic); 
of which many enter the opening at the 
apex of the oegone, whilst others pfj 
which do not enter it display their^cilia 
until they become motionless ; at C the 
orlfi-ce of the oogonc is closed again by 
the formation of a cellulose coat around 
the oiisphere, thus constituting an oiispore. 
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iioro I'scfip^s, not, however, until it has undergone marked changes 
} fol ia, and exhibited eurioiis movements. Its motions continue 

>oiiie time after its escape, and are then plainly seen to be due 
•0 the iiction of the cilia, which form a complete fringe round it. 
[fit ln‘ placed in water in which some air mi no or indigo has been 
•iilibed. the coloured gmnules are seen to he driven in such a 
iiaimer as to show that a poiverful current is produced by their 
ii-opnlsive action, and a long track is left behind it. When it 
with an obstacle, the ciliary action not being arrested, the 
is flattened against the object ; and it inai' thus be com- 
jii-essed. even to the extent of causing its endochrome to be dis- 
hai’ircd. The cilia are best seen when their movornonts have lieen 
ivt;iidedor entirely arrested by means of opium, iodine, or other 
ihciiiical reagents. The iiiution of the spore continues for about 
two hours ; but after the lapse of that time it soon comes to an 
end, and the spore begins to develop itself into a new [dant. It has 
Ix'en observed by Unger that the escape of the zobsjxires general I v 
Takes jihice towards 8 a.m. ; to watch this phenomenon, thei‘efore, 
tlie plant shonld be gathered the day before, and its tufts' examined 
earlv in the morning. The same filament may give off two or three 
/.tl’ispoies successively. 

Ill addition to this mode, there exists also in this humble 
pliuit a. true proces.s of sexual generation. The branching filaments 
:ne often seen to bear at their sides peculiar globular or oval 
("i]isul:u' protuberances, sometimes separated hy the interposition of 
;i stalk, which arc filled -with dark endochrome ; and from these, 
;ifter a time, new plants arise. In the neighbourhood of these 
1 Indies arc found, in most species, certain other })rojections, which, 
frnni l)eing usually pointed and somewhat curved, have been named 
' horns' {fig. 4'2fi, A, a); and these have been shr)wn by Pringsheim 
to iie atdhmds^ whicli produce antheroxohh in their interior ; whilst 
tlie cap.'^ule-like bodies (A, ^i) are odgonfn or arche(joi}Ps. each con- 
taining a mas.s of endochrome which constitutes an odsphf.r^- that is 
destined to become, wdien fertilised, tiie original (^ell of a new 
mieoition. The antherozoids (C, c, d)^ when set free from the 
aiitlierid a. swarm about the obgone 6. and. atti'acted by a drop of 
inncilnge foianed at tlie mouth of the oogone, enter it, one or more 
aiitherozuids becoming absorbed into the substance of the obsphere. 
this liitlierto naked mass of protoplasm noiv becomes invested bv 
:in emxdope of cellulose (C, ft), which increases in thickness and 
^t^■ngtli. until it has acquired such a density as enables it to afford 
:i linn protection to its contents. While in Vanckpria the separate 
tllaments are so slender as to be scarcely discernible to the naked 
the frond of other genera of i8i])honacea\ mostly natives of 
>hiill(nv seas in the w’anner parts of the globe, attains ven' large 
dliiiensions. Tluis in Codinm it is a spongy spherical or cylindrical 
tloatiiig mass, as much. as a font in lengtli ; iti Cav.Urpa it lias tlie 
'Tponi'ante of a branched leaf springing from a stem, wliich puts 
'"It roots from its under side ; in Acdabiduyia it takes a mushroom- 
'kefunii with a cap or ‘ pileus,’ a quarter of an inch in diameter, 

' '^ided into regular chambers, at the summit of a cylindrical stalk, 

0 0 2 
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li to 3 indies in height. Munier-Cluivles ' helieves tit, 
foisils generally regarded as Formmnifora are in ivnlitv ,i,„ 
Llcareoiis skeleton of algie belonging or nearly all,e,l ,i,„ 

iTrmlevoscopist who wishes to study the development uf 

snores as well ns several other phenomena of tins low tyi wr,. 

tation^ msiy ndvantageoiish- have recourse to the little planl 
Achlya prolifera,^ which grows purasitically upon the bodi(‘s 1,1 .ivntl 
flics Ivin^ in waiter. Its tufts are distinguishablB by tlie ew 

•IS clustei’s of minute colourless filaments ; and these are Inun.l, 

when examined liy tlio 
microscope, to Ih; 
tubes, devoi<l of all parti 
tions, extending tlK-m- 
selves in varii)us diicc- 
tions. The tubes eontiiii, 
a colourless slightly gra 
luilar protoplasm, t]ii‘ 
particles of wliicli avc 
seen to move slowly ia 
streams along the walls, 
as in Cham, the current^ 
octtisionally anastomosing 
with each other (fig. 4'2(. 
C). Within aiiout tliiity 
six hours after the first 
appearance of the iMmsitt- 
on any body, the proto 
plasm begins to accuniu- 
late in the dilated eiuh 
of the filaments, eeili of 
■which is then cut ofl'froni 
the remainder by tln' 
formation of a partition; 
and within tills dilatr.1 
cell the movement of th- 
protoplasm continues foi 
a time to be distinguisli 

able. Tery speedily, how- 
ever, its endoplasm .show ' 

the appearance of being other oal 

masses, which are at ut ^dlich gnuhidlv 

with the walls of the cell (lig. 4-7? " ^ Droner ccH-^'all: 

become more isolated, each seeming to / p . .,nd. when 

they then begin to move about within the i^ient ten , 

1 Cowr^S''! vol. Ixxx. 1S77, p. B14. rinkL'i.1 anion? 

2 [Thie plant, tliough. as an inhabitant of water, f. account of '.t-; 

^generlllv as Pelongmg to the f';™?, ,ho hdiot 

incepLity (of the proclaot.on ol eWm'oP 'jf. “V Ih “noorWoneot., U - 'i > 
onimels, from whose juices its cells seen the Whes o' 

irilSsf^'^reTacstS^ aileaseto w-hich saluiou arc hahlc ■ 


Fig. 427.— Development of Ac/tlyri proli/era: A, ^ 
dilated extremity of a filament b, separated 
from the rest by a partition fl, and contammg 
robsDores in progress of formation ; B, end oi 
tSZt after L cell-.vall has burst, and 
setting free 7.obspores, a, h, c ; C, 
filament, showing the course of the circulation 
of granular protoplasm. 
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iiiutnre, they ave set free by the rapture of its wall (B), and 
swarming about for a time, develop into tubiform cells rkem- 
hliiig those from which they sprang. Each of these zocisjiores is 
p,.s>essed of two flagella ; their movements are not so powerful as 
tliase of the zoospores of Vauckria, ami come to an end sooner. 
Tlic generative process in this type is pei -formed in a manner that 
may hp regarded as an advance upon ordinary conjugation. The 
,., 1.1 of one of the long tnbiform cells enlarges iiito a glolmlar dilata- 
tioiu tlic. cavity of which becomes shut off by a transverse itartition 
Its coiitaiued endoplasm divides into two," three, or four spennents' 
,,arh of ttliieli takes a glolmlar form, and is then fertilised %’ the 
|,eiU‘tration of an antheridial tubewvhiclt comes off from the filament 
little below the iiartition. The oosp(jres thus produced, escaping 
li-om tlie globular cavities, acquire firm envelopes, and may remain 
unchanged for a long t,ime even in water, when no appropriiUt* nidus 
exists for them ; but will quickly germinate if a dead insect or other 
suitable object be thrown in. 

One of the most curious forms of the lower alga- is (lie ‘ water- 
net.' Hydrodictyon reticulatum, which is found in fresh -water pools 
ill the midland and southern countie.s of England. It.s frond con- 
sists of a green open network of filaments, acquiring, ^^•hen full 
;ri-(nvn, a length of from four to six inches, and i-omposed of a vast 
uumherof cylimlrical tubular cells, whicli attain the length of four 
lines or more, and adhere to each other by tlnur rounded extremi- 
ties, the iKnnt.sof junction corresponding to the knots or intersections 
ot tlie network. Each of these cells may form within itself an 
enormous multitude (from 7,000 to 20,000) of zoospores, which at a, 
(■ertam stage of their development are observed in active motion in 
its Ulterior, but come to rest in the course of about half an hour 
then arrange themselves in sueli a way that by their elongatioii 
they again form a net of the original kind, which i.s set free by the 
.lissoliitionofthe wall ofthe iiiother-eell, and attains in tlie course 
•tt three or four weeks tlie size of the mother -colony. Besides these 
itodies, liowever, certain cells produce from 30,000 to 100.000 
'iiiicrozodspores ' of longer shape, each furnished with four loner 
llii.!:ellaHiLi(_a red ‘eye-spot;’ these escape from the cell in a .swarm^ 
mi move fi-eely m the viater for some time. Conjugation between 
tiK-se smaller zoo.sporcs has lieen observed to take place sometimes 
even with the mother-cell. The resulting body or ‘zygospore' 
ivtams Its green colour, but becomes inve.ste<l with a firm cell-wall 
'' ccflulose. Tu this condition these bodies may remain dormant 
i<'v a considerable time, and are described a.s ‘ hvpnospores ’ or 
they arc able to endure being 
^fl'l^^tely dried up without the loss of their vitality, provided that 
w tl the action of light, which causes them to 

ifAh 'Vlx.' ^ resemblance to the 

change that manifests itself in them, 
tf'ey begin to germinate, is a sim|)le enlargement; next the 
fuYi succe-ssively into distinct masses, usually 

or lour in luiiuber ; and these, when set free bv the giving wav 
ffe enveloping membrane, iircseiit the cliaracter.s of ordiiiarv 
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zoospores, eiich of them possessing two flMgella at its anteri. .r 
transparent extremity. Their motile condition, liowever. 
last long, often giving place to the motionless stage before h;,v,. 
quite freed themselves from the parent-cell ; they then proj* , t Jon,, 
angular processes, so as to assume the form of irregular 
at the same time augmenting in size; and the endochromc (oiitaiu^ii 
within each of these breaks up into a multitude of zoospores, wtioj, 
are at first quite independent and move actively within the 
cavity, but soon unite into a network that becomes investt-.l witii 
a gelatinous envelope, and speedily increases so inuch in size as u 
rupture the containing cell -wall, on eswiping from which it pi'k^sent. 
all the essential characters of a young llydrodictyon. Tlie r!i])i(litv 
of the growth of tills curious organism is not one of the 
remarkable iiarts of its history. The individual cells of which tli,. 
net is composed, at the time of their emission as zoospores, nit'asin'f' 



Fio. 428.-Various phases of development of Pediasfrtim (jrainduimn. 

no more tlian ^,i, ,th of an inch in length ; but in tlip course of 
few hours they grow to a length of from i\ 2 fh to ^rd ot an luc h 
The memhVs of thie Ihmilv Pediastreae were formerly imkideii 
in the Desmidiacece ; but, tbougb doubtless related to ihem m 
cei'taiii particulars, they present too many points of difference to j* 
properly associated with them. Their cliief point ol reseniiaiitr 
consists in the firmness of the outer covering, and hi the 
interruption of its margin either by the protrusion ^f ‘ h^nis ( 
428, A), or by a notching more or less deep (fig. 429, R) i hu 
differ in these two important particulars— that the cells aie ' 
made up of two symmetrical halves, and that they are ahvi>^» ou i* 
in aggregation, which is not, except in such genera as | 

which connect this group with the Desmids, in linear ,• 

the form of discoidal fronds. In this tribe we meet wit i a 
multipliciition by motile ‘ megazoospores ’ which 
formation of the motile spheres of Volvox, and which ta u ^ B < 
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a inrtiiner that the resultant product iiuiy vary greatly in the 
liuiahev of its cells, and consequently both in size and in form, 
j'lnis ill Pediastyiviti grmulatim (fig. 428) the zoospores formed by 
tlic subdivision of the endochrome of one cell, which may be foui‘, 
.eiaj it. sixteen, thirty-two, or sixty-four in number, escape from the 
puH*! it -frond still enclosed in the inner layer of the colb wall ; and it 
is within this that they develop them.selves into a cluster resembling 
tli.'it in which they originated, so that the frond may be composed of 
Hthcrof the jiist-mentioned multiples ui* siih-inultiples of 16. At 
A is seen an old disc, of irreguhir shape, nearly einjitie*! by the 
emission of its zoospores, which had been .seen to take jilace witliin 
II few hours previously from the cells rq &, c, d, e ; most, of the 
eiii|.ttv cells exhibit the cross slit through which their contents had 
becn Vlischarged; and where thb does not present itself on the .side 
next the observer, it i.s found on the other. Three of the cells still 
jxjsse.'^s their coloured contents, but in ditferent condilion,s. One of 
them exhibits an eariy stage of the subdivision of the endoclirome — 
namely, into two halves, one of which already appears halved again. 
Two others are filled by sixteen very closeh' crowded zobspoi'cs, only 
liair of which are visible, as they form a double layer. Beside.s 
these, one cell is in the very act of discharging its zoosjwres, nine of 
which hai e passed forth from its cavity, though si ill enveloped in a 
vesicle formed by the extension of its innermost membrane ; whilst 
seven yet remain in its interior. The new-born family, as it 
appears immediately on its complete omission, is showji at, B ; the 
xolispores are actively moving within the vesicle, and they do not as 
yet show any indication either of symmetrical arrangement or of 
the peculiar form wliich they are subsequently to assume. Within 
a (juarter of an liuur, liowT-ver, the zoospores are observed to settle 
down into one plane, and to assume some kind of regular arrange- 
iiieiil. most comuionly that seen at C, in ^'liicli there is a single 
central body^ suiTouiided by a elide of fis'e, and this again by a 
circle of ten ; they do not, however, as yet adhere firmly together. 
Tlie zoospores now begin to develop themselves into new cells, 
increase in size, and come into closer approximation (D): and the 
edge of each, especially in the marginal row, presents a notch which 
foreshadows the production of its characteristic Miorns,’ Within 
sibont four or five hours after the escape of the zoospores, the clust,e)' 
has come to assume much more of the distinctive aspect of the 
species, the marginal cells having grown out into horns (E) ; still, 
liowevcr, they are not very closely connected with each other, ami 
heUvecn the cells of the inner row considerable spaces yet intervene. 
It is in the course of the second day tliat the cells become closely 
^‘I'plied to each other, and that the growth of the horns is completed, 
seas to constitute a perfect disc like that seen at F, in which, how- 
ever, the arrangement of the inteidor cells due.s not follow the 
tvqdcal plan.^ The formatiem of ‘ mievozodspores ’ Ims also been 
observed, wlikh have been seen to conjugate. 

' See Prof. Braati on The FheHo}iie>io?i of iJfjaw’HfSCOice in A’a/iot, published 
)'y the Ray Society in 1^53; and its subsequent memoir, A /</f070it TJnicelhilarum 
--'cnera ant minus ovgnitci, 1855 . 
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The vai'ieties which present tliemselvcs, indeed, both as i,, 
number of cells in each cluster and the plan on which they .ti ,1^,. 
posed, are such as to baffle all attempts to base specific distinc t ini)., 
on such grounds ; and the more attentively the life-histoiy <.f :,nv 
Olio of these plants is studied, the more evident does it apjK-iVi.' 
uiany reputed ‘species’ have no real existence. Some of 
indeed, are nothing else 1 han mere tmnsitory forms ; thus it can It.* 
scarcely doubted that tlie specimen represented in fig, 429, 1). uiiilci 
tlic name oi Pediaiitrum pertasum^ is in reality notliiug else tliau a 
young frond of P. gramdatmi in the stage represented in fig. 42H. 
but consisting of thirty-two cells. On the other hand, in fig. t*29. E, 
we sec an emptiwl fi'ond of P. granidatinn^ exhibiting the pecaliai- 
surfacc-marking from which the name of the species i.s derived, bm 
composed of no more than eight cells. And instances every uoiv 
and then occur in which the froml consists of only four cells, cacli nf 


B 



Fig. 429. —Various species (?) of Fediastrum : A, P. tefras; B, C, P. Ehredmjtr, 
D, I^. ; E, empty frond of P- ijrannitituin. 

them presenting the two-horned sha]ie. So, again, in fig. 4^0, Band 
0, are shown t^vo varieties of PediasirHm Ekve}der(ju, whose frond 
is normally composed of si.xteeii cells ; whilst at A is figured a fonii 
which is designated as P. tetvas, but which may be strongly .^nspectod 
to be merely a four-celled variety of B and C. Many similar ca^e^ 
might be cited ; and the Author would strongly urge those iniao- 
scopLsts who have the requisite time and opportunities, to apply 
themselves to tlie determination of the reed spmes of tliese gronps 
by studying the entire life-history of whatever forms may ha])j'ent<' 
lie within their reach, and noting all the \-arieUes which ])resent tlunii- 
selves among the oftsets from any one stock. The characters oi sum 
varieties are diffused hy the process of binary subdivision amongst 
vast mill titudes of so-called individuals. Thus it hapipeiis t ut, a. 
Mr, Rails has remarked, ‘ one pool may abound ivitli indi'idaa > 
Stauraatrivni dejcctuvi or ArthTode^'fuus ‘mens liaving the nuun 
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i.ui'veil outwiirds ; in a neighbouring ^kioI every s|ievimen may Iiave 
it i-urvfi(l inwards ; and in another it may be straight. The cause 
nt'tiie similarity in each pool no doubt is tbttt all its plants are off- 
srts fi'oin a few primary fronds/ Hence tlie universality of anv 
particular character in all the specimens of one gathering ‘is by no 
means sufficient to entitle these to take rank as a distinct sitecies • 
since they are, properly sjieaking, but repetitions of the me’ variety 
liy a process of simple multijilication, really representing in their 
entire aggregate the one plant or tree that gmows from a .4'ngle seed. 

Almost every pond and <liteh contains some meuibers' of tlie 
tamily Confervacese ; but they are especially abundant in movijiLr 
\vatev, and they constitute the greater ' ” 


part of those green tlireads which 
une to be seen attached to stones, 
with their free ends floating in tlie 
direction of the current, in every 
ni lining stream, and upon almost 
every part of the sea-shore, and 
wliich are commonly known under 
the name of *silk-\veeds,’ or ‘crow- 
silk/ d'heir form is usually very 
regular, each thread being a long 
eylinder made up liy the union of a 
single filament of shoi-t cylindrical 
i-ells united to each other by their 
iiattened extremities ; sometimes 
these threads gi\e off lateral 
hratiches, which liave the same 
striietiire. The eiulochrome, though 
usually green, is occa.sioiially of a 
bi-own or purple line, and is iisuallv 
di.strlbutecl uniformly throughout the 
cell (as in fig, 4:10)‘ ^Plie plants of 
thi.s family are extremely favourable 
subjects tor the stnrly of' the metliod 
of cell -multi plication by binary a ah- 
’Udsion. This process usually, but 
not always, takes place only In the 
t^riiunal cell; and it may be almost 
always observetl there in some one of 



Fkk 4 an. —Process of ccll-imillipli- 
cation in Clddoplinyci ^lomenfU! : 
A, portion of filament with iiicoui- 
piete separation at r/jand complete 
partition at b ; B, tlie separation 
completed, a new cellulose parti- 
tion being formed at a ; C, fonna- 
tionof additional layers of cellulose 
wall, beneath the mucous in- 
vestment, d, and around the 
ectoi)liis]n, n, which encloses the 
ciidoclironie, b. 


its stages. The first step is seen to l.)e the subdivision of the 
nuloc u-oine, and the inflexion of the ectoplasm around it 
I'g. 4.5(1 A, u); and thus there is graduallv fonued a sort of 
)iom‘-glas,s^ contraction across the cavity of ^he parent-cell, bv 
r It «ito two equal halves (B). The two surfimes 

r,. utricle produce a double layer of cellulose mem- 

luiie between them. Sometimes, howe\'er, as in ClmbpJwra 
nnmita (a. comnum speedes), new' cells may originate ns ftranclms 
( mi any part of the surface by a ju'ocess of budding, wdiieh, 
difierenco of mode, agrees with that just 
‘‘•wTued in \u essential character, being the result of the sub- 
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division of the original cell. A cerhiin portion of the cctopl ism 
seems to undergo increased nutrition, for it is seen to pr<.;.;vt, 
carrying the cellulose envelope before it, so as to form u litvle 
protuberance, and this sometimes attains a considerable lesi^^tli 
before any separation of its cavity from tlmt of the cell \vhi(di g:,ve 
origin to it begins to take place. This septmation is gradu.illy 
efik;ted, however, by the infolding of the ectoplasm, just as in the 
preceding case ; and thus the endochrome of the branch cell bccoines 
completely severed from that of the stock. The branch then bogii\s 
to elongate itself by the subdivision of its first-formed cell ; and tins 
process may be repeated for a time in all the cells of the filament, 
though it usually comes to be I’estricted at last to the terminal rell. 
The very elongated cells of some species of Confervaceie are 
characterised bv the possession of a large number of nuclei. 1 hoy 
are m ultiplied by zoospores, produced appirently indifferently tVoin 
any cell of a filament, by free-cell formation. These zoospores m-o 
of two kinds, larger or smaller ; the larger kind have either two or 
four cilia, and germinate directly ; the smaller are biciliated, :md 
conjugation between them has been observed. 

JS early allied to the Confcrvaceje is a very interesting plant in 
which a true sexual mode of reproduction has been observed. Sphaero* 
plea annulina, the development and generation of which have l)oeii 
spetdally studied by Dr. F. Cohn.^ The oospore, which is the pio- 
diict of the sexuarprocess to be presently described, is filled wlu-n 
mature with a red oil, and is enveloped by two membranes, of wlucli 
the outer one is furnished with stellate prolongations (fig. 4dL Xo. 1), 
When it begins to vegehite, its endochrome brcjtks up— first into 
two halves (No. 2), and then, by successive subdivisions, into ninnerons 
segments (Xos. 3, 4), at the same time becoming green toward., its 
margin. These segments, set free by the rupture u f their contaunnij 
envdope, escape in the form of motile zoospores, which arc at first 
rounded or oval, each liaving a semi-transparent beak whence proceed 
two cilia; but thev gradually elongate .so as to be(;ome fusiforia 
(Vo. 5), at the same time changing their colour from red to green. 
These move activclv for a time, and then, losing their motile power, 
begin to develop themseU es into filaments. The first stage in tln> 
de^'elopment consists in the elongation of the cell, and the separatam 
of the endochrome of its two halves by the interposition of _a vacuole 
(No. 6), and in more advanced stages (Xos. 7, 8) a repetition of the 
like iiiteriX)sition gives to the endwhroine that annular aiTange- 
ment from which the plant derives its specific name. This is seen 
at XTo. 9, a, as it presents itself in the filaments of the adult plant ; 
whilst at h, in the same figure, we see a sort of frothy aiipeaiaiice 
which the endochrome comes to possess tlirough the inidtiphcatioii 
of the vacuoles. The next stage in the development of the filainciits 
that are to produce the oosplieres consists in the aggregation n tie 
endochrome into definite masses (as seen at No. 10, «), which 
become star-shaped (a.s seen at ?>), each one being contained within a 
distinct compartment of the cell, in a somewhat more adiancea 
stage (as seen at .Xo. 11, rt), the masses of endochrome begin to (Iran 
1 Ann. den Sri. Aaf. 4emc s^Jr,, Bot,, tom. v. 1856, p. 187. 
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rhoiMiselves together again; and they soon assume a globular or 
ovoidal shape (J), whilst at the same time definite openings (c) are 
farmed in theii* containing cell-walL Through these openings the 
:inthero 2 oids tleveloped within other cells gain admission, as 
diown at 1^0. 12, d ; and they become absorbed into the l)efbre-men- 


7 



iii n 12 ]3 ;j, 



Fig. 401.— Dcveloiuneiit and veproductioi: of Splueroplea. 


tioned masses, which soon afterwards become invested with a firm 
iiiciiibranous envelope, as shown in the lower part of Xo, 12. These 
undergo further changes whilst still contained within their tubular 
parent'cells, their colour pa,s.smg from green to red ; and a second 
in\estment is formed within the first, which extends itself into 
stellate prolongations, as seen in Ko, 13; so that when set free 
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they precisely resemble the mature oospores which we have taken :is 
the starting-point in this curious history. Certain of the cells (us 
in No. 14), instead of giving origin to oospores, have their anmilju- 
collections of endoelirome converted into aiithcrozoids, whicli. ;is 
soon as they have disengaged themselves from the niiicilagiiuuK 
sheath that envelopes them, move about rapidly in the cavity of tlihr 
containing ceil (a, h) around the large vacuoles which occupy Its 
interior, and then make their escape through apertures {c, d) whidi 
form themselves in its wall, to find their way through similar^ajuT- 
tures into the interior of the oogones, as already destTihed. These 
antheroaoids are shown in No. If), as they appear ^yhen swiuuninir 
actively through the water by means of the two cilia which (>ach 
po.ssesscs. The peculiar interest of this Ih.stoiy consists in the entire 
absence of any special organs for the generative process, the ordinnry 
filamentous cell developiiig oospliere.s on the one hand and anthevo- 
zoids on the other, and in the simplicity of the means by whicli llu* 
fecundating pr<x‘-ess is accomplished. 

The (Edogoniacese resemble Confervacece in general aspect and 
habit of life, but differ from them in some curious particulars. As 
the component cells of tlie filaments extend tliemselve.s longitudi- 
nally, new rings of cellulose are formed successively, anti ai'e inter 
ealated into the cell-wall at its upper end, giving it a ringed a[)p(^ar- 
aiice. Only a single large zods])ore is set free trom each cell ; and 
its liberation is aecoinplisheil by the almost complete fission of the 
wall of the cell through one of these rings, a small part only remain 
in O' uneleft, whicdi serves as a kind of hinge whereby the tno parts 
of*^the filament are prevented from being altogether separated. 
Sometimes the zoospeme does not completely extricate^ itself from 
the parent-cell ; and it may begin to grow in this situation, the 
I'oot-likc processes which it puts forth being extended into the 
cswity. The zoospores are the largest known in any class of algie. 
each has a nucleus, a red ' eye-spot,’ and an anterior iivaline spot te 
which is attached a tuft of cilia visilile even before its escape trom 
its mother -cell. 

In their generative process, also, the (Udogon iame show a curious 
departure from the ordinary type; for whilst the oospheres aij 
formed within certain dilatecrcells of the ordinary filament (fig. 44-. 
A, No. 1), which may be termed oogones, and are fertilised by the 
penetration of anlherozoids (No. 2), tliese antherozoids arc not, in 
the species, the immediate product of the sperm-cells of the same or 
of another filament, hut are developed within a bo.ly_ terined aii 
androspm’e (No. 5), which is set free from within a special cell (Ao. 
4), and which, being furnished with a terminal tuft of cilia, and 
motile powers, very .strongly resembles an ordinary zoospore. 
androspore, after its perio.l of activity has come to an end, attadies 
itself to the outer surface of an ocigone, or ot a cell in close pioxi 
inity to an oogone, as shown at No. 1, 6 ; it then deyelopes into 
verv small male plant, known as a dicarf-male, consisting o ''o oi 
three cells ; the terminal of these cells is an antlierid, from the 
of which a soit of lid drops, as seen in the upper part of ^ 

which its contained antherozoids (No. 2) are set free ; am a 
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sane time an aperUire is foriurnl in tJio wall of the ocigone by 
wliioh the antherozoifl enters its cavity and fertilities its oosphere by 
l«H‘(.nmng a hsorbed into it. T1 1 is mass thei \ 1 jceomes an oosjKire (N o. 8), 
inve.sted with a thick wall of its own, but still retains more or less 
the em elope derived from the cell within whieli it was develo|)ed. 
The othces of these different <‘lasses of reproihtctive bodies are only 
now beginning to be understood, and tlu* inrjniry is one so franglit 
wifb plivisiological interest, and, from the facility of grow’ing these 
plants in aquaria, can be so easily pnrsncd, that it may be boped 


A: P 



Fig. 432. A, Sexual generation of (Edogo))iiim : 1, filament with two 

oiigones in process of formation, the lower one having two androsporea attached to 
its exterior, the contents of the upper oiigone in the act of heing fertilised by the 
ciitruiice of an antherozoid set free from the interior of its androspore ; 3, free 
autherozoids ; 3, mature oospore, still invested with the cell-inemhranc of the 
parent-filament; 4, portions of a filament hearing special cells, from one of which 
an androspore is being set free ; 5, liberated androspore. 

B, Branches of Chwtopliora elegans, in the act of discharging ciliated zoiiapores, 
which are seen as in motion on the right. 


that the zeal of micmscopists will not long leave any part of it in 
ebscurity. 

The Cli®tophoraceae constitute a beautiful and interesting little 
group of c|:)ufervoid plants, of which some species inhabit the sea, 
whilst oihers are found in fresh an<l jiuro water — rather in that of 
gently iiioving streams, how'ever, than in strongly flowing cuiTcnts. 
thuieraliy speaking, their filaments put forth lateral brandies, and 
extemt tliemselvos into arborescent tVonds ; one of the distinc- 
tive charad^ers of the group is afforded by the fact that the 
extremities of these brandies are usually prolonged into bristle- 
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ihaped processes (fig. 432, B). As in many preceding cases, tli.-c 
plants multiply themselves by the conversion ot the endochromi- ,f 
lei-tain of their cells into zoospores, and these, when set free, mv,.. 
5 een to be furnished with either two or four cilia. ‘ Resting- 
mores' have also been seen in many species. One of the must 
beautiful objects under the microscope is Draparnaldia ghmemin^ 
not uncommon in still water. It consists of an axis composed of a 
single row of large transparent cells containing but a small quantity 
of chlorophyll. From this proceed at regular intervals whorls uf 
slender branches, the endochrome of which is deep green, and every 
branch ends In a delicate hyaline hair of extraordinary length. Tlie 
mo<le of reiiroduction of the Chcetophonicece closely i esemble.s that of 

the Confervacece, .... , 

The Batrachospermeae, whose name is indicative nt the strung 
resemblance which their beaded filaments bear to trog-spawn, are 
now ranked as humble fresh water forms of a far higher, chiedy 
marine, group of algse, the Rkodospermece, or red sea-weeds. But 
they deserve special notice here on account of the simplicity of tlmir 
structure, and the extreme beauty of the objects they afford to ilm 
microscopist (fig. 433). They are chiefly found in water wliicii is 
pure and gently flowing. ‘ They are so extremely flexible,’ says Dr. 
kas.sall, ‘ that they obey the slightest motion of the fluid whirli 
.surrounds them ; and nothing enn surpass the ease and grace of 
their movements. Wlieii removed from the water they lose ail 
form, and appear like pieces of jelly, without trace of orgmnisj^tion ; 
on immersion, however, the branches quickly resume their formei- 
disposition.’ Their colour is for the most part of a brownish green, 
but sometiine.s they are of a reddish or bluish purple. The central 
axis of each plant is at first composed of a single filament of large 
cylindrical cells laid end to end; but this is suhse(j a ently invested 
by other cells, in the manner to be presently descidbed. It bears 
at pretty regular intei'vals whoids of short radiating branches, eacli 
of which is composed of roiinde<l cells, arranged in a beail-like row. 
and sometimes subdividing again into two, or theiuselves giving oil’ 
lateral branches. Each of the primary hranclies originates in a little 
protuberance from the primitive cell of the central axis, precisely 
after the manner of the lateral cells of Cladophora glomerata ; as tins 
protuhernnee increases in size, its cavity is cut off by a septum, so 
as to render it an independent cell ; and by the continual repetition 
of the process of binaiy subdivision tins single cell becomes con- 
verted into a beaded filament. Certain of these brjrnchcs, however, 
instead of radiating from the main axis, grow downwards iqKin It. 
so as to form a closely fitting investment that .seems properly to 
belong to it. Borne of the I'adiating branches grow out into loiig 
transparent bristles, like those of the Chcvtophoracf^o’ \ and witliin 
those are produced antherozoids, wliicli, tlunigh not endowed witli 
' the power of spontaneous movement, find their way to the oospheres 
contained in other paiTs of the filaments; and by the fcrt.il i«il ion 
of the contents of these are produced the somewhat complieatcil 
fructifications known as cyslomrps, placed in the axils of the 
branches {fig. 433). 



i?atrachospt:kme;e ; coleoch^:tace.e ; characea^ 


575 


A very singular rektioiiship, called by some writers an ‘alter- 
nation of generations,’ exists between Batm(^o(^perimm and Chan- 
iA(nsi((, a genus of fresh-water algje previously placeil in a totally 
diifereiit section. This relationship was first described by Sirodot‘^ 
Mini his observations have since been confirmed b}- others. The 
ovriuiiuiting spores of Batrachosp6rmnvi put out/ under certain 
c, 111(1 itions, a kind of filament, knoun as a proton me, which develops 
inti) a ClKoitiWisiQ; a non-sexiial form of BatTochospermuiUf which 
ran reproduce itself from generation to generation by simple 
budding, or by means of non-sexual spores, without producing 
sexual organs, Chrintrimsia is especially Ibiind in water where very 
little light reaches it. When more ex^xised to light it undergoes 
metamorphosis, and then a branch springs up from the protoneme 
winch is in every respect a Batmehospermum; hearing true sexual 
(tigan.s, as above described. 

This may then go on repro- 
ducing itself, or revert to the 
Ckfodranaia form. 

The Coleochgetacese are a 
small order of fresh - water 
Algal, chiefly represented by 
the gpim.s GokochceU, which 
forms minute discs or cushions 
attached to submerged plants, 
fmm ,b to ^ inch in diameter, 
consisting, in the simplest 
forms, of a single layer of cells, 
often arranged in rays proceed- 
ing from a common centre. 

Ue])rodiiction takes place noii- 
scxually, liy means of zoiis pores, 
or sexually, by the fertilisation 
of an oiigone by motile anthem- 
zoids, tlii'ough the agency of a 
peculiav tube knovyn as a trichogym, a forecast of the more com- 
plicated process wliich we shall presently meet witli in the Floridem 
or Riiodospennem, the highest class of Algm. 

Among the highe.st of the Algie in regard to the complexity of 
their generat ive apparatus, which contrasts stvonglv with the general 
■''impliciiv of their structure, is tlie family of Characeae,- some 
members of whicl I have received a large amount of attention from 
imciYwcopists on account of the interesting phenomena they exliilfit. 
ifiese plants arc for the most part inhabitants of fresh waters 
m-e found ratlier in such as are still tlmn in those which 
Jjve m motion; a. few species, however, may be met witli in 
aircfies pilose waters are rendered salt by eommunicatioii with the 
"c'a. iJicy may be easily gTown for the purposes of observation in 



' Sirc'^ot, Li>s Brtirnrltosyiermhs, fo, 1884 . 
i)ioden//L?i aiitborities regard tlw CJwramp, in consequence of their 

and 1 pnnmry cliaracter, of equal rank with the Alga?, 

ana hupeuor to thenun organisation.-Er,] ^ ’ 
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large glass jars exj^osed to the light, all that is necessary beiui^’ 
ponr off the ^vater (fcciisionaliy from the upper pai-fc of the vr.v.,,.) 
(tluis caiTving away a him that is apt to form on its surface). ..n,] 
to re[)laee this by fresh water. Each plant is com.posft<l 
assemblage of long tiibiform cells placed end to en<h with a di>i!i),.j- 
central axis, around which the branches are disposed at intervalv 
with great regularity (fig. 4^14, A), lu yitella the stem ;))}(] 
branches are composed of simple cells, which sometimes air:ii)- 
the length of .several inches ; whilst in most spe^nes of Cham v^u]) 
central tube is surrounded by an envelope of smaller ones, wlmh U 
formed as in Batmckospenmim, save that the investing cells 
upwards as xcell as tloAvnwards from each node, and meet oacli otlu*)' 
on the stem halfway between the nudes, their ends dovetiuliua 
into one another. These inve.sting tubes constitute what is teniad 
the ‘ cortex ’ of Chara. They are of smaller diameter tliau the coni n] 
tube, and are arranged spirally round it, giving the stem a twisted 
appearance. Each ‘node,’ or zone from which the branches S})!-!!!!;, 
(‘onsi.sts of a single plate or layer of small cells, which, in ChaiuK aiv 
a. coiitiunat ion of the cortical layer of the ‘ internode.’ The branches 
are altogether similar in .structure to the primary axis, and 
terminate in a large elongated pointed (;ell, whidi is not ctn ert'd bv 
the cortex. From the lower part of tlie stem ‘ rhizoids ’ or roatinij 
filaments are put out, which attach the plant to the soil. 8.)iiir 
.s|)ecie.s have the power of secreting carbonate of lime from tlie 
water in which they grow, if this be at all impregnated Avitli 
calcareous matter ; and by the deposition of it beneath their tegu- 
ment they have gained their popular name of ‘ stonew’orts,’ The 
long tu biform cells of Xifsllo,, and the terminal nncorticated cells of 
the branches of Chara, afford a very beautiful and instructive display 
of the phenomenon of oi‘ robitiou of protoplasm in their 

interior. Each cell, in the healthy state, is lined by a layer of 
chlorophyll grains, which cover every part, except two longitudiiiid 
lines that) r-emain nearly coloarlR.s.s (fig. 434, J3) ; and a constant 
.stream of semi-tluid 'protoplasm, containing starch grains and 
chloi'ophyll granules, is seen to flow over the green layer, the 
current passing up one side, changing its direction at the extremity, 
and flowing down the other side, the ascending a] id descending' 
Spaces being bounded by the transpaieut lines just mentioned. In 
the young cells the rotation may be .seen before this granular 
lining is formed. Tlie rate of the movement is affected by any thiiii.' 
that influences tlie vital activity of the plant; thus it is accelerated 
by moderate warmth, whilst it is retarded by cold ; and it may he 
at once checked by a slight electidc discbaigc thi'ough the plant. 
Carried along by the protoplasmic stixmm are a number of solid 
particles, whicdi consist of starchy matter, and are of various si'/.e.'. 
lieing sometimes very small and of ileliuite ligure, \vhils<> in other 
instances they are seen as large irregular masses, wdiich appear tn 
be formed by the aggregation of tlie siiiallev particles. ’The [iroduo- 
tion of new cells for tlie extension of the stem or braiudies, or for 
the origination of iie^v wdiorls, is not here accomplished by the 
sul)divi.sion of the parent -cell, but takers place by the method ot out- 



CIIARACE.IC 


577 


>.i-,)\vth (fig. B. <?,/, f/, A), wliicli, as already shown, is nothin, i; 
fiuT a modification of the iTsiial process of coll -multi plication ; m 
ilii> inarmer the extension of tlie individual plant is eftecteci with 
•onsiilerable rapidity. When these plants i\re well supplied with 
liiiTriment, ami are actively vegetfiting under the infiuence of light, 
^\■;^nurh. <tc., tliey not luifreqiiently develop ‘ bulbils,’ which are 
lirtle clusters of cells, filled with sturcJi, that sprout from tlic sides 
nt rluM-eutral axis, and then, falling off, evolve the long tubiform 
(.(hs chavactei-istic of the plant from which they were protluced. 
There are also several other uou-sexual ways in which these plants 


A » 



Tk.. 4a4> fic.vilt.s: A, Steia untl bviiiifhfs of the natural size : r, W, onr 

whfirls of hranpiif‘5 issuing from the stem; e, /, subdivision of the branfhes. 
]>, Vovtion of the stem and branches cnlarjjecl ; o, joints of stem; r, d, whorla ; 
n, /. new cells, sin-ontiiij? from the sides of the branches ; g, h, new cells sproutiii}: 
at till.' extremities of the branches. 

iivf icjirodtioed, hut they are pecidittr among (•ryjitogams in not 
liindut'ing true spores, either sttitionary or motile. The Chfd'acm 
hiay hn multiplie<l hy artificial subdivision, the se|varated parts 
I'niiiiiiuiug to grow under favourable circumstances, and gvaduiilly 
'lovclnpiiig tlieuiselve.? into the typical form. 

'file genevativc' ap])aratus of Clinracm consists of two sets of 
bndins, both of wliicli gi'ow at the bases of the la'anches (fig. diir). 
A. 1»), either oir tlie same or on different indl\'iduals ; one set, 
t'lniievly known as ‘globules/ are re^dly (nithfrkls\ whilst the 
''flici-. known as ‘nucule.s,’ contain tlie oospherf^B. and are true 
‘"'goiies or arckc^jot\fs. The glolmles. which are nearly sphericah 
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and often of a In iglit red colour, liave an envelope made up nt' 
triinigul:»r iilates; or ‘shield^>' (B, C), often curiously marked. .vlii(.]i 
encloses i\ central portion of a light reddish colour; this cut];,] 
portion is principally composed of a mass of filaments i*o]!,.4 
(‘ompactly together. From the centre of the inner face o!‘ 
sliield a cylindrical cell termed \i.manu}}rlum projects inwards ii. jn lv 
to the centre of the spliere. The antherid is supported on a 


A. B 



fra;. 4;5-j. (reiiei'iitive, organs of Churn /rrit/ihs: A, antherid or glotide (levdi'iNd 
al the base of ardiegone or nucnle: B, luiouk* enlarged, and globule laid <'1 ihh l>y 
tlie separation of its valves; C, one of the valves, with its group of aiitijeridkl 
tilanients each composed of a linear series of cells, within every one of wliiib an 
anthevozoid is formed ; in L), E, and F the successive stages of "this fovtnati(.'ii ara 
seen ; and at G is shown the escai)e of the mature antheroeoids, B. 

tlfisk -shaped pedicel, winch also projects into the interior. Al 
ape.v of each of the eight inanuhria is a j'onmlisli hyaline eell. calletl 
a wp'ttnlinii, and at the apex of each capitnlnni six smaller cells or 
■ secondary capitiila.' From the centre of etuh of these Mrnndaiy 
capitnla grow four long wliijesltapod filaments (C), constitiuiug the 
mass already referred to. The nuinht'i* of thes(> filaments in each 
aiidierid is ahout 200, and each of thc.se filaments divides ly 
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.,,;iUsv<‘Vr^e septii into from 100 to 200 small ilisc-filiajxMl cells, which 
therefore, from 20,000 to 40, (KH) iu each aiitheihl Ju 
cvi'W one of these cells there is formeO, hy a gradual change in its 
,-.i)itejits (the successive stages of wldcli arc seoi at 14, E, F), an 
;i!]thci’ow)i(l, a spiral thread of pr(.itopIasm consisting of two or three. 
(■Mils, which, at first motionless, after a tiiiic l)egins to move and 
iH^dlvc within the cell, and at last the cell-u-all gives way, and the 
.pivai thread makes its escape ((1), partially straightens itself, and 
moves actively through the water for soiiie time (H) in a tolerably 
iktenninate directioin by the lashing action of two long and very 
(h'licatc cilia with which it is furnished. The exterior of the nacule 
(A, ii) is formed by five or ten spirally twisted tubes that <dve it a 
very })eculia]' a.s])ect ; and these enclose a (‘(‘utral .s;u' containin'-f 
jirotoplasm, oil, and starch grains. Each of tlie.se tubes consists in 
n^ lower part, of a very long unseguiented cell ; while at its npjjei- 
juit two .small cells are segmented off; and these small cells of all 
flic tubes form together the ‘crown’ of tJie nucule. Wlmn j-eadv 
ihr Iccrili.sation t!ie b]*anches of the crown part slight! v. forming an 
(ipi‘U passage or ‘ neck ’ down to the central germ-cell or oospheve ; 
and tlirongh this canal the anthero/.oids make their way down to 
perform the .let of fertilisation iiy l>eeoming absorljeil into the 
substance of the ohsphere. Ultimately the nucule, which has now 
hccome a liavd black body, falls faif, and the fertilised genn-ccll, or 
oi'ts)iore. gives origin to a new plant after 1he nucule has remaijied 
iloiaiiant tlirougb the w'intei-.^ 

Among those simple Algfv whose generative [a'oee.ss consists in 
lia* •cmijngation ’ of two similai' cells, there are two groups of sncli 
jieruliar intere.st to the inicroscojhst as to need a special notice; 
these are the .l)<>sh}ldi(fmH and the Dlatfuthimv. llotli of them 
were ranked hy Ehrenherg and some other naturalists as aninml- 
riiles; hut the fuller knowledge (»f their life-liistory and the more 
extended atapiaiiitance witii tiie parallel historie.s of other simple 
tnrnis of vegetation which iia\-e been giiined during the last twc/itv 
years. are now generally acce]itod as derisive of their vegetable 
Mature. 

The Desmidiacese are minute i>lants of a hriglit green colon i* 
growing ill fre.sh water; generally .speaking, tlie cells are indc' 
priahait of eacli otlier (tigs. 4:tfi-4:hl) ; hut sometimes tho.se wliich 


^ I'll" actyunt of the ('hm-naa" will he found iu Pi'of, Sachs’s T,'Xt-Bovh ol' 
-AkI Kuglish edition, p, Vavioiis observers have asserted that particles 
"I tile protopknuie contents of the cells of the Cltaran-u-. when set free by the 
niltinie of pieir cells, may continue to live, move, and as iiidependeiit rhizopods. 
MU Oic writer is disposed to think tliat the phenomena thus represented are rather 
ju le rcpi'ded as eases of parasitieni, the decaying cells of yiMbi having been found 
'j -leufeowski (Bcitrogt’ zur Kriminif^fi tier iluiKulcitjUi Arch,j\ Miky.AiUtt. Bd. i. 

' p. kl3! to be inliabited by niimite, spindle-shaped, ciliated bodies, which seem 
'J ouTesiK)iKl with the < spores ’ of the .Ui/a^moc'f/e.s, going through an am.ehoid stage, 

• i Uicn producing a /ihismudc whicli, after undergoing a >o]-t of ency.sting proet^s 
'^!!y lac.A's itp iiibosiiindle-siiaped particles resembling tliose fotmd'in the yilrlla 


gi'oap dates from the publication of Mr. 
s iwlmu-a lie moiiograxh of the British Desmids in l-stM, T,atcr iufoniialion in 
'‘ M « to It will be found iu tlie section contributed liv Mr. W. .Vreher to the fourth 
•'mion r,f Pritchard's litfiiwria, ami in Cooke’s Britidi Bmuruh, 18 t; 7 . 
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hiivo Ijecii produced Viy biiuuT subdivision from ii sinj^b* piuvi,t, 
cell reiuitiit adherent one to anotlter in line,“ir series, so as to foint :i 
tilaiuent 440 ; Plate IX, %, S). Pbey are distinguished bv uv„ 
peculiar features, one of these being the semblance of a divisidjj 
of eacli celt into two symmetricjii halves by a ‘sutural line.’ wliuL 
is sonietiuies so decided as t(* have led to tlie belief that tla* (-(41 
is really doulde (Plate Till, figs, '2. (>), tboiigli in oilier cums 
it is merely indiwited by a slight notch; the other feature is i|u. 
fret}ueney of })rojecti(ms from the surface, which are soiiictiiijts 
short and inconspicumis, Imt are often elongated into sjiim.,, 
(Plate A^llT, fig. fi), presenting a very symmetrical avraugcincut. 
4die«'i projections are generally formed by the cellulose eiucli^p. 
aloue, which possesses an almost horny consistence, so as to vctnii, 
its form after the dischai-go of its contents (fig. 436. B, D) ; while, iij 
other instances, they are formed by a notching of the margin uf 
the cell (Plate TX. fig. 1). which may aff(“ct only tlu‘ outer casing, mi- 
may extend into the cell -cavity. The outer coat is surroundeil ])\ 
very transparent sheet of gelatinous suhstaiice. which is sometime 
very dmtinct- (as sliown in fig. 440 ; Plate IX, fig. 6); hnt in 
<tther cases its existence is only indicated iiy its preventing tlie con- 
tact of the cells, Klebs states ^ that in Besmids, as in the uthei 
( this mueilagiiioiis slieath is composed of two portimis n 

homogeneous substance which is but sliglitly refvingcut, and n jinv- 
tion which consists of minute rods at right angles to the cclbwnll. 
[le regards the slieath as entirely independent of the suhstauce of 
the cell- wall, and as derived from the protoplasmic contents of tln- 
cell In’ diii'usiou thvougli the cell wall. The ti'ue cell-wall cucIomcs 
a [xivietal utricle, which is not always closely adherent to it: ami 
this immediately surrounds the endoclu'ome. which occupies nearlv 
the wdiole interior of the cell, aud in certain stages of its growth is 
found to contain starch granules. The endochrome ami stardi 
grains are arranged symmetrically in the two halves of the o41. 
often in very beautiful patteras, such as ixinds or stars, 

Maiiv s[)ecies of desmids liave a jiow er of slow movement in tin- 
water, the cause of which is not obvious, these organisms being 
entirely tlestitute of vibi'atile cilia. K lebs - tlescidbes this luoveimmT 
as being of four kinds, vix. : — (1) a forward movement on tIh- 
surface, one end of the cell touching the bottom, wdiile the othcrcml 
is more or less elevated, and osiolhitcs backwards and forwards: 
(2) fiu elevation in a direction vertical to the substratum, the fro- 
t‘ud making wude circular mo\eiueiits; (.3) a circular luntinir 
followed by an alternate sinking of tlm five eml ami elevation ft 
tlie other end; and (4) an oblique elevation so tliat both ends 
touch the bottom, lateral movements in this position, then an cie- 
\-}ition and circular motion of one end. and a sinking agjhii to :ni 
(dilique or horizontal position. Klebs regards all these moventenTs 
as d\m to an exudation of mucilage, and the fir^t two to the 
tiou during tlm motions of a filammit of mucilage l>y which rl'c 
(lesmid is temporarily attached to the hottom. aud which gradmdly 

' T''H(cr>iurhiiit{/(’n Bof. Tnfif. iSSfi, p 

' liiologinf'hrs CoitmJblatl, Iss.y p. 
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movements of desmids are espw'ially aetive wlien 
iliev are in tlie jA'Ocess of dividiiij^. Stalil foun<l that, like tla^ movi'- 
nu'iits of xoi (Scores, they are affected hy liji^ht. and always jrane 

t(»\Viir<l^ the light. vi 1 j ■ 

\ •cvelosis' may he readiiy observed m many Desmidiacf'O-. 
.(iid is paVticulai'ly ohvions along tiie convex and concave edges of 
(Ik- cell of any vigorous specimen of Closteriun}, with a magnifying 
j„,w(*r of 2o0 or 80U diameters (fig. 48(1, A, H). By careful focus 
i.in'' the fiow may l.)e seen in Inmd streams over the whole snrfin-e 
(if The endoclii’ume ; and tliese streams detach and cnriw with tliem. 
from time to time, little oval or globulai' bodies (A. which are put 
thrill from it. and are carried hy the course iff the flow to the trans- 
jtareut spaces at the extremities, where they join a crowd of similar 
)M)dics. In each of these spaces (13) a protojdasmic flow proceeds 
iViaii the soinowhat abrupt termination ot tlie endoohrome towanls 
the obtuse end of the cell (as indicated liy the interior ari'ows). 



1m(i, 4:10. — C\<.'losis in ChwOvv/i//; hotiiht : A, ciill sliiiwiiig ceiitviil sepaTAttoii at 

in wlikh the Urge iHU'Ucles, e, lU-iMiot seen; B, one extremity enlurged, showixjg 

the uKucotieiil (if jmrtieles in tlie coloiirless space ; D, cell in a state of division. 

md the globules it contains are kejvt in a sort of twisting movement 
'll the inmi' side (a) of the parietal utricle. Other (“urrents are 
s-en apjiareiitly external to it, which form three or four distinct 
-•mirses of particles, pas-sing tow:irds ami atvay from c (as imlicatc<l 
hy tlie outer arrows). Another curious movement is otten to be 
ivitnessed in the interior of the <‘ells of memliers of this family, 
wliich Iris been ilescrilied as ^ the. swarming of the granules, from 
the cxtraordinai'v re.seinhlancB whiih the mass ot particles in active 
vihraTory imition liears to ,a swarm of bees. It is especially 
(hsevvahlc in the hvaline terminal pentions of the cells ot species of 
^ loHkr'uhii, as shown in fig, 43fi. B. This motion rontinues for 
sniiie time after the particles have been exjielled by jn'essure from 
the interior of the cell ; and it appears to he an aetive form of the 
iiielefuli'.r movement common to other minute particles freely sus- 
li'Suleo in Hnid. Tliis movement of minute particles affords an 
it ist mice of the phenomenon known as Mlrownian movement.’ and 
is pruhably of a purely mechanii'id nature. 
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When the single cell has come to its full maturity it coimis-.ulv 
inultiplies itself l)y hinartf HiihcUrhion.] but the plan on which ihis 
takes pbiee is often peculiarly modifie<l. so as to niaiutahi Hir 
.symmetry characteristic of the tribe. fii a cell of the si 
cyliiuirical form of those of Desmidinm. (fig. 440), little minv j, 
necessary than the separation of the two lialves at the sutural hin' 
and the formation of a partition between them by the infoldinn- ,,f 
the primordial xitricle ; in this manner, out of the low est cell of rli,. 
filament A, a double cell. B, is pi-oduced. But it will be ohsi ia cl 
that eacli of the simple cells has a. bifid wart-like projection of di,, 
cellulose wall on either side, and that the half of this ja-ojectio]] 
which has been appropriated by each of the two new' cells, is itself 
beeoiumg bifid, though not symmetrically ; in process of time, how 
ever, the increased development of tlm sides of the cells which n- 
main in contiguity w'ith each other brings up the smaller projection 
to tlie dimension.s of the lavgei-, and tlie symmetry of the cells is 
restored. In Clostemna (fig. 43t) ; Plate IX, fig. 2) the two halvt's of 
the endwhvome first retreat fi-om oneanother at the sutural line, ami 
a constriction takes place lound the cellulose "wall ; this constiirtion 
deepens until it becomes an hourglass-like contraction, which jno- 
ceeds until the cellulose w'all entirely closes round the jtriiuonli.nl 
utricle of the two segments ; in this state one half commonly rcannin 
]>assive, whilst the other has a motion from side to side, whiih 
gradually ]>ecomes more active; and at last one segment (piits tiir 
other with a soii: of jerk. At this time a constriction is seen ; icings 
the middle of the primordial utricle of eacli segment, indicating tin- 
forma (lion of the sutural liaud ; but there is no division of the ccli- 
cavity, which is that belonging to one of 'tlie halves of the orjginui 
entire cell. The cyclosis, for .some hoiu's ])revious]y to sululivi.sioii. 
and for a few hours afterwards, runs cpiite I'ound the obtuse end. n. 
of the eiuhichrome ; Imt gradually a transparent S]tace is foniied. 
like that at the oppo.site exlremit}’, l)y the I'etveat of the colouicil 
layer ; whilst at the same time its obtuse foiiu liecomes changed to 
a more elongated and contracted shape. Thus, in five or six houi> 
after the separation, the aspect of eacli extreiuitv becomes the sinnt*. 
and each half rcsemldcs the cell l\v the division of which ii 
originated. 

The process is seen to be perforuietl after nearly the sarneinctlw''' 
\\\ the dh’ision hiking place across the central con- 

striction, and each half gradually aciiuiring the symmetry of lli»' 
original. In such forms as (Josmarlain , however, in whicli the cc!! 
consists of two lobes united together by a narrow isthmus, thedivi 
siou takes ])lace after a ditfereiit method ; for wlien the two h;ihf'> 
of the outer wall separate at the sutural line, a .semi -globular [irotrn- 
sion of the eudochrome is put forth from each half; these )iroti-n- 
sions are sejiurated from eatdi other and from the i wo haU cs of tin.’ 
original cell (which tlioir interposition carries apart) by a naviuv 
n(*ck ; and they progi-essively increa.se until they as.sumet]ic;ij![)(.Mr- 
niiceofthe half- segments of the original cell. In this state, there- 
fore. the plant consists of a row of four segments lying end tc end. 
the two old ones forming tlie extremes, and the tw'O new ones (winch 



DESMIDlACK.i; 


5B3 


V, not usuitlly nwiuire the full sizF* oi* tl\e cbtruetevistit* markings of 
t;,f ori'^inal before the divisiuii occurs) occupying the iiitennediato 
iilace. At last the central fission becomes complete, and two bi- 
partite fronds are formed, each having one old and one young seg- 
ment ■ the young segment, however, soon acquires the full size and 
characteristic aspect of the old one; and the same process, the 
\viutte of which may take place within twenty-four hours, is I'epeated 
ci-e long- ^'tne general plan is followed in MkrasUrim ; but 
;is the small hyaline hemisphere, put forth in the first instance from 
each half-cell (fig. 437. A), enlarges with the flowing in of the endo- 


A B C 



Kic. la?.- -Successive stages of biiiavy sulidi vision of Mivraaivt ia^ 

ciiroim*. it undergoes pi’ogressive snlxlivisiou at its edges, first into 
tiii'oc lohes (11), then into five (C), then into seven (D). tlien into 
diirtecn (E), and finally at the lime of its sepivrntiou (F) acquires 
the characteristic notched oniline of its type, being only dis( ingui.sh- 
ahle from the older lialf liy its smaller size, d'lie whole of this 
process uiav take jdace within three hours ami a ]iali‘. In 
•''(ifwrorjofima the cells thus produced remain coiuiected in rows 
"■itliin a gelatinous sheath, like those of DesmkUim (tig. 44U) ; 
'Old <liiferent stages of the prnces,s may commonly be observed in 
tile diflei'ent parts of any one of the filaments thus formed. In any 
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such filament it is obvious that the two oldest segments aie 
its opp<'»site extremities, and that each subdivision of tin* iiiTr^ 
mediate colls must wirry them ferther and fivrther from oath 
n'hisisa very tlifferent mode of increase from that of tlie Confemu-^.,, 
in which commonly the terminal cell alone undergoes siihdi\ i.i,,,,’ 
ami is consequently the one last formed. 

The sexual generative process in the which (iccin-s 

but rarely compared with that of biiiarj' division, always consists ..r 
an act of ^conjugation.’ It cmuineiu'es with the dehisj>ence of ilie 
hi-m external envelope of etrch of the conjugating colls, so ns tn 
separate it into two valves (fig. 438, (J, T); fig. 439, (J). Tlu* 
contents of each cell thus set free witliout any distinct invest au nt 
blend with tliose of the other; and a zyijospore. is formed hv 
union, wltich soon acquires a truly cellulose envelope.’ This »on.- 
lope is at first very delicate-. ;im[ 
is filled with green ami graniiljn- 
contents ; by degrees the envclajH- 
acquires increased thickness, ain! 
its contents become brown or vi-il. 
Ultimatel}^ the envelo]>e l)cci)i)i<‘s 
diU'erentiated into three lavei s. nf 
which the innermost and oiUai 
most are colourless, while tin- 
middle one is firmer and bvinvu. 
The oviter sm-faee is .sonietimfs 
.smnoth, a.s in ('losterlitm aial in 
allies (fig. 439 ; Plate IX, fig. 3) ; 
but In Cosmarium. it l)ecoiiir> 
gi-aiiular, tulierculate<l, or spinous 
(fig. 438, B; Plate VllI, figs. 1. 
4), tlie spines being sometimes 
simple and sometimes forked at 
their extremities. The inotle in 
which conjugation takes phu'c in 
the filamentous species con.stitnt- 
ing the Desmidim proper is, liuu 
Tlie filaiiients fii'st separate int' 
their component joints, and wlieii two cells approach in eonjugatimi. 
the outer cell-wall of each splits or gapes at that part uhich ii(\ioiin 
the other cell, and a new growth bikes place which forms a sort of coa- 
iiecting-tnbe that unites the cavities of the two cells (fig. 440, ll£). 
Through this tube the entire emloclirome of one cell pa.s.ses nv.T 
into the cavity of the other (D) ; and the two are commingled so 
to form a .single ma.ss (E), as is the case in many ol the ( ■ 

The joint which contains the zygospore can scarcely be distingmsl'ed 
at finst (after tlio separation of the emiity cell), Siivejiy flie greatci' 
den.sity of its contents; but the proper coats of the zygosp'Vf 
gradually become more distinct, and the enveloping cell wall d^aj'- 
pears. 

' 111 certain species oi Closierium, as in many of the tltc ai t ''i 

conjugation gives origin to iivo zygospores, 
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hotrytin: A, mature cell; B, empty 
cell-ciivelopc ; C, transverse view ; 
D, zygospore with empty cell enve- 
lopes. 

tn er, in many respects different. 
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The subsequeiit history of tlie zygospore has Ix'en followed out 
ii) t)io ease of Cosmm'bm hotryth. After remaining at rest for a 
^.oDsiderable time, it germinates by the l)iirsting of the two outer 
fiuts, tlie protoplasmic contents escaping while still enclosed in the 
itmcnnost coat. In this body tlie protoplasm and emlochrome are 
iilreadv divided into two lialves, wliich contract souiewliat, and the 
wilt lie becomes enveloped in a new eelUw;dl. A constriction has, 
ill the meantime, made its appearance between the two halves, 
wliiih are of sojiiewhat nnotjual size, and thus the new desmid is 


tinned. ^ ^ ^ 

The subdivision of this family into genera, a(>eording to tlie 
uK'tIutd of Mr. Kalfs (Mlritish Desmidiea^ ’), as modified liy Mr. 
Archer (Pritchard’s ‘ Infusoria '), is based in tlie first instance npon 
\W (“omiection or disconnection of the individual cells, two groups 
lK‘ing tlius formed, of winch one includes all the genera whose cells, 
wlieu multiplied Tiy binary division, remain united into an elongated 
tilaiiient ; wliiLst the 
iitlier and much larger 
tine ctimprehend.s all those 
iu which the cells beeume 
s(‘pu‘ated l>y the coinple- 
tiuM of the fission. The 
hii'ther division ot the 
tilaiiientoiis gronp, in 
which the zygospores are 
;ihva\.s globular and 
Miioiith (Plate IX, fig. 8), 
is lia.sed on the fact, that 
in oiK^ set of genera the 
joints are many times 
longer than they ere 
hroiid, and tlmt they are 



neither constricted nor 
fiirnishod with lateial 
teeth or projeidions ; 


Fjo. Conjugation of Cloah’i iitm fiti ioJotii/ii : 

A, ORlinary cell ; B, empty cell ; C, two cells in 
conjugation, with zygospore. 


whilst in the other set 


(fig. 440; Plate IX, fig. o) the length and lireadth of eai-h 
Joint are nearly equal, and the joints are move or less con- 
>tiicted, or have lateral teeth or }iroje(;ting angles, or some othoi- 
ligure; and it is for the most part upon the variations in these last 
[liirtitadars that the generic characters are baseil. The solitary 
group ])reseuts a similar basis for [irimaiy dhHsion in the marked 
<liffereii(fe in the ])roportions of its cells, such olongate<l forms a.-: 
^loskritnu (figs. 4d(3, 4;J9 ; Plate IX, fig. 2), in whicli the length is 
itiitny times tlie breadth, being thus sepirated from tliose in whicli, 
;is in Miemsferias (fig. 437 ; Plate IX, fig. 1), (Joniifariinn (fig. 438 ; 
Piute Anil, fig, 2), and Staumstnm, (Plate AMU ; figs. 0 , G, 10), 
the iireadtli more nearly equals tlie length. In the former the 
ATgospuress are smooth, wliilst in tlie latter they are ^'cry commonly 
qiinons (Plate \nil, figs. 1 . 4) .md are sometimes quadrate. In this 
group tlie chief secondary characters are derived from the degi'ee ot 
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(•oiistriction he.twcen the two halves of tlie cell, the division - A 
margin into segments by incisions more or less deep, and its < 
sion into teeth or spines. 

The l)eamidk(C£<t are not fonnd ui running streams, nuh tin. 
motion of tlie water be very slow, but are to be looked for < Mi^Hv 
ill standing waters. Small shallow pools that do not diy up il, 
summer, especially in open, exposed situations, such as doyi^v 
moors, are most'' pro<luctive. Tlie larger and heavier sp,riv> 
coniinonly lie at the bottom of the pcxds, eitliev spread out :.s 

tliiii gelatinous .stiatiim. 



or collected into tingor 
like tufts, lly gemlv 
passing the finger.'- In*, 
neath tliese they may In- 
caused to rise toward.s tin* 
surface of the water, and 
may then be lifted out liv 
a tin l iox or scoop. (Jtla v 
s])e(“ies form a slinn- 
stratum floating eu tla* 
surface of bog-jiools. or a 
greenisli or dirty (‘loud 
upon the stems and k’ave^ 
of other acpiatic plaiit>; 
and these also are best 
detaclied hy pa-s-^ing iIk^ 
hand beneath them, and 



‘stripping’ the plant hr- 
twceii the fingers, .so as to 
caiTV off upon them wliat 
adliered to it. If. on tla- 
oldier iiand. the bodies oi' 
which we are in seaiili 
shoiihl be much diflused 
thi-ough the water, tlioiv 
is no other course than to 
take it up in largeqaanli- 


Kie. 410.— Biiuu'v subdivision an fl {:oniu‘;atiou of j-i ' li- 

Desmidium c!/)in<h-(row : \,\}oviionotn\a:ment, and to separate tiieiu la 
surrounded by gehitiaous envelotje : B, dividing v^fi-ainilig tlii'Oilgh a jdecr 
celt; C, single ccdl viewed transversely ; 1), two i- p,," \tfirst.notlii]i^' 
cells in eoiijugatmn : E, fovimilion of zygospore. OI Inieil. 

appears on the hiicu but 

a mere stain or a tittle dirt; but In* tne sti'aiuing 
(luantities a considerable accumulation may la> giaxlua } 

■ This should then be scraped off with a knife, and trausfinTei 
into bottles with fresh water. If what has been bvougff 1 
bv hand lie ricdilv chai'ged with these forms, it sluadd x • 
once deposited in' a bottle; this at first seems on y 
foul water; l)ut by allowing it to remain undisturbed ■ 

little time, the desmids will sink to the bottom, am . 

tiie water may then be ixiured to be replaced i>\ a 
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su’i'ly- bottles be freely exposed to s(dni' liglit, these litth^ 

jilaiits will flourish, apparently as -well as in their native pools ; and 
{litir various phases of multi pH cation and re[)roductioii may l>e 
pliM'ived during successive months or eveii years. If the ]X)ols be 
tail d<‘ep for the use of tlie hand and the scoop. ii collccting-bottle 
;itt:uiicd to u stick may be employed in its .stead. The ring-net 
n,:,v also be advantageoirsly employed, especially if it l)e so con- 
st riirted as to allow of the ready substitution of one piece of muslin 
I’lir another, For. by using several pieces of previously wetted 
muslin in sutyessiou. a large number of tliese minute oi-ganisins 
ma\ be separated from the water; the pieces of muslin may be 
ln-i>iii,dit liome folded u}) in wide-mouthed bottles, eitlier separately 
(U- several in one. according as tlie oiganisms are obtained from one 
(»]• from several water.s ; and they are then to be o[)ened out in jars 
(if llltered river water and (‘xpo.sed to the light, when the desmiils 
vill (letncli them, selves. 

The Diatomace® or Bacillariace®, like tlie Desmidiacea*. are 
cells, having a firm external coating, within whichis included 
;m ('iidochrome who.se superficial layer constitutes . a ‘ parietal 
Htru-le.' but their external coat is consolidated by silcj;, the pre- 
sence of which is one of the most distinctive characters (d' tlie 
(*r()ii]i. and gives lise to the peculiar .surface- markings of its members. 
It has been thought by -some that the solidifying mineral foi'ins a 
distinct layer exude<l fi'om tJm exterior of tlie cellulose wall; but 
fhei-e seems good reason for regarding tJiat wall as itself iiiter- 
[lonetrated by the silex, since a membrane bearing the characteristio 
surface-markings is found to remain after its removal by bydro- 
tiiuirii' arid. Tlie eiulochrome of diatoms consists, a.s in other 
jilaiits. of a viscid [irofcoplasm, in ivhich float the gianiiles of 
(.•(limning matter. In the ordinary condition of the cell these 
;n‘u miles are difi\ised through it with tolerable uniformity, excejil 
iu tlie central s|iot, which is oty-npied by a jairlens ; round this 
iiuolcus tliey commonly form a ring, from which radiating line.s of 
iL'vauules may be seen to diverge into tlie cell-cavity. Instead of 
heiug bright green, however, the eiulochrome is a yellowish brow n, 
fhe j.ivincipal colouring substance appears to be a modification of 
tn'diiiary clilorojihylt ; it takes a green or greenish-bine tint with 
siil|ilmric acid, and often assumes this hue in drying ; but with it is 
caiulnued in greater or less proportion a yellow colouring matter 
lenned wliieh is very unstable in the liglit ami fades in 

drviiig. At certain times, oil-globnles are nb.servable in the 
inntoplasm ; tliese seem to represent the starcli -granules of tiie 
and the oil-globules of other proto]diytes. A distinct 
iiuivcmcnt of tlie granular particles of the emiochrome. closely 
iv.si:^inhling the cvclosis of ilie Desrn idiame, has been noticed bv 
IVdfes.'^or . Smith in some of the larger species ui' Diotojnacpa'. 
Midi as tSarirella hiseriafa. Xit:^sc.hia smlaris. and Campf/Iodiscus 
>^l>iirdisr<niA]iy Professor Max Sehuitzeiii Cosci/iodisci's, ItlddidjdiifL 
;ni({ l\hi::osolcnh( \ but this movement has lufl the legularity ,so 
iriiirirkable in the preceding group. 

1 lie name of the class is derived from the ease with which the 
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parts separate from eai'li other, Tliis is well seen in tlit- 
iJiatomfiy iornied of rectangular indivulnal frmtides, whoV r]!,"! 
arvaugeineiit resulting from the principle of lateral union r nis,, 
them to develop into filaments or zigzag cliains, thefrustulesri.ii,.-,j^, 
iug perfectly distinct, and united only hy a small isthmus 
at the angles. A similar cohesi(m at the angles is seen in tln^ a]]],,,) 
genus Oramnuitophom (fig. 452), in Isthmia (fig. 457). and in imiuv 
otliei’ diatoms; in B'tddvlph'm (fig. 445) there even seems to Itp'., 
special organ of attachnient at these points. In some diatniij< 
however, the fnistules prodnceil hy successive acts of binaw oiL,);! 
vision liabitiially remain coherent one to another, and thus lire pi-n. 
duced filaments or clusters of various shapes. Thus it is oln'iniN 
that, when each frnstnle is a. slun'1, cylinder, an aggi-egation sac]) 
cylinders, end to end, must, form a rounded filament, as in 
(fig. 444); and, wliatever inay he the form of the sides of tli,. 
frustules, if they be paiallel one to tlie other a straight filamenr 
will be produced, as in AchnantJm (fig. 4fil). But if, instead <ij' 
being parallel, the sides he somewliat inclined towards eacli athcr. 
a curved band will be the result; this may not continue entire, 
but may so divide itself as to form fan-shaped expansions, as t1in>c 
of Liemophora fabellata (fig, 450) ; or tlie cohesion may he sulliciciii 
to occasion the bind to wind itself (as it were) round a central a.xis. 
and thus to form, not merely a complete circle, hut a spiral of sc\ cr;il 
turns, as in Mpridion ciradare (fig. 44H). Alany diatoms, iigain, 
possess a stipe, or stalk-like appenilage, hy whicli aggregations of 
frustules are attaclied to other plants, or to stones, pieces fd' wood, 
itc,; and this may be a simple foot-like appendage, as in 
htnjipps (fig. 4fil), or it may bo a C(mi})osite })lant-like structure, as 
in Liemophora (fig. 450), (iomphonooa (tig. 4fi2), and Mastoghin, 
(tig. 465). Little is known respecting the nature of this stipe; it 
is. liowever, quite fiexihle, and may he conceived to be an extension 
of the cellulose coat, unconsolitlated hy silex, analogous to flic 
prolongations which have been seen in the Desmidiacea^ and to ilw 
filaments whiclt sometimes connect the cells of tlic Pahrdlm'po . 
Some diatoms, again, have a nmcoiis or gelatimms investment, wliicli 
limy even be .so substantial tliat their frustules lie — as it \s’ere— in a 
bed of it, as in Mastoghia (figs. 465 B, 466), or may form a sort oj‘ 
tubular sheath to them, as in Sclkotwaa (fig, 464). In a l.-ngr 
pi’oportion of the group, liowever, the frustules are ahvays met ^^ith 
entirelv frer,^ iieit lier remaining in ilie least degree coherent one to 
anotiier after the process of binary subdivision has once liecu com- 
pleted, nor being in any way connected, either by a stipe. orhyM 
gelatinous investment. This i.s the case, for example, with Trkmo 
tium (fig. 442), Pkarosigma (Plate 1. tigs. 1, 2), Aviumqiclv.s. 
AcibwpUfchiis (tig. 467), Arachmidiscns (Plate XII), (!ampt}h>dts(:iis 
(tig. 454j,>SV/*h-e??^t (fig. 453), CoBcit>odm‘us{2\?iX.C'. I, Hg.s. 3, 4.fig.4'h>). 
Heliopdta, and many others. The solitary discoidal forms, liowio-ri*. 
when obtained in their living state, are commonly found colieiin.iT 
to the surface of acpiatic plants. 

We Imve now to examine more minutely into the curious struc- 
ture of the silicified casing whieli encloses every <liatoni-ccll or 
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and the presence of which imparts a pecniliar interest to 

tnoup; not merely on account ()f the elaborately marked pattern 
whicli it often exhibits, but also tlivongh the perpetuation of tlie 
laiuutcst details of that pattern in the specimens obtained from 
fii.vsilised deposits. This silicifidl casing is usually formed of two 
perfectly symmetrical valves united to one another by means of two 
t-uibracing rings whicli constitute the eonnecting /one or (jirdlp, and 
thus exactly represent a^ minute box which serves for tlio repioduc- 
linu of the species. This process is known a.s tlie encystment. and 
not uncommon, especially amongst the Xancdtie^ frustides being 
fiv([uently f(niiid amongst them oj)en from the separation of the two 
valves, showing the two l■ing^ covering eacii otiier, as the lid of a 
1 k)X uiav cover a portion the hox itself. 

The following definitions of terms used in de.scrilung the siliceous 
I'livelope of diatoms have Ijeeu pro^xtsed lyy the late eminent diato- 
iiiologist. Mr. J. Dehy. The radiating lines (called l)y some 'costa'' 
or ’ canalicidi ') starting from the outer margin of tlie valve, and 
coinerging towai'ds the int('rior of tlie disc, are raffs or marginal 
rays. They may he simple, which is most usvud ; op moniliform. 
i.e. composed t>f a single or doulilc I'ow ot ■ heads ; ' or infunditadifonig 
Iwving the outline of a funnel with a long outlet ; the iipjier broad 
portion is the ‘funnel/ the slender p.art the ‘ stem.’ The central 
portion of the valve in.side the internal termination of tiie ravs is 
tbcco'M; it may he smooth and hyaline, or it may he striate, or 
simply [mnctate or dotted, the ilots forming regular Hues or el.se 
heing irregularly scattc'red. If tliis area hecomes reduced to a 
iiiediiin linear hiaiik space, or to a simple' eh>ugatedline, itis know n 
as the raphe or pseudo-raphe. 

Dr. 0. Midler proposes the term eplthmi for tlie overla])ping 
half-cell of the diatoiiu the underlapjnng half-cell heing tlie hffpo 
them ; for the girdle-bands he proposes the term pleartr. 

Ill de-scribing diatoms, the asiKX't in which the girdle is turned 
towards the observer is known as the ‘front’ or •ginlle’ view : that 
ill which llie surface <d‘the \ al\ e is turned towards the observer is 
tlic 'side ' or ‘ vaK e ' view. 

It is not correct to designate tlie, line shown in the fixuit view 
ot tlie outer ring as the line of “ sntui'e/ since the Sfftare is the line 
(tf meeting bounding two surfaces placed on tlie same plane. The 
form resulting, however, varies widely in difterent diatoms: for 
sometimes eacli valve is hemisidierical, so tliat the cavitv is globular; 
sometimes it is a smaller segment of a sphere resemblinir a watcli- 
glii.s.s. so tliat file cavit v i.s lenticular ; sometimes the central portion 
is completely flattened and the sides abrujitly turned up. so that the 
valve ro.seuihles the cover of a jiill-box, in wliicli case the cavitv will 
be cylindrical : and these and other varieties may co-exist with anv 
modifications ot the coiitoui' of tlu' valves, which may be squai'e. 
triangular (fig. 44'2), heart-shaped (fig. 4o4, A) ,boat-sli;i]ied (fig. 40 : 1 . 
A), (ir very much elongated (fig. 449), and may be furnished (thongli 
tins i.s rare among diatoms) with piojecl ing outgrowths (figs. 458. 
•'■1). Henee the shajie pre.souted In* the fi-ustule differs coinjdetely 
'^stli the aspect under which it is .seen. In all instances, the 
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tVasti.le is cniisidovea to present its ‘front’ view w],e,i its Ij,:,. 
meetiiif! is tnrued towords the eye, rts in fift- iR h ; wlnl-i its 
‘side’ view is seen wlieii the centre of eitlier vnlve is dn-,.,ilv 
l,'enentli tlie eve (A). Altl.ongl. the two valves meet along il„. 
of iniiotion in' those newly formed trustules winch Jiave heeii j.w 
in-ildnced hv hinarv sulidivision (as shown in flg. 44.-), A, e). i.t, 
soon as the'v begin to undergo any increase, tlie valves separat e fm,,, 
one another ■ and hv the silieilication of the cell-niemhrane Him left 
exiKised a pair (X hoops is formed, each of which is attached Ip ni,e 
, -doe to the odiacent wilve, while the other edge is treed As will 
beVesentlv explained, one of the valves is always older than tl,.- 
other - and the lioop of the older valve partly encloses that ol i|„. 
vonl.oer just as the cover of a pill-hox snn-onnds the ii|.per part „l 
the lK)x’'itself,2 As the newly formed cell increases in leiigtli, 
.senarutino the valves from one another, both hoops ineirase i„ 
breadth Iw additions to their free edges, and the outer hoo)) slides 
off the inner one, until there is often but a very small • iiverlaii. 
Vs orowth and binarv division are coiitiniiany going on when the 
frustiilesare in ahea'lthv vigorous eonditioii, it is rare to Had a 
speeimeii in whieli tlie valves are not in some degree separated la- 
the interposition of the hoops. . , , 

The iinpermeabilitv of the sibeifiod easing seenis to render nee, - 
sai-i the existence of s|,«-ial apertures thr.nigh whieh the sun-om,dn,g 

water maveoinc into eommunieation witli the eonteiifs of tlieodl 

Some have believed tliat thiw have .-seen sueli apertures along tli.- 
s,i-<-alled ■ line of suture ’ of the dise-shaped diatoms, and at the e.xfn 
mities onlv of the elongated forms, Ehreiiberg, hdlowed by h iiti-.iiig 
I, as interpreted as apertures or ostioles the central and n-ramial 
nodules of the Xavk'dooo Cpiabelhr^ and similar onus ; but this 
view is more generally regariled a.s meoiTec-t. We liave, in tart, u, 
lawitive .lemo'iisti-ation of the existence of spei-ial apertures , -011111111111- 
..„i«v ladw-een tbe outside and the inside of the oell ; an, I we ave oeai- 
palle.! to have re.-onrse, on this point, t,. hypothesis It is, liowm-r. 

-tain that the, liatom-.-ell is always composed ol at least two i,,h,-s. 

between wbi,-h the possibility of siieli^ a eomniiimratioi, 111, is 
mi-msarilv be lulmitted, or at least the existence .if eialosniotic aii,i 
cxosmotie'cnrrenls in tlie li.piids. Ill the encyst.-d lorms we li,i»- 
ascerlaineil also the existenee of an interval betiveeu the two riiigs, 
altlimndi it niav be x ery minute ; wliile Xancola bas been saiiir- 
times i‘en the vkIvos aetmtlly sepavatecl. 

> This vefer-^ to those thatoins iu which the process of biuiUT siih(hvmon - 

nem a^i^nst P;^. W. — 

of the correctness of Dr. 'Walhch’s onguml debcn]>tion. 
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I’he nature of the delicate markings with wliicli almost oveiy 
pitdui frustule is l)e.set has been one of the most interesting in* 

"■ N of the students of these forms since tlie introduction of the 
'i‘!!Ja!!.reiicons, and espetdally the apochromatic, objectives; and it 
'.'iiuoVbe doubted that oel‘t^lin pecnlkrities of structure have been 
llemonstvated whicli were never before seen. In the present shite 
!,t' the theorv and prmitice of microscopy it would he extremely 
unwise to give absolute adhesion to any pi'esent interpretation of 
^vliut is now held by some students of diatom structin^e of no mean 
..>iute and of unrivalled manipulaii\ e skill to be the absolute struc- 
[ulv of some of the larger forms. 

Tlius. concerning the group (^osciiiodiaceo^^ representing tlie most 
leautiful of the discoid forms of the whole gi'oup of Diatomncca', wc 
ivitrescnt in Rate T, fig. 3, a plioto-microgi'aphie image of Coficim- 
(isterohipkdas magnifie<l 110 diameters, lint in fig. 411 
the </i'C(}l<f of this diatom are 
seen under great magnification 
with recent powers. It is 
cmiteiided that the diatom, 
ahhonuh consisting of a single 
siliceous membrane, has a 
(tiiihle structure, viz. coarse 
:tii(l line areolatioiiN, the latter 
within the former; and there 
appears little reason to dtmbt 
d'he coju'se areolations 
:ue for the most part circidar 
ill outline, and the intervening 
silex is thick. Inside these 
jiivolations is an extremely 
delicate perforated membrane, 
ilu‘ outer row of whose iierfora- -M<ignificti(um nt ‘ ultiinuteRtruc- 

, .Li i.1. i. tiii-e' of Ci>snnodt$cii^ anicmuipfitilifs, 

nous are larger tlian the^rest. aiLiwing by Messrs. Nelson and 

From the very delicacy of this Karop (Joiini. (ptr/crft Chth, \ol. ii. 
iiiciiiliraue, and its consequent P- 

easy fracture, it is often want* 

iiig. In Plate I, fig. 4, we present a photo uncr(>gra[ih of the same 
nltjcct magnified 2,00(1 diameters. 

lit hlfnnm mrvosa, a side and front view of whicIi are seen in 
tig. 457, a similar construction is discoverable. In thi.s diatom tlie 
(MavM* areolations are \‘eiw large ami tlie silex (‘orrespondingly tliiek : 
tut the iniuM’ memhiane is excessively thin and delicate. The }ier- 
loratiuns are large and irregular in shape around the margin, hut 
^nlall and eiicular in the centre, lu fig. 443 the form of jireola- 
tioits is shoivn, and a broken membraiu' seen, with the tracUire 
{ias.si]ig through the perforations.^ 

^or less intere.sting is the heautiful form Atihivodl^i'ns AtUoini : 
t'lioto-micrograph of this magnified 270 diaiiuders is seen in Plate 
l.lig. 0; while a small portion of the eanti’e of a kindred form, 

‘ .Ni)tco]i tliu finer structure of certain diatoms, E, M, Nelson and <1. C, Kavop, 
(pichrtt Cfiih, vol. ii. SCI', ii. p. 




592 MICROSCOPIC’ FORMS OF VEGETABLE LIl^E THALLOPHVI'Ks 

.I.AferJii, magnified lOOO times, ia sfiown in fig. 6 in tin 

'’’"*■ 01 ? ‘ beaded - apneavance nf diatom-valves is so miiveisal i,, 
those which have been examined, that it innst be rep,,l,.,! 
coiumon to all diatoms, although tins i.s not yet absolutch |.i-.,v,.,l. 
lint while it is admitted that the beading of the valves may 

coinmnn to all diatoms, it cannot he regarded as proxed that i|,„ 
siliceous envelope is composed of globular particles of silex avmng,,! 



Fio. U'2. -’rncvvdtuini ftu'tiS '. A, sidi* view B, fi'u.il mow. 




ill roWar rows ; while tlie variety in the size ami arvangeiiienr uf 
tliesc'" ]wticles shows that they are conelated with the vital 
cesses of tli0 ovganisiiis, and afior<l characters for the discviinliiatitm 
of the species." The nature of these gi-anides, their size, and tlio 
mode in which they are arranged have from the earlier daysof luicid- 
scoiiv rendered diatoms of special value as ‘ test- objects. ilii> 

•umearance has led to the use. in speaking of diatoms, of the iiicm-vccT 
terms ‘transverse; ‘longitudinal; or ‘oblique strue/ these being m 
truth simply the intervals which sepiivate 
the bonndai'ies of the ‘ beads.’ apert ures. o) 
their equivalents, whatever they may ulti- 
mately prove to be; and this is clearly seen 
when thev are observed with objectives of 
suHicient numerical aperture and propov- 
tioiial power. Flearosi(jma 
one of the most commonly employed test 
objects, and at the same time one of the mast 
reliable, its remarkable constancy reudei'iiig 
it e.sptKdally valuable for _ this purpose; 
while, on the contrary, Awphpk((r<i pdUco^ <i 
is o.\tremely variable, and is, as it were, me 
torment of microscope-makers . 

diatom-rcsolvei's, who do not take into iiwount the 
tbi.s tvpo, forgetting, in fact, that one A.peUiioda may e.x . 
line, and another, being in truth a varietal form, tuay 1^^ 
coarse as Xavkida rhomhnkks. The new a[»ehrom;Uic " * 

and tlie, compensating eve-pieces, both for the eye and foi 
constructed hy Zeiss, nf Jena, have brought 1 

micrography that the image of /’. ainjiikUum appears t . 


I’m.- 44;3.— Areola tious ui 
Istkmia lU’i'rotid. 




PLATE X. 



Pleurosigma Angulatum. 

Magnified 4900 dianiB. 

Fton.. Photo-Micrograph by Dr.^Ze^st^n 
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i .-tve no doubt as to the details of its structure. If we closely 
•v miine the photographic image of a [X)i'tion of P. an<jidcdum, pro- 
iln ed under a magnification of 4,300 diameters, and shown in Plate 
'\ t dvcn ft'om a photograph by Dr. Zeiss, it will, in the majority of 
. leave j)erhaps little doubt that the valves arc covered by the 
! . 1 1 ^ or apertures in a decussate arrangement. We ha\'e, in the 

• jprmeiit of Count Castrawinc, to do here with ' bead.s ’ and not with 

• • vities.' But, from the recent advance.s of our knowledge, this by no 
iiu-aus follows ; they may with high |)rohability be cmisidered j^er- 
foiatioiis in the silex of the fr'ustule. This is, indeetl, placed almost 
ill tlic form of a demonstration by the interesting fiict that Mr. 0. 
}lau<diton Gill succee<led in iilling vp the ‘dots' or ‘pearls' of the 
VnmnliS and the .secondary markings of the discoid and other forms, 
so :is to give evidence that the filling must be deposited in cavities, 
[f is done by soaking clean diatoms in a solution of subnitrate of 
iiici-<;urv until their markings are filled with it; thcLL they are 
iiiuiiersed in sulphide of ammonium ; a double decomposition takes 
]il,n(‘,e. by which black insoluble sulphide of mercury is produ(;ed, and 
U'ftin tlie minute cavities in which it certainly appears to be formed. 
Hv observing the lines of fracture, which always follow the interval 
l,J.txveen two^ row^s of ‘ l>eads,’ there will be much suggestion given to 
rlie observer on this .subject. Count Castraeane, referring U) Plate 
X. asked, ‘ WT)uld it have been jx)ssible to have seen these pcarl-like 
objetds isolated, if, instead of beads, we had had apertures or <lepres- 

? ’ We can only I’eply that misinterpretation on such a subject 
i.< so possible that it is only by employing all the aids to interpretation 
wliich ingenuity can place within our reach, that we can ever be certain 
as to onr visual interpretation of these minute phenomena. On the 
other hand, the areolated valves of Trkeratininfar nfi (fig, 442) present 
a line of fracture which traverses indifferently the hexagonal arcoho 
and the liue.s in relief which connect them. 

Dr. Van Heiuck has been able to employ the new lens made l)y 
Allie, having a numerical aperture of 103, u}ion his special subject, 
the Piatomacea’., He concludes that diatom valves cfuisist of two 
membranes or thin films and of an intermediate layer, the latter 
hetfuj pierced with 0 ))enings. The outer membrane is delicate, and 
m;iv be easily destroyed by acids, friction, and the several procesises 
of ' cleaning.' When the openings or apertures of this interior portion 
are arranged in alternate rows they as.sume the hexagonal form ; 
^\■lum in straight rows then the openings are square or oblong. 

It Is. however, due to Mr. T. F. Smith, who worked at this 
subject for years, to say that he long maintained this view, and 
has pi-esentcd skilful photo-micrographs in support of his contention, 
111 Plate 1, fig. 1, we have a photograph of his. .showing the imUle 
"f a valve of angtdatxim magnified 1,750 diameters, and ex- 
liihitiiig the ‘postage-stamp’ fracture; while in fig, 2. in the sjime 
plate, we have the outside of P. angivlatnm, showing a different 
-'tnicture; ar.d Mr. Smith has abumiant evidence of the existence 
<d what he has so long maintained. 

By using the new lens of the great aperture of 1‘63, Dr. Van 
Hmirck lias produced some remarkable photo -in lerograplis, whicli 

OQ 
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Hither conlirm these general inferences than present any u,..,, ,1;,^., 
of knowledge concerning the diatoms. By his great oomT'-.v 
have been favoured with a phototy]>e plate prepared by l)i . \';„i 
Heurck from his own jihoto -micrographs, and the reader u,]] ]„. 
enabled l.o study these in Plate XI, of which a full descadption 
ill the earlier part of this treatise, giving descriptions of tlie , 

He luis further enhanced the plate hy giving in fig. 7 a }>h<)tt'-!iii( ] „, 
gi'aph of Nobert^s nineteenth band. 

Diatoms, like other organisms already described, are lepr-i.hi.vil 
by conjugation, and multiply by autofission ()r division. iJe|„n- 
diictioii is necessary to every organism, while multiplicatina ],v 
fission belongs only to certain organic types. In the eaily .i:i\s ,')f 
t,he study of diatoms, it would appear that even that distiug\iislH.(i 
observer' William Smith had at least not a clear idea of the eru yst- 

iiig of the fi'n^ituk ur 
individual diatom, wliirli 
implies the existeiuv of 
the tw^o valves and of 
the double girdle or 
/.one or (soimecting rhii: 
projecting from eaeli 
valve in a direction at 
right angles to its plane. 
TIeiU'e, iiisleatl of find 
ing, as a result of fission, 
a progre-ssive dimiiiu 
tioii of the diameter of 
the fni.stnle.s, Mr. 8niilli 
speaks of their iiicrca.so. 
of which he is nnahleti* 
offei- any explanation. 
The fact tliat in Mdos'm 
sc.hHexilh (fig. 444, X) 
ami J/. mrians (fig. 
444, B) large and small 
frustules are seen united 

ill rows, ought to he sufficient to show that they are deiicndent do 1_ 
only on'binai'v subdivision, hut also on the .special coiidiliuns nf 
evtilution of the new frustulo. by which it is able to increase 
materially in siiso. Tliis [)Ower of diatoms to expand their siliceous 
coating.s luis tliovefore been denied by .some, who ar(‘ induced to 
maintain this necessary conseiiuence of the divi.sioii of encysted 
friistnles, viz. the pvogressi\e decrease in size of the ymmg 
frustule.s, which would thus reach the .smallest possible dmieusions. 
This has led Piitzer ' to imagine that when diatom, s have reached 
their smallest j^ssihle dimensions by repeate<l binary division, 
the process of conjugation takes place between them. 
in the formation of an auxospore. capable of reproducing 
sporangiid frustules of considerably larger size, n hicli would agai 
udve. rise, by fission, to a new series of diminishing tru>tiiJe>. 
1 U}lfenuchHng^?l iiher Ban ii. E>}twtc)a‘Iumj der Ihidlhrini, 8vo. Bonn, 18' • 



Melosira siibfiesdit 


Midosira vayiaa 








t'iMC i\)iDiS OF VKUETAl^l.K LiFF -TflAiJ;- ' 

I'i-isHr;:! tivesr jy--;.ieval iuferpuc(‘> tbaii a;, s ■ 

• i ‘uin\v!:ii^o ilie diatomts. liy his p-ear <)A<- 

htvf ra\<n{t‘t'f| \vitti a i>!u>t()typ(^ |)]at;e pr«'j)amJ 'iv ‘ 

Hi'iuvk fivvni liiv own pliiM'.o-nikM'Ograyiii.'i. and tlio tT-ail-r 
< n d -if'd t a study llieso in Tlato X.I ,ot‘ winch a lull <lesorhac 
in ; iic oariior part of thu Ireiitiso, giving (inscriptions - i, 
111* lots fui'tlior (-nlianceil iho ]datc by giving in (ig. 7 a piv ' 
iU'aph id' niii(‘ 1 einii h band. 

hiatoins. iikn oiina' organisms alrcauy dcsta'il.iod, 
iy ivSi jugat ioti, <! tid nmhiply by ;'uii;:Ofis,sion or divisuK. 
dimtivfU IS licocsv.ry ro ^;vciy i.ygiinism, while* rnnhijdi:,. 

bol(Hig> •miv t(> (‘ortaiu ovganir ty]>(“s. in lla* o-o. 
J;" study of diiaronis. ir c.'nidd ajjpoar tb.at oven l[jat db o- 
oi^sorvor Wdb.nn Smirh bad :it loas’ iiot a clear idea, nf ib 

ing of ih-.- o 



III lows, oiigiU U) fic -.nfiou*!!? U) ',!iow that titi-x- ^ 

lad'v on 'iinary nnvb\os;on. liol also on rho speoia > •>- 
<•vo^Ui^■u id the m-v. tiaistnla. hv viiioli It m i' h .. 

inatcriajic ui sii'o. d'!n.^ jjowin' o{ diatciins to o>:paoo '-a 

oostiogs iuiS. Han'i'ibn* Ikkii diadod by some, ode* is 
jiuoi't on this ma'o sii'v '■nnsiaiU''oc*‘ lhr> div!.^n.i; ■ ; 

frnsi ol ... viz tbo prog)'('ssivo (Icoi'oaso in si/' o; '] 
Oaoitob s, wldii h would i:in.s roiud- tin* smalbw? 'pi^sbsf ■ t: • 
Ibis iias j.cd Pil'f'/.or ' to hnogme that wb *i‘ dialoaiss ! > 
'hiUT' surdiosi jjossiSdo di'iucn.vions by bi*;, • 

iho prorvsS of oaiingiition ia'ke's pia<*is !^'*t'ween :m :;. 
in ttm, formation of an nnaw-5/wa. r t.pable. of n'priU . 
siKuanoial ibaistuios of cousidoiably . sue. wliioli a. 
give rise, bv fissom. !•:> * novo ;aua’.-s of dii!.iinisi{i: g 
I f a b’O:' . J'i- dvr r'e- 



PLATE XI. 


Fig. 1. Fig- 2- Fig. 3. 



Collotype Ptg. Co., 282 High Holborn, W.C. 


Test Objects for the Microscope. 

Ohjecilveby C. Zeiss, N.A. I'fjo; Eyepiece iz. Monochromatic iilumlnatioa by sunlight. 
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in)til these again reaeli their minimum size. This tlmory luis. 
iii the judgment of Count Cjtstraeane, deceivc'd many botonists, 
tViiW the idea that it was founded on actual olKevvatioiif and lias 
at the same time been in iiarmony with 1 he natural tendency to 
crcueralisation, i]i attributing to the wliole family of diatoms that 
ficnlty of division which has been regarded as the universal pr(jperty 
of the vegetable cell. The ‘ auxospore ’ theory rests on the suppsed 
itiahilily of the siliceous walls of diatoms to expand; and implies, 
secondly, tlie idea that all diatoms are capable of binai'v sub- 
division ; and thirdly, that there is no mode of re}n‘odnctio]i exce])t 
I IV auxospave.s. That the siliceous walls of diatoms are capable f 
distension seems to result from the examples already given of d/<?^o. 5 <Vu, 
and M. varums, as also from some other species in which 
there may often be observed a sudden variation in diametei' u\ friis- 
tales united together in a row. But the power t)f increa.se in size of 
the siliceous diatom-cell is evidently proved hy the sporangia 1 fr\is- 
tiiles of OrM/mm where, in the chain of cyliiulvical frus- 
niles of the same diameter, the sporaugial frnstule is dilated in its 
eijuatorial axis, but much more so in its polar axis, pushfiig back the 
liase of the next coll and forcing it to fold itself up so as to ot;cu]>y 
the udiole ccll-eavity, and sometimes even that of the next IVust ale. 
The exact ness and fidelity of the figure given in Smith's ‘ Synopsis.' 
hcsides l)eing guaranteed hy the authority of the distingnislieil author 
and hy the signature of the celehrated artist Tuffeu West. Count 
Oastraraiie was able to confii'in by a magihficeut }»repai-ation 
(if these diatoms in wiiich are a. iiumbei' of sporaugial frnstules. 
Tlie :tux().spore theory supposes tlie fact that all diatoms ai'O capable 
(ifbiiiarv subdivision, since the auxospore is undersbxMl, according 
t(t Pfitzev, to provitle for the progressive decrease in size <d‘ tlie 
fi ustulos, with the production of larger sporaugial frustules, destined 
to commence a new descending series. But binary subdivision cannot 
take place in geneva uitb uiieqnal valves, as it is universally 
acknowledged that the two new valves which are formed in the 
process of hiuarv subdivision must stereotype tliemselves on tin* old 
valves; and for this reason tlie process cannot take place in those 
genera in which the axes cross one another, like VfonpijlodiscKs, or 
in tliosc in which the two valves, although equal, yet constantly 
nnife in such a way that tlie similar parts alternate with imc 
iinother. as may he seen in Asterolainpra. 1'hat it is impossible for 
iiiiiary subdivision to take place in these three classes ol' foi-ms, is 
mufirined by the fact that, notwithstanding that tliere are recorded 
U(it less than seventy-five observations of the process of division in 
tiu'iii. not one affords an excejitioii to the rule given above. 

here multijdicaliou hy binary subdivision occurs among the 
takes place on the same general jdau as in the Des- 
iindiacm. but with some modifications incident to pecuHaritie,'; of 
tile structure of the funner grou]). Tlie first stage consists in llie 
'■kiigation of ihe cell, and the formation of a ‘hoop’ adherent to 

p ' . ('iistracaue, ‘ The Theory of the Reproduction of Diatoms,’ dfti do//’ Atcad. 

I (iei Xiiofi Lincei^ May HI, 1874; and ‘ Xew Arguments to prove that 
lar-ins are reproduced by means of Germs,’ ibitl March 1?, 187a. 
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ftU'U end-v«lve, so tliat the two vn Ives are sepanited by a I, 
which ijvogressiively increases in breadth by a(idition to tlie -r 
cMhrcs of the lKK)ps, as is well seen in % 445, A.. In tl>e a. .,lv 
bwmedcelle, ihe two valves arc in immediate appositmn : in / ,9 
band intervenes; in this band has become^ much wider ; and ;.. 
the increase has gone on until the original form of the (!ell is c. at- 
nlotelv cliangcd. At tlie same time the endochrome separatees inm 
two lialves : the mideus also subdividcsintlie manner formerly d. m-, 
(fi‘r 417 O H. I); and the parietal utricle folds in. first ibiiiKu;: 
a niere wmstriction, then an hour-glass contraction, and , 

complete double partition, as in other instances. From each ot ,t> 

^ adjacent surfaces a hhw 

siliceous valve is foriiu'i], as 
sbowui at fig. 445. A. j\isr 
as a, new cellulose wall is 
generated in the suhdiiision 
of other cells ; and this val\,‘ 
is nsiially the exact cimnfor- 
]>art of the one to which it 
is opposed, and forms with 
it a complete cell, so tliat 
the original frustnle is iv- 
placed by two friistnles. encli 
of which has one old ami one 
now valve, ju.st as in Ih^un- 
diamH. (Generally sponkini:. 
the new valves are a little 
smaller than their prede- 
(‘essors ; so that, after iv 
peated subdivisions (as in 
chains of dsthnua). a diminu- 
tion of diameter becoims 
obvious.^ But soinetiiaes 
the ne\v valves are a little 
larger than their itredeccs- 
sors; .so that, in the iila- 
jtatiou p re pamtory to subdivision ; c, forma- species, there ni:iy 

tion of two new- cells; young cells; Tt, tvAnva-we siitficient to 

end view ; C, side view of a cell more highly be HU inctease M ttK lcnt 
iiiaguified. occasion a gradual widtmnj. 

of the filament, aldioagli 
not perceptible exce]>t when t\\o continnons fntstnles are (‘oiii- 
pared : whilst, in the free forms, fntstnles of difierent si?.t‘s »!•>> 
be met with, of which the larger arc more numerous tlian the 
smaller, the increase in number having taken place in geomctrioal 
progre.ssion, whilst that of size wars uniform. It is not always clciO 
what becomes of the hoop. In Melosha (tig. 444, A and B). 
perhaps in the filamentous species generally, the hoops .appeal to 
keep the new frustules united together for .some tijne. 
first the ca.se also in Biddulphia and Isthmia (fig. 457). in which r 

1 Tills could not l>e explained on the hypothesis of the rigidity of the wnlh within 
w'hicli fission takes place. 
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•uiirinuH^ connection of the two frustules by its means gives rise to 
!ii appearance of two complete frustules having been (levelope<l 
within the original (fig. 445, A, C) ; subsequently, liowever, the two 
iif'W frustules slip out of the hoop, wiiich then becomes completely 
(tetatbed. The same thing happens with many other diatoms, so 
tluit the hoops are to be found in large numbers in the settlings of 
wutev in which these plant, s have long been growing. 

But in some other eases all trace of the hoop is lost, so that it 
iiiriv be questioned whether it has ever been properly silicified, and 
wli*ether it docs not l)ecome fused (as it were) into the gelatinous 
envelope. During the healthy life of the diatom ^ the pmcess of 
hinarv division is continually being repeated ; and a very lupid 
multi plication of frustules thus takes place, all of which must he 
nuisidered to be repetitious of one and the same individual furni. 
lienee it may happen that myriads of frustules may bo found in one 
loeality, uniformly distinguished by some peculiarity of form, size, 
or marking, which may yet have had the same i-emote origin as 
another collection of frustules found in some different locality, and 
alike distinguished by some peculiarity of its own. For there is 
strong reason to believe tliat such differences s[a'iii'g up among the 
progeny of any true generative act, and that when lhat progeny is 
ifispersed by currents into different localities, each will continue to 
multiply its own special type so long as the process of binary division 
goes on. 

We have seen that division is of the nature of multiplication, 
and not of reproduction ; and that, where it does take place, it must 
l)C regarded as the exception, and not as the ride. As respects 
reproduction, Count Castracane, who was an observer during 
years devoted to the study of diatoms, had tlie opportunity 
of noting in what way the process differs in particular cases. 
He contended that he had been able to see in a Fodosphpnia the 
emission of gonids or sjxirules oi' embryonal forms, in the same way 
in which Babenhorst saw* it in J/efoszVa varidiis, and O’Mciii'a in 
Pkurodgma Spcncerii ; and in another case thei'e w’ere seen a 
number of oval cysts of a species of Xavicida easily recognisable. 
The greater number of these were in a quiescent state ; but some 
few ivere seen in motion by means of two fiagelliform cilia ; so that 
these larger or .smaller cysts i-epresented zygospores, and some of 
(liem were shown to bo zoozygosporos. Castracane had the good 
loi'tiine to meet with a number of large and small oval cysts 
imbedded in a gelatinous mass, all of them having in the centre two 
duiilar corpuscles. From the condition of two greenish otdong 
indistinct forms, these w*ent on, by an easy transition, to manifest 
themselves as naviculoid types, and at length developed into full- 
gruwu Irustules of Mmtoglom. All this proved, in his judgment, 
how reproduction in diatoms may ]iresent itself in different forims 
and with different peculiarities; for wliich reason one ought to 
avoid arguing' from special cases to general law.s. Tim only thing 
wliicii can be jissevted of all cases of repiDduction, is that it must 
he -jireceded by conjugation, wliich results in the fertilisation of the 
* This refers to those diatoms in which binary subdivision can take place. 
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snoriilos or ^^oiiids, which, tifter a peiitxl of repose or of iiu'ui,.>i 
inclosed within a cyst, or within a membranous frond, or =, 

fvustnle. attain a condition for living an iudepcndeiit lit' 
venrodncing in ever\^ respect the adult type of the mothei 'cell : !; -> 
the cyst, tlie membranous frond, or the fnistnle, perfoviu- -I,., 
function of a sporange. Castracane was of opinion that these 
or enibrvonal forms could liavc no traces of silex in their (rlh\M:i|,. 
scai'cely\vet formed, until a few years ago,^ among the diatom, 
nfa, inaruie deposit of the Miocene period, he met with a p.-i f.rt 
friistule of Coaciitodlsms puncialm, which, between tlie two |.iiiiL*-,s 
of the valves, and therefore within the cell, exhibited some roin,<j 
marks wliich admitted of no other interpretation except that oj 
impressions or traces of the embryonal forms surprised by dearli 
while still attached to the motheT‘-cell. More recently Im met uiiJi 
other eases identical in character, so that he has no longvi- Jiiv 
<loubt as to the presence of silex in the cell-walls of diatoms wliich 
have not vet emerged to the light. 

The hn-mation of ‘ enducysts’ ithin the frustule of diatoms has 
also been observed by Comber, Murray, and others. 

No one appears at present to have given attention to a ciiouiii- 
.staiice described l)y Castracane ^ in relation to a specimen of SlnnioU^> 
nnipwnctata. wliiiL has passed thousands of times under tlie eyes-of 
all, without its significance being recognised. dMie diatoms winch 
we have mo.st frequently under our observation do ^ not alwa\> 
exhibit tlie same arrangeinent of their endodirome. The attem].t 
has, indeed, been made to found the classification of diatoms im llic 
arrangement of the endochrome, according as it is pre.soiir m th.- 
form of plates or of granules ; tliiis distinguishing tliCji/rtcecA/ec^fl/K' 
and the cocmchromatlc forms ; hut a difficulty is presented ni tlie 
wav of this classification by certain types which sometimes belong tn 
the cue, sometimes to Ihe other class. And this cannot be tlic 
result of accident. Such variations might occur in some diatmie 
as the result of special biological conditions of the mdnnluiil. 
There may frequently be seen, for example, a specimen of }!dmu'« 
mriaas with its eell-cavity filled with endochrome, not m a comlinou 
of unequal amorphous masses, but of iinilorm rounded corpiw 
and this demands particular attention, or at least gives goodgronu' 
for special research. A diligent examination instituted iii tlicsi' 
cases has demonstrated the existence in them of- a special orgiaii- 
sation ; and the determination of a narrow and well-defiiicij ImiiT o 
outline seems to prove that these were perfectly distinct aix 
independent of one another. From the perfect resemblance . t 
these to the gonids and emliryonal forms seen to escape ii ‘>]ii 
mothei-'cell by Ilabenbor.st, O’Meara, and Castracane, he 
that this special arrangement of the endochrome must be mteipvc n 
as a, prelude to the process of reproduction. . 

These observations may ix).ssibly attract i.hc attention oi ^ 
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',\iin ai'e applying thevnst'ives to the study of diatoms to so important 
;,u ;ii-irumeut, on which may depend the possibility of establishing a 
)v;illv good (dassificotiou of diatoms which will at length sjxtisiy 
.liiitunusts. At present preference is generally accorde<I to the 
classihciition proposed by F. h. Smith, which establishes the class of 
i;>ipliideo from the presence of a raphe in the ])lane of the valves. 
If tlicre is, on the valves, in place of the raphe, a simple line of 
division, tlie forms thus characterised are termed Psendoraphidea' ; 
while those in whicli the valves have neither raplic nor its e(ptivalent 

called Cryptovaphidea', or, better, Anaraphidfia'. Mdiile, there- 
fore. in tlic present state of our knowledge of diatoms, any classifica- 
(ioiicaii only be regarded as provisional, we do not propose any 
iiiiiuvatum on this point., althoiigli we are disposed to accord our 
jiivferenoe to that suggested by H. L. Hinith. 

(,'oiijiigatioii, so far as is at present known, takes place among 
tiie la-ilinarv J)!atoi)}aC€(f: almost exactly as among the IhsmiduiceAV. 
except that it sometimes results in the production of two ‘ zygo- 
>|iitjrs’ instead of a single one. Thus in SiirmUn (hg. 453), tlie 
lalvcs of two free and adjacent frustules se|->arate from each other, 
;tiid the two endochromes {probably included in their jiarietal 
utricles) ai-e discharged ; these coalesce to form a single mass, 
wliirli ijccomes enclosed in a gelatinous envelope, and in due time 
til is /vgosporo shapes itself into a frustule resembling that of its 
parent but of larger size. But in Epithmla (fig, 44h, A, B), the 
first diatom in which the conjugating process was observed by 
Ml'. Th Waites,^ the endoehi'ome of each of the conjugating frustules 
(C. U) appears to divide at the time of its discharge into two halves; 
each half coalesces with half of the other endochrome ; and thus 
l»-o yygos|;K)res (E. F) are formed, which, as in the preceding case, 
I'ccome invested with a gelatinous envelope, and giudually assume 
the form and markings of the parent frustules, but grow to a very 
iimcli larger size, the spoi'sngial masses having obviously a power of 
srlf-iucrease up to the time wlien tiieir enx'elopes are consolidated. 
It seems to be in tliis way that tiie normal size is recovered, aft.er 
the progressive diininiition which is incident to repeated binary 
umltiplication. Of the subsequent history of the zygospores much 
remains to be learnt; and it may not be the same i)i all cases. 
Appearances have been seen which make it idiuost certain that the 
niiiteiitsof each zygospore break up into a brood of gonkU^ and 
that it is fi'om these that the new generation originates. Tbc.se 
•gouids. if each be surrounded (as in many otlier cases) by a di.stijict 
cyst, iiiuy remain undeveloped for a considerable period ; and they 
must aagiiiciit considerably in size before they obtain the dimensions 
"t the parent frustule. It is in this stage of the process that the 
iiiiidifying influence of extermil agencies is most likely to exert its 
^-fleets; and it may be easily conceived that (as in higher plants and 
amiiiah) this influence may give rise to various diversities among 
dll- respective individuals of the same brood; which diversities, as 
nr li.'We seen, will l)e transmitted to ;dl the repetitions of each 

‘ yee of Kntiind tiinforiLvoX, xx. ser. i. 1S47, pp. i54a unG vol i. 

M'f. n.l84s.p. mi. 
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that are produced hy the process of binary division. Hciic- ;.,.v 
considerable latitude is to be allowed to the limits of species, wl. i|;,. 
<lifferent forms of Diatomace(B are compared; and liere, as ij, ; 
other eases, a most important question arises as to wlait n,r< 
lirftits— a question which can only be answered by such a f 
study of the entire life-history of every single type as may . .i,,], 
tageously occupy the attention of many a mi(;rosci)pi.st wla; A ;,t 
present ■'devoting himself to the resolution of the marking. „„ 
diatom- valves, and to the multiplication of reputed species !.v tin- 
detection of minute dili'eiences.^ 

This formation of what are termed njixob^poi'es—ixa serving Ui 

augment the sizt* n!' tlit^ 
A B c o colls which are in givt- 



Fig. 446. Conjugation of Epithemia ttirijula\ A, 
front view of single frustute ; B, side view of the 
same ; C, two fi'ustules with their eoiicave surfa.ee s 
in close apposition ; D, front view of one of the 
frustules, showing the separation of its valves E, 
F, side and front views after the formation of the 


origin to a now g< nev.i 
tioii — ta,kes place on m 
very different plan in 
some of thosefilameiif ells 
types, .such as J/r/o.N>(Va 
(fig. 444, A, H), in whidi 
a. strange ineijnalitv 
pi'cscnts itself in tin* 
diameteivs of the differ 
ent cells of the s;n>ie 
filament, the larger ones 
being usually in various 
stages of binary suh 
division, by which tliev 
multiply themselves 
longitudinally. Accord- 
ing to the obsevvatious 
of Mr. Thwaite.s (/oc, 
c/L), these also jue tlie 
products of a kind of 
conjugation lietwccn the 
adjacent (‘ells of the in- 
dinary diameter, taking 


iiygospore.s. before thecninple- 

tioii of their separation. He describes the cndochrome ot pnrticnlar 
frustules, after sepai'ating as if for the foimation of a pair of new cells, 
as moving back from the extremities tow'ards the centre, vapidly 
increasing in (]uaritity and aggregating into a zygospore (fig, 447. 
No, 2, «, />, c) : around this a new envelope is developed, which may nr 
may not resemble that of the ordinary frustules, hut \Nhich rciiiam^ 
in continuity with them ; and this zygospore soon undergoes hinan 


’ See un tliis subject a valuable paper by Prof. W. Smith ‘ On the Detennin.it ion 
of Species in the Dintnmncece,' in the Quart. Jouni. of .Viemr. 

1855, p. 130; a memoir by Prof. W. Gregory / On Shape of Outline issr,. 

Character of Diatoumcceef in Tram, of Microsc. Soc. 2ih1 senes, .q;^ 

p. 10; and the Author's Presidential Address, in the same volume, piv , 
Navici/la crassinenyis, Frvstulia. saxonka, and N. 

W. H, Dallinger, Monthly Micro. Journ. 1876, vol, xvii. p^l ; also an c ' ( • 
note on the identity of these, by the same Author, ibid. p. 173. 
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sHiulivision (^^ 0 . 3, ft, c), tlie cells of the new series tlius developed 
jiio^fiiting the character of those of the original filament (1), l>ut 
rF]v;irly exceeding them in size. From what has been already stated, 
[r se(-‘uis probable that a gradual reversion to the siualler form takes 
in subsequent subdivisions, a fimther reduction being checked 
liv a uew^ formation of zygospores. The various modes of formation 
of ;mxos]jores in the Biatomaeeae are classified by Klebahn \inder 
different heads, viz. ; — (1) Kejuveneseence of a single cell, accom- 
[i;iiiied by an increase in size; this is the simplest type, and one 
,ii' tlieniost common, (2) Two da lighter -cells are produced from the 
pi-ntoplasin of a motlmr-cell, and (roin these arise two auxospores 
iA(‘!inmithes lori^ipes, Rhabdomma arrAwliim). (3) Two cells lying 
side hv side cast ofi* their old valves, and each gi’ow,s into an 
iUixosporc, without any previous firsioii, or any visible interchange 
of contents ; thi.s is the commonest tyjje of all. (4) A true conjuga- 
tion takes place ; the protoplasmic contents of the tivo cells fuse 



Fi(i. 447. -S<Flf-coiijHgatIoii (?) of Melosint itaUca ^Aidacosira rjerutlata 
Tlnvaites}: 1, simple fiUunent ; 2, fllameul developing anxo spores ; o, b, c, succes- 
sive stages ill the formation of auxospoves ; aiixospore-frustules in successive stages, 
I.', ^ 1 , of multipUciitioii. 


together into one, and this mass gi-ows into an aiixo.sporp. (5) Before 
coujiigatioii, the protoplasm of eaidi of the two (‘ells divide.s before- 
hand into two daugliter-(*plls, and two auxospores ai'C formed by 
the fusion of a daughter-cell from each mother-cell with the 
daugiiter-(;ell of the other one lying opposite to it ; this is the most 
roniplicated process {Ampkom ocalis, Epithemia Aryns, Rhopa- 
hd'id ijlbha^ Ac.). 

riie most ('iirious phenomenon presented by diatoms is un- 
'knilitedly their power of movement, which induced Ehrenbergand 
iIk' other early ob.server.s of these organisms to place them erro- 
Urouslv in the animal kingdom, although it affords no evidence of 
»)ii.s(;iousiiess. This power of movement, if not comnum to all 
difdonis, -.s very 'evident in those species winch are normally or 
af;('i(lru,,a\ly tree, and most conspicuously in oblong forms, such as the 
of Aavienh. In those also winch are stalked it has been 
i^“'K-eil that if, from any cause, a frustule becomes detached, it is 
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endowed witli a motion similar to tlmt of the species wlii. 
noriiially free. This eimmistauee has caused the . 

of Mr. W. Smith’s pro]X)sal to assigia ageneric value tothe<;(,f:=i:i|,,jj 
in which the trust iile is ]K>ssessed of tliis property without rei,»;( r.l ; , 
form . H en ce those genera are 1 1 ot no w gene va 1 1 y r ecogni sed win c 1 1 •. 1 1 
only ill lieing enclosed in a memhranous frond, or in being >>,11],,.,] 
especially since frustiiles coiLt.aLned in a slienth, for exuiiple in 

have been seen to escape from it, and to be iireveuti-.] iVion 
retuniing again to it in eompany with the sistm* Navicula;. ip.m.,. 
the geneiu ,':>chizoimua, Berkelef/a, and Dickiea must be reiunt/'i! to 
Xai'icula ; Cocconema, E/idonema^ and Colktomma to (■{/nihf-lhi ; 
Jfomeodadla to Xitzachia. Tlie singular pbenomeuon of moveianit 
which may be observed in many genera of diatoms - among \ducli 
the most: singular is that presented hy BaciUaria par(t({o,r(( {i\iy. Uj)) 
in which the rod-like fvustules are seen to he ooutimiallygliiiijigoji^. 
along another, in a retrograde direction, before tlmy become (liaaclii'ii 
— is round to be in general a movement backwards and forwanls i]j;j 
straight line so far as they meet with no impediment, while tin. 
intervention of obstacles determines a passive change of <lireelioi.. 
The backward and forward movements of the Xariadtt' liaielieen 
already desciibed ; in SitrireUa (tig. 4o;l) and C(()npf/hdlf!rii..‘ 
(tig. 454) the motion never proceeds further than a laiigiuM roll ti»iii 
one side to the other ; and in CTomphonema (tig. 4(53), in whicls a 
foramen fulfilling the nutritive office is found at the larger cMreinitv 
only, the movement (which is only seen when thefvust.uleisse[wiViiTtd 
from its stipe) is a hardly perceptible advance in intermitted jei-k> 
ill the direction of the narrow end. The cause of this nioveuu'iit i> 
uncertain. It has been relerred by different authors to tVie actinn 
of endosinoseand exosmose ; to cilia; to the projection of psendujHuk- 
like masses of protoplasm tlirough orifices in the raphe, or of a 
elongated protoplasmic thread ; but the most probable iutei'pvetatii'ii 
attributes it to the action of the cliangesi'esnlting from the nutrition 
of the coll, w’hich must necessiU’ily absorb food in a liquid conditioa. 
Taking account, therefore, of the relatively consideraide ijiiautityol 
silex necessjirv to the orgauisation of the diatom cell in pn>|xirtii>!i 
to its minute dimensions, and bearing in mind, at the saiar tiiiu'. 
the incalculably small traces of silex in solution in the water, it 
may be understood how acli\'e must he the exchange from tlir 
exterior to the interior of the cell, remf, and lienee liow 

such an exchange must determine a continnal change of positii’u 
backw'ards and forwards, through the reaction exercised on the 
delicate floating frustides. 

The principles upon wdiich this intei'csting group should be chi 
filed cannot be properly determined until the history of the gi'iiera- 
tive process — of which nothing whatever is yet known in a 
pro^xirtion of diatoms, and but little in any of them—shail hmy 
been thorough ly fo I lowed out. The observations of Focke ' render a 

' See CastracMie, ‘ Observations on the Genera Homeocladiii tuul 
in Atti dell’ Accad. dei Nuovi Lincei, May 2;-l, 1880, __ 

Aceordiiig to this observer (Aafu of Nut. Hist. Slid series, voh s'- '^..,1 

Navicula bifrons forms, by the spontaneous fission of internaUnbstiiuee, 

bodies, which, like geinmnles, give rise to Hurirelln wicroeorn- .Ctuve n 



DIA'roilACK.V: 


603 


|.i^!,]v ]ivobfible that many of the foi'iiis nt present eonsirlered asdis- 
tiu,'} 'lVom eacli otlier would prove to be but different states of the 
sMiie if their ichole liistory were ascertained. On the other hand, 
jr i-, \ >\ no means impossible that some wbicli appear to be nearly 
ivliilod in the structure of their frustiiles and in theirjinodo of 
ii'iMwth may prove to have quite different inodes of repioduction. 
At j'reseiit, therefore, any cdassification must be merely jiro visional ; 
liiid ill tlie notice now to be taken of some of tlie most interesting 
f.iviHs of 1 lie the method of Professor Kutzing, wliicli 
is liased upon tlie characters of the individual frustiiles, is followed, 
in jirefereiice to that of Mr. W. Smitli, wliich was founded on 
the degree of connection remaining between the several frustiiles 
;ift('r liinary division.^ In each family the fi'ustuli*s may exist under 
tour coiKlitions (ff) free, the binary division being eutii-e, so tliat the 
ti'ustiiles separate as soon as the process hits been coinjdeted ; (6] 
,,tipitato, the frustiiles being implanted upon a coinmou stem (fig. 



which keeps them in mutual couucetion after they liave tbem- 
xbvs mnlei-gone a complete binary division ; (c) united iii a filament, 
wluVIi will bp continuous (fig. 445, A, B) if tlie cohesion extend to 
die entire sui-faces of tlie siiles of the frustules, but may be a mere 
zigzag clmin (fig^ 451) if the cohesion ho limited to their angles; 
('0 aggregated info a frond (fig. 464), which consists of numerous 
fiaiKtules more or less regularly enclosed in a gelatinous investment, 
< ' '1 1 line 1 icing with the last-named division (A), the first family 

ii'm jirojlnee A . >ipl(’)}(li(ht, wlilcli gives rise to AT, biftxma by tlie same process. He is 
"11 > to speak positively, however, as to the iiroduction of A', hi from from Ah 
!(' I of Siirirflia wicroevra ivom A’. iZ/Voav, and that of At uplendida 
being matters of inference frojii the phenomena witnessed 

rUf -Kiitzing was the one followed, with some, modification, by Air. 

•iiid ^ the group for the fonvth edition of Pritchard's liifusotia', 

!l..( .'b 1** arrangement tlie Author would refer suf;h as desire more 

hnlci information, 
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is that of Etinotiem^ of which we have already seen a char.n . . i 
example in Epitliemia turgida (fig. 446). The essential cl i i .ct,.]..; 
of this family consist in the more or less Innate form of the 
in the lateral view (fig. 446, B), and in the strife being c(»ii; 
across the valves without any interruption by a lougitudio. j 
In the genus Eumtia the frnstules are free ; in Epithmia tI -v ai, 
very commonly tidhercnt by the flat or concave siuface of tia- l oj,. 
necting zone ; and in Wmantidmm they arc usually imitcl inta 
ribbon-like filaments. In the family Meridiere we find a dmitn- 
union of the transversely striated individual frustnles ; but t la seine 
narrower at one end than at the other, so as to have a ninr;,Tc.,i 
wedge-like form, and are regularly disposed with their coiTesi«in.lii)j: 
extremities always pointing in the same direction, so that tlic lit,- 

ment is curved iiiMfiiil cf 
straight, as in the hiMuti- 
fill M&)'idion cii'cnhire (fio 
448). Although tliis plain, 
when gathered and ]il;u-ei| 
under tlie ini(a*()S(>ojK>. pir- 
seiiis the appearanct- df 
circles oveilying oiu- an 
othei', it really grow?, in a 
helicoid (screw like) kinu. 
making .several contiiiii<ub 
turns. This diatom ahennth 
in many localities in tlh 
country ; but theiv is ntm' 
in which it presents itst-lf 
in such rich luxnriaiice n- 
in the moimtain-brcok" 
about West Point in tin* 
United States, the hottain.' 
of which, according: to IVf 
fessor Bailey, ‘ are literidly 
covered in the first wnrui 
(kiys of s])ring wit!) m Irr- 

X'w. m. -Liaiwphora flahdlota. ruginous-coloured iiimH.iis 

matter, about a ipiavtcv I'l 
an incli thick, which, on examination by the microscope, prows t.' 
be filled with millions and millions of these exquisitely hcimtitnl 
siliceous bodies. Every submerged stone, twig, and spear ol grass 
enveloped by them, and the waving plume-like appearama* o a ti a- 
mentous body covered in this way is often very elegant, '* i ^ . 
tides o^Meridion are atfiiched when young to a. gelatinous cusinta . 
but this disappears with the advance of age. In the faniilv aiwn- 
phorece uho the frustnles are w^edge-shaped ; in some ^ ' 

transverse markings, "whilst in others these are de (ini ^ ^ 

most instances there are to be observe<l i,wo longitudina t 
lines on each valve (which have received the „1 

vittce) connecting their t'wo extremities. Tim newly V |,p 

the stipe in the genus Licnwphora, instead oi itself becoming 
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1 , ‘h act of biniuy division of the friistule, increases in breadth, 
! the Irustules tliemselves remain coherent, so that a beautiful 
!' ‘"n-e •irrangenient is produced (tig. 450). A splitting away of a 
iv'„ 4 ulcs seems occasionally to take place, from one side or the 
r. before the elongation of the stipe; so that the entire plant 
,'f^ n.s with a more or less complete or fan upon the 
^itMif the branches, with imperfect flabclhe or single frustules 
•'^•''-■nlailv sc'attered throughout the entire length ot the footstalk, 
'rbii lieautifid plant is marine, and is altaclied to seaweeds and 


the iie^tfrmilv, that of FranUariecf^., the frustules are of the 
v.iiH- !)veadth at each end, so that if tliey unite into a filament they 
ti'.iia a .'^tvaight band. In 
Sfmia Geneva they are ^ 

.iiKKKh!' in _ othens trans- ' 

evut rid nodule; when .striae f'M 

pi-c.'^oiit, tl ley run across ^ ^ H I 

tlu- valves wnthont inter- 

vuption. To tliis fiiniily jQ, 

Iwloiigs the genus a ^ 

w hicli give.s its name to the ^ 

iMitirc group, that name 

(wliich means cutting ^ 

thniugh) being suggested 

Ity till' curious habit of the 

uciius. in which the frus- 

tides, after division, sep:i- ^ 

I'atc iVoin each other along b-. W^Vv^X 

Tliciv Hues of junction, hut M 

tv'iiiain connected at their Mm w'^a^ 

iiiigles, so as to form zigzag 

chains (fig. 451). The Fkr. 451. Fic. 452. 

valves of /)//tiOJ}U(, when Fig. 451.— 7)/(f/ci»if3 vulgare: n, sirlc view of 
turned sideways («), ai'e frustule; frustule undergoin*' division, 


n to he strongly marked a,froi^ 

y and side views of single frustule ; o, 0, front 

uy ti aiisverse strw, wiiicn views of divided frustule ; c. frustule 

extend into the front view. about to undergo division; <f, frustule com- 
The proportion between the divided, 

leiigtli and tlie breadth of 


each valve is found to vary so considerably that, if the extreme forms 
only were compared, there would seem adequate ground for regarding 
them as belonging to different species. The genius inhabits fresh 
Water, prefen'ing gently miming streams, in which it is sometimes 
very abundant. The genus Frogilnna is nearly allied to Diutoina, the 
'lifierei.ee between them consisting (diielly in the mode of adhesion of 
the triistules. which in Fragihrkt form long, .straight filanients with 
parallel sides ; the filaments, however, as the name of the genus 
iiiiplics. very readily break up into their component frustules, often 
^(qiarating at the slightest touch. Its varioius species are very 
I'oinmon in pools and ditches. This fiuuily is connected with the 
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next by the genus yitzschia, which is a somewhat abernint+ui ,,, 
tin'^uislied by the presence of a proiiiinent keel on each valv... 

into two portions which are usually UTUMpial, while tli. , ; rj,, 
valve is sometimes curved, as in y . signiouha, which has Ix-n; ; 
as a test-object, but is nut suitable tor that jairpose on iai- .i in cf 
the extreme variability of its striation. Nearly allied to d.i.i, 
tlie "enus BaciUaria, so named from the elongated staff-like ii'riii 
its frustules ; its valves have a longitudinal punctated k.v!. 
their transverse stria* are interrupted in the median lin. , Tlu* 
principal species of this genus is the B. paradoo’a^ whose reni:ivk;ilt](. 
movement has been already described. Owing to this displiuvincm 
of the frustules, its filaments seldom present themselves witli 
iiavallel sides, hut nearly always in forms more or less o))li.|Ur, s,icli 
us those re[iresented in fig. 449. This curious object is an iiilial .irnut 
of sidt or of brackish water. Many of the species former])' iMuka.l 
under this genus are now referred to the genus Dtatomu, 'j’lie 
trenera yitzschia and Bacillaria have been associated by .Mv. K;;]fs 

“ with some otliev geni*):i 

A whicli agree with limn 

in the bacillar or stuli- 

iike foi'iu of tho li ns- 
tulesaiidiii the pirM-iitv 
of a longitudina] ktrl. 
in the sub-family Mt: 
schiete, which j-aiiks ii- 
a section of the N'o-i 
Another Mil)- 
family, c ‘ii- 

.sists of the geiiiis 
Sgnedra and its ;illit'>. 
in whi(*li the lurilbr 
form is retaiiicil. hiii 

_ the keel is waiitiii.n. 

and the valves are 

but little broader tha]i the front of the frustnlc. 

In the Surirdlm proper the frustules are no longer l*acillat. 
and the breadth of the valves is usually (though not always) giraOT 
than the front view. The distinctive character of the geinn 
SHrirellfi, in addition to the presence of the .supposed • caiialicu i. 
is deri\ ed from the longitudinal line down the centre of (‘ucli vah<‘ 
(fitu 453, A) ami the prolongation of the margins into -ab'. 
Numerous species are known, wliich arc mostly of a soinewliat o^at*' 
form, some being broadei* and others narJ‘o^\er than 
the greater part of them arc inhabitants of fresh or hraekislMvaTcr. 
though some few are marine ; and several occur iii those 
earths which seem to have been deposited at the bottnms (* 
such as that of the Alourne Mountains in Ireland (ug, . , 

In the genus Cmnpijlodisciis (fig. 454) ft ''iii'.l 

increased in breadth as to present almost the fm-ui «f .''y" h''-, L 
at the .same time tiave more or less of a peculiar tivis . oi y" 
sha,.ed curvature (B). It is in this genus that the .supi-oscl oui. 
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lifuli ' :ii'e most developed, jukI it is consetpiently here that they may 

I, (.4, studied ; and of there being here really cosUe, or internally 
l>i uir(.-ting reasonable doubt can remain after examination 

(Vibein under the binocular ii iicvoscope, especially with the ‘ black - 
<rj-,>nnd ’ illumination. The form of the valves in most of the species 
p <'ireular or nearly so ; some are nearly tkit, whilst in others the 
twi-^t i--^ gi'oater than in the species Imre ropresente<h Some of 
-im'cies are nuirine, whilst others occur in fi-esli water ; ji very 
Itcaatiful form, the 0 . ebjpeus, exists in such abimdanee in the 
iiifu.-iorial stratum discovered by Ehrenberg at Soos, near Ezer. in 
Ithenua, 1 hat the eartli seems almost entirely composed of it. 

The next family, the StriateUece, forms a very distinct gi-oup, 
(litici'entiated from every oilier by liaving longitudinal eostm on the 
(•(luiioctiug portions of the friistules, these costm being formed bv 
the inward projection of anuidar siliceous plates (which do not, 
lioivever. reach to the centre), so as to form septa dividing the cavity 
(if the cell into imperfectly separated chambers. In some instances 
tlicse annular septa are only formed during the ]iroduction of tlie 



Fi((. ronlains : front B, skle view. 

vah es in the act of division, and on each repetition of such produc- 
tiuii. lieiiig thus alway!> definite in number ; whilst in other cases 
the formation of the septa is continued after the pi'oduetion of the 
vah'cs, and is reimated an uncertain number of times before the 
m-inreuceof a new valve- production, so that the annuli are indefinhf^ 
111 mmiher. in the curious G-rmnindtophot'a m'pentina (fig. 452 ) 
the se])ta hat'C several undulations ami incurved ends, so as to form 
^cipentiue curves, tlie number of which seems hi Mirv witli the 
length of the frustule. The lateral surfaces of the valves in (Irani . 

are vciw finely striated, and some species, as G. suhiiUssiinn 
and <i mimmi, are used as test-ohjects, Tlie frustulos in most i.)f 
the geneva of this family separate into zigzag cliains, as in ])iatoma\ 
hut ia a few instance, s they cohere into a filnmeut, and still mori* 
nn-idy they arc furnished with a stipe. The small family Terpsxnom' 
''as sep<u'at,‘d by Mr. Ealfs from the Sifiatdle<f\ with which it is 
la'fii'ly allicvl in general characters, because its septa (whidi in the 
latter are longitudinal and divide the central portions intochamhers) 
ait^ ti’ansverse, and are confined to the lateral portions of the 
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frustdes which appear ill the front view as m Biddidphmr, 
tvDical form of this family is the Terpshioe munm, so name.] 
the resemblance which the markings of its costie bear tor. 

We next come to two families in which the lateral sirnf:,: , , „f 
the frnstules are cirnda,", so that, accoriluig to the flatne.ss ,,, 

VOXICT of the valves aniUhe breadth of the intervening hoop, . 1 
Jhe frustnles mav have the form either of thindi*s, short eyln .1,.,.. 

hleonvex lenses, oblate spheroids, or even of splieie»._ L,»,l,ine „t 
the structure of the individual fr-ustules the lino ot demanm..,,, 
liotween these two families, d/eio,s'ire« and Coscmod,,eecr ,s l.y 
means distinct,' the principal .lifterence between them lie, iig ,l„„ 
the valves of the latter are commonly areolated, whikt thoM- ni tli. 
former are smooth. Another important difference, lioweTci-, h,.. .,, 
tliis that the frustnles of the Cosamdtsm are alw.ays free «l,d„ 
hos’e of the Mdosirem remain coherent into filaments, wlm-l, ot,™ 
so strongly resemble those of the simple as to ,l,h 

dhtiiimfishable only by the effect of heat. Of tfiese last ll,c „k,s, 
important genus is mosim (fig. +44) Some of its speems :„v 
arine others fresli-water ; one of the latter, Jf. ochmm., s,.e„,s ,n 
"vow best in boggy pools containing a tevrngmons nap.-egnatioi, : 
and it is stated bv Professor Ehrcnberg tli.at it takes np iron, tW 
T er and incorporates with its own substance, a coiisid,.,,, .k 
' mmtitv of iron. The filaments of Mdosm,. very commonly 1,1 

., part at the .slightest touch, and 111 the inlusorial eaitbs "I'lrl. 

m e species abound the frnstules are always ound dciachol 
« 1K« « » d d) The meaning of the remarkable difteicicc in 

foi’iim of the friustiiles of tlie .same filaments (fig. 144) 
h'ls not yet been fullv a.seei-taiiieil. Ihe soles of the lalii's .iir 
fterlrked with riidiating striie (fig. 468 d. d); ami m 
species they have toothed or serin ted margins, by whudi the frostnle. 
1,4 together. To this family belongs the geiu.s //yafoiAsco, 4 
lock , brought into notice by the late Pl■ofc^^.>l 

iiIGpptives ami Ci^vcful illnmiimtioii. 

^ The familv Cof^cinodisc^cr^ Includes a large i>repartinu (>1 tbo a 08 

infusorial earth of Richmond in V shape, beim; wee 

t4trof"tw4relicate?^ 

hexagonal .areolation shown by smallest near 

t44err4^.S gr^uTlly"™!,^^^^^^ in size towards the margin; n, 
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others a few of the central areolje are the largest, and the rest are 
of nearly uniform size ; while in others, agiiin, there are radiating 
linos formed by areolae of a size difterent from the vest. Most of 
the sjtecies are either marine or are inhabitonts of bi'ackish Avater ; 
when living they arc most commonly found ailherent to seaweeds 
oi- zofiphytes ; but when de^xd the vaU'es hill as a sediment to tlm 
Ixtttom Ilf the watei’. In both these conditions they wei'e found by 
Trofessor J. Quekett in connection with zoopliytes which had been 
1, nought liome from Melville Island by SmE. Parry ; and the species 
seem to be identical with those of the Richmoinl earth, The in- 
vestigJitions of Mr. J. M , Stephenson^ on Coficmndiscus ocidas iridis 
show that the peculiar ‘ eyedike ’ appearance in the centre of each 
of its hexagonal arcolse arises from the interiningling of the mark- 
iiiirs of two distinct layer.s, differing considerably in structui-e. the 
markings of the loAver layer being' pa I'tially seen throng! 1 those of 
the upi^er. By fiacturiug these diatoms Mr. Stephenson siu*ceeded 
in separating portions of the two layers, so that each could l)e 
examined singly. He also mounted them in bisulphide of carbon, 


I'lG. 4oo.— Structure of siliceous valve of Coscinodi^ciis oculitK iridifi : I, he.xa^oiml 
areola of inner or ‘ eye-spot ' layer ; 2, areola of outer layer. ’ ” 

tlie refractive index of which is high ; and also in a solutioii of 
jihosphorus in bisulphide of carbon, 'which has a still liigher refrac- 
tive index. If we suppose a diatom to he marked with coare.c 
dfiiimions^ they wmiild act as concave lenses in aii', which is less 
I'ctractive than their own silex ; but when such lenses are immersed 
in hisnlphhle of ctirboii, or in the phosphorus solution, they would 
lie converted into coni'ex lods^s of the more refracti^’e substance, 
and have their action in air reversed. Analogous but opposite 
cltanges must take place Avlien convex diatom- lenses are vieAved first 
ill air, and then in the more refriH:ti\'e media. Applying these and 
ntlier tests to Coscinodisem ocidf<s iridis, Mr. Stephenson considered 
iKitli layers to bo composed of hexagons, represented in fig. do.o 
from draivings by Mr, Stewart. The upper layer is much stronger 
and thicker than the low'er one, and the framework of its hexagons 
more rcudily exhibits its beaded appearance. The lower layer is 
nearly transparent, and but little conspicuous when seen in bisuiphide 
n carbon, except as shown in the figure, when the framework of 
' Monthlif Microscopical Jouruoi, vol. x. 1873, p. 1. 

K R 





6 10 ^IICROSCOPIC FORMS OF VRGETABLR LlFE-TnALLOriiv tfs 

the hexagons and the rings in the midst of them appenr tiiirt. r.,. 
and more refractive. In both layers the balance of obsoi A 
tends to the belief that the hexagons have no floors, and are ii;- f., 
perforated by foramina like those of minute polycystiua. Tli- 
formed by the hexiigons of tiie npjier layer are of considi'j:)],!,'! 
depth ; those of the lower layer are shallower. It is very dt‘^il■:il 1 lf. 
that living forms of Coscinodisci should be carefully exanjii).-.] • 
since, if they really have foramina, some minvite organs mav la- 
traded through tliem. 

Tlie genus Acdmc^clus ^ closely resembles the pi-ecediug 
but differs in the mai'kings of its valvular discs, uhich are miuntth 
and densely punctated oi’ areolated, and ai-e divided radialjv l,v 
single or double dotted lines, wliich, liowevei*, are not coatinmnw 
but interrupted. The discs are generally iridescent ; ami, ulieti 
mounted in balsjun, they present various shades of brown. gi 
l>lue, purple, and red ; blue or purple, however, l)cing the 
frequent. An immense number of species have been erecte;! tv 
Professor Ehrenberg on minute differences pvesentCMl by thei’iivsn's 
to number and distribution ; but since scarcely two specimens iMit 
be found in wliich there is a perfect identity as to tliese ]wrticiil!U's 
it is evident that svich minute differences between organisms othei-' 
wise similar are not of sufficient account to serve for tlie sejwiratioii 
of species. This form is very common in guano from Icliahoe. Allivil 
to the pi’ecedingare the two genera A. and AstProntphfdiU't, 
Ixith of which have circular discs of which the marginal poition i>. 
minutely areolated, whilst the central area is smooth and [teifoctlv 
jitmline in appearance, Imt is divided by lines into radial coiupait 
ments which exteml from tlie central umbilicus towards the peripherv, 
Tlie differenee betwe<m them simply consi.sts in this, that in ditew- 
lampva all the compartments are similar and equidistant and the raV' 
equal, whilst \n Aaknnnphuhis (PI. I, fig. 3) two of the compartment^ 
are closer together than tlie rest, and the enclosed hyaline ray (wiiu-lt 
is distinguished as the meiliau or basal ray) differs in form from 
the otbens, and is sometimes specially continnoiis with the umhilirin. 
The eccentricity lluis produced in the other rays lias been made tlir 
basis of another generic designation, Spaiainjidum \ imt it may Iv 
doubted whetlier this is founded on a valid ilistinctiou.- TIh'-'I' 
beautiful discs arc for the most part obtainable from guano, mi'l 
from soundings in tropical and antarctic seas. From tlicse we 
on to the genus Actimptijchuii (fig. 456), of which also the fiaisnilc' 
are discoidal in form, but in whieli eacli valve, instead of lieingllai. 
has an undulating surliice, as is seen in front view (B). giving to tin' 
side view (A) the appearance of being marked by radiating haiah. 
Owing to tliis peculiai-ity of shape, the whole surface canirit 
he brought into focus at' once except with a low powm* ; ami tla- 

' The Aiithor eoiicttrs witli Mv. RaH$ in thinking it preferable to limit the jicau.' 
Acii)iQC7/cl m to the forms origimiUy iiidudefl in it by Ehrenberg, ami to restore tli*' 
genus Actinopiyvhun of Elirenberg, whieli had been improperly nnilecl with .t'hn't- 
by Professors Kiitzing ami W, Smith. _ __ . 

' See Greville in Qiiavt. Joiirn. ’MicroHC. .Scd-ncp, vt>l. vli. la'iSl, p. laS: iuitl in 
Tram. Micronc. Soc. vol. viii. u.s, IShO, p. 103, and vol. s, p. 11 ; abo tValJir-’ 
In the same Tyamartiuns. vol. viii. 18150, p. 44, 
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ilitlVi'euce of aspect which the diffevent riKlinl divisions present in 
((ij, Pld is simply due to the fact that one set is out of focus whilst 
^iio other is in it, since the ap}>en3‘;nu'es are reversed by merely 
altering the focal adjustment. The mmher of radial divisions has 
Viceii considered a character of sufficient importance to serve for the 
(liKtiiietion of species; but this is prohahly subject to variation; 
dnee wo not unfrequently meet with discs, (»f which one lias (say) 
oio'ht.aud another ton such divisions, but which are jirecistdy alike 
iim-vcry otlier particular. Tlie valves of this genua also are very 
abundant in the infusorial earth of liichinond, idennuda, and Oran 
(lig. 407, hy h, h)f and many of the same species have heon found in 
iruauo and in the seas of various parts of tlie world. The frustules 
'i]j their living state .appear to be generally attached to seaweeds or 
zobphytes. 

The Bernuula earth also contains the very hcautiful form 
which, though scarcely stqMrable from Adinopit/eJms exce])t by 
its marginal spines, has received from Professor Eliveulierg the dis- 
tinctive ajipellation of Hdlopdta (sun sliield). Tlie object is rcju-e- 
s(‘uted as seen on its InU'nud aspect liy the parabolic ilhnninator, 
wlilcli brings into view cerbun features that: can s(‘arcely be setat by 
(irdinarv transmitter! light. 

Five of the radial divisions are 
seen to he marked out into 
circular are die; but in the 
live wliich alternate with them 
:i minute headed .structure, is 
ihservable. Tins may lie 
•diown, by careful adjustment 
uf the focus, to exist over the 
whole interior of the valve, 
even on tlie rlivisions in wliich 
the circular areolatiou is here displayed; ;inil it hem^e ap]iears ju'fj- 
bahlr tliat this marking belongs to the inUrtwl layer, ^ and that the 
eircnlar areolailon exists in the Ofikr layer of tlie silicitied valves. 
Ill tile allernating divisions whose surface is luav displaye<l, the 
;iref)liition of the outer layer, wlien brought into view hv focussing 
down to it, is seen to be formed by erpiilatei'al triangle.^ : it is not, 
liuwnvev, iH'arly .so nell marked as the circular aveolation of the 
tii’st-meiitiom'd divisions. The dark spots seen at the end of the 
lays, like the dark centre, appear to lie solid arealations of silex not 
ti'aver.sed by markings, as in many utlier diatoms: they are appa- 
leiitly uot oritices, as supposed by Ih'ofessov Ehvenberg. Of thistype. 
again, specimens are found presenting six, eight, ten, or twelve radial 
'livisiuns, hut, in other respects exaeOy similar : on the otlier hand, 
siH'cimen.s agreeing in their number of divisions may exhibit 
''>iimte ditlereuces of oilier kinds ; in fact, it is rare to find two 

■I by ill'. Stodder {Quart. Jaurn. Mirrorn-, Scii’nre, vol. iii, n.s. 1863, 

'.n' . specimens, the inner p'rimulated plate 

'1!'!!'!, f outer, but that he lias found the inner plate altogether 

Mil .V' *1 ■ outer. The Author is indebted to this geiitlenkin for pointing 

iim Ins figure represents the /aaec surface of the valve. 



Fic. io[l-~Ari)n<qyi!/rh>i^ itiuinlain-i. 
A. side vieiv ; B, front view. 
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tliat ave p'eciseh/ alike. It seems probable, then, that ^vf^ miKt 
allow a consiilerable latitude of variation in these forms \>^^\\\]■^. 
attempting to sepaiute any of them as distinct species. 
very beautiful discoidal diatom, which occurs in guano, and is alx 
found attached to seaweeds from different jiaits of the \vo)'])| 
(especially to a species employed by the Japanese in makin<f 
is the ArackiioidiscHs (Plate XII), so named from the resemblajj^.,! 
whicli tlie beautiful markings on its disc cause it to bear to i 
spider’s web. According to Air. SliadboltJ who fii-st carcfuHv 
examined its structui^, each valve consist.^ of two layers ; the outd- 
one, a thin flexible horny membrane, indestructible by boiliui/ 
in nitric acid; the inner one siliceous. It is the former wliirh 
has upon it the peculiar spider’s- web like markings; wliilsl it 
the latter that foims the supporting framework which bears a voi-v 
.strong resemblance to that of a eii-cular Cirothie window. Tlio 
two can occasionally be sepirated entire by first boiling the dis(s 
for a considerable time in nitric acid and then earefidlv wasliim/ 
them in distilled water, Even witliont such se[wation, howevrr 
the (listinctiie.ss of tlie tavo layers can be made out by focnsdui;- foj- 
each separately under a 1- or lunch objective; or by lookinj;-^ at a 
valve as an opaque object (either by the pirabolic ilhimiiiator, 
or l)y the Liebcrkiihn, oi- by a side light) ^vith a |t-inch objective, 
first from one side and then fiom the other. But it can l)e seen tn 
■s'cry best advantage by the use of apochromiUic i)bjcctivcs nt 
suitable power and a suitable diaphragm for durh-^jrovmJ illami- 
uation. 

This fiuuily is connected with the succeeding by the small groii|( 
EupodhmvAhii members of which agn-ee with the Cfm-lttodimn' iw 
the genej'al character of their discoid frnstules, and with the h'vl 
dulphiew in having areolar ytrocesses on their lateral suiTaces. Ju 
the beautiful A idacod/'seas these aroolations are situated iieiu' llie 
margin, and ai'e connected with hands radiating from the cent re; llir 
surGice also is frequently inthited in a manner that reminds us at 
Actinoptychns. These forms are fot“ the most part obtained from 
guano. 

The members of the next family, Jikldulphiea', differ greatly in 
their general form from the preceding, being remark;d>le fn- 
the great development of tlie lateral valves, which, instead of heiu.u 
nearly flat or discoidah so as only to present a tliin edge in IVrmt 
view', are .so convex or inflated as always to enter largely into tlir 
front view, causing the central zone to ajqtear like a baml hetweeb 
them. This band is very nairow’ wlien the new frnstules arc Jir>i 
produced by binary division, but it increases gradimlly in Itreadtii. 
until tlie now' fnistule is fully formed and is itself undergoing the 
same tluplicative change. Jn Biddulphia (fig. 445) the frustnh'^ 
have a quadrilateral form, and remain coherent l.)y their altcrimtc 
angles (which are elongated into tooth-like projections), so as to form 
a zigzag chain. They ave marked externally by ribbings whicli seem 
to be indicati\'e of internal mdw jiartially subdividingtheravU}. 
Nearly allied to this is the beautiful genus /siAwia (fig* J'O; 

' Trans. Mkrosv. Sac. 1st series, vol, iii. p. 49. 
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the frustules have a trapezoidal form owii^g to tlie oblique 
l>rtiloogation of the valves ; the lower angle of each frustule is 
(•olicreiit to the miildle of the next one l>eneath, and from the bawd 
tVustnle proceeds a stipe by which the filament is atbiclied. Like 
the preceding, this geiuxs is marine, and is found atbiehed to the 
seaweeds of our outi shores. The arcolated structure of its surface 
is very coixspicuous both in the valves and in the connecting ‘ hoop ; ' 
•iml this hoop, being silicified, not only connects the two new frus- 
tnles (as at b, fig, 457), until they have separated from each other, 
lull, aftei' such separation, remains for a time lound one of the 
tVustules, so as to give it a truncated appearance («, c). 

Tile family Atmuliferm^ distinguished by the angular form of its 
valves in their lateral aspect, is in many respects closely allied to 
ihe preceding ; but in the comparative flattening of their valves it,s 
iiiomhers more resemble the Coscimdisce(fi 
:ind Eapodiscece. Of tins fiunily we have 
;i characteristic example in the genus 
Tt'kmdmh^ of which striking form a con- 
siderable number of species ai-e met with 
ill tlie Bermuda and other infusorial 
earths, while others are inhabitants of the 
exist iiig ocean and of tida 1 livers. T.fav 1 ts 
(tig. 44‘2), which is one of the largest and 
most regularly marked of any of these, 
occurs in the mud of the Tliames and in 
larioiis other estuaries on our own coast ; 
it has been found, also, on the surtiice of 
large sea-sliells from various parts of the 
world, such as those of Jlippopus and 
JkUotis, before they have been cleaned ; 

;iiid it pi'oscnts itself likewise in the iii- 
fusoviftl earth of Petersburg (U.S.A.). 

The projections at the angles which are 
^llo^vn ill that species are prolonged in 
same other species into ‘ horns ; ’ whilst 
in otliers, again, they are mere tubercular 

t'levations. Although the trimgidar form Fig. Vol.—hthma nervosa. 
(4 the frustule, wlien looked at sideways, 

is that which is characteristic of the genus, yet in some of tlie species 
tiiere seems a tendency to pi‘oduce5«rt^7r«n(/u7((v'aii(;l even pentagonal 
leniis, these being marked as varieties by their exact correspondence 
in sciilptnre, colour, A'c., with tlie normal triangular forms.' This 
departure is extremely remarkable, since it breaks down wliai seems 
at first to be the most distinctive character of the genus; and its 
“cciiiTonce is an indication of the degi’ee of latitude which we ought 
to allow ^ in other cases. It is ditficult, in fact, to distinguish the 
’Square ion as of Trmmtiwin from those included in the genus 

' excellent niemoii-fi ‘On the genus ’ in 

K'-« ' ^Ecrosc. Beiencf, vol, i. 185S, p. 245 ; vol. iv, 1856, p. 272; vol. vi. 

•r Wallich iti the same Journal, vol. iv. 1858, p. 242 ; and Greville in 

■toois. Microsc. Soc. n.s. vol, lx, 1861, pp. 43, C9. 
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ArtiphiMms^ which is ehieily cliaraetensed by the ciibifovm nK:i),(. nf 
its frustules. In the latter the frustules cohere at their iuio-l/... 

{IS to form zigzag filaments, whilst in the former the frustnl,., 
usually free, tliough they Imve occasionally been founrl iu chaii;. 
Another group that seems allied to the istlu'cai ;n;i^ 

iissembluge of forms brought together in the family 
of the fihiinentous types of which seem also allied to the M(do.<n'in‘ 
The peculiar distinction of this group consists in the piesciicc (,f 
tubular ‘ awns/ frequently proceeding from the conuectiiig ![,x.i{, 
sometimes spinous and serrated, and often of gi’eat lengtli (fig, 408)' 
by the interlacing of which the frustules are united into tiliiiK.nt/ 
whose continuity, liowever, is easily broken. In the genus UocUrm- 
trimi (fig. 459) there are sometimes as many as twelve of these 
radiating from each fiaistule like the spokes of a wheel, and in some 
instances regukrly hifurcatiin^ 
With this group is associated tlm 
genus RhizosoUnia., of whic-h several 
species are distinguished l>y the ex- 
traordinary length of thc fnistulr 
(which may be from six lo tweuti 


Fi(i. 458. - CVo^fooe/’Os '\Vi(}h(iuiii : a, front Fig. Bacli riantnnii 

view, an 3 b, side view of fmstnle ; c, side finratum 

view of eoanectiiig hoop and awus ; 

( 1 , entire fihuneut. 

times its breadth), giving it the aspect of a filament (tig. 400). 
by a ti'ansverse {uinulation that imparts to this fihiraent a jointed 
appearance, and b}’ the termination of the frnstule at each eiwl in :> 
cone, from the apex of which a .straight awn proceeds. It i.s not :i 
little remarkable that the greater number of t-he examples of lhi> 
curious family are obtained from the stomachs of Ascidiaiis, tSnlp*'. 
HolothnrisD, and other marine animals.^ 

The second principal di\'isian (B) of the Diatoinacm coiisi.^ts. it 
will be remembered, of those in xvhich the frustules have a inedi.m 
loiigitudiind line iin<l a central nodule. In the first of the fiinilit':* 
which it includes, that of Cocconmlm, the centinl nodule is obsenu' 
or altogether wanting on one of the valves, which is distmguislle(^'^ 

* See Bri"htwell in Quart. Journ. Mkrosc. Sckucf, vol. iv. p. V‘ 

1858, p. 93 ; Wallich iu Trum. Mkrosi\ Soi:. u.s. vol. viii. ISfiO, ]% 48 : aiul ' • " 

the same, p, 151. 
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flu-' iiifeviur. This family consists bvitof a single genus, Coccoutis, 
u hich iiicludes, however, a gi-eat number of species, some or other of 
ilu'in occurring in every part of the globe. Their form is usuhHv 
of ellipsoidal discs, with surfaces more or les.s exactly parallel, 
iilnue or slightly curved; and they are very commonly found ad 
lu'i-ent to each othei'. The frustules in this genus are frequently in- 
vested by a membranous envelope which forms a border to them ; but 
iliis seems to belong to the immature state, .subsequently disjippear- 
m moi’G completely. 



Another finnily in ovhich there is a dissiniilai'ity in the two 
iuteral surfaces is that of the AchnanthpcH^ the frustiile-s of which 
are remarkable for the bend they show in the direction of their 
length, often more convspiciiously than in the example here rejn-e- 
•^euted. This family contains free, adhei'ent, and stipitaie forms, 
one of the nnwt common of the latter being Achnanikes hvijijm 
y.jj; '^'hhdi is often found growing on marine alg;e. The 
'1 levence netween the markings of the up])er and lower valves is 
icift <listiuetly seen ; for, wliile both are trav ersed by stria?, which 
■ue. resolvable under a su-ftieient ]X)wer into rows of dots, as well as 
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bv longitudinal line which sometimes 1ms a nodule at om i, ,,„l 
las in slvioda), the lower valve (a) has also a transverse line 

a aanros, or cross, which is wanting in the upper valve e,. a 
nersistence of the connecting membrane, so as to form an a, diti„,r,| 
connection between the cells, may sometimes be observed mihis 
teuus; thus in fig. 461 it not only holds together the two 
frnstules resulting from the subdivision of the h.we^ cel , ,,, wl,,,!, 
are not yet completely separated the one from the other bat n ,„„v 
bo observed to invest the two frnstules b and c, which have i,„t 
merely separated, but are themselves beginnuig to undergo linen 
subdivision ; and it may also be perceived to invest the frnstule ,1. 
from which the frnstule c, being the terminal one, has more coi,,- 

on the other hand both valves jxis^css 
the longitudinal line with a nodule in the middle of its length • 1«„ 
the valves have the general form of those ot the Exmotm, and the 
ne i irimch nearer one margin than the other that the n«l„le 

IS sometimes rather inai 
C ginal than central, as \vt* 

see in Coccotmaa (%. 
468,/). 

The Gomplioi\men\ 
like the J/f?nVZ?Ve; ami 
Licmophorece, have friis- 
tiiles which are cuneati- 
or weclge-shapecl in llieir 
front view (fig-s. 462. 46ii). 
but are distiiignisluMl 
from those forms by tin* 
presence of the longi 
— tudinal line and central 

Fig. 4()o.— more higlily Although their 

magidfird: ,V, side view of fmstiik;B, front view, 

C, fnistale m the. net of division. 

part of them, included in the genus frtve ther fine 

Lies either affixed at their bases or atfemhed to « f;'!';; / 
seems to be formeil by an exudation from the fnistule, UK 
secreted only during the process of binary division ; beiice, k icii 
has beefcomAed, the extension 
below the frnstule ceases ; but when it recommences, a soit ot j 
o ti^feilLned 
for each of tliehalf-frustules; 



arc, vvjLiiji io'v , — - 

the coramoiiest tonus of Ditdmivwefr the 

Lastly, we come to the large ^ 

of whichL-e distinguished by the symmetiy of tl ^ 

well in the lateral as in the i'" Vb ,f h Ll™' In the 

median longitudinal line and central nodule m both vaUe 
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irciius Xavicida Hiid its allies the frustules are free or smiply 
^(l}i!‘iei)t to eaeli other; while in another large section they are 
h)chnie(l within a gelatinous envelope, or are enclosed in a defi- 
nite tuhnlar or gelatinous frond. Of the genus Navicula an 
iimncnse numl)er of sjiecies have been described, the grounds of 
separation being often extreuiely trivial. Those which luve a 
liitcral sigmoid curvature have Wen f^pirated by Mr. W. Smitli 
nudcr the designation Vkimsujma^ which is now generally adopted; 
l)nt his separation of another set of species under the name Fman- 
km (which liad been jirevioiisly applied by Ehrenberg to designate 
tlie striated specie.s), on the gi'ound tliat its striie (cosUe) are not 
)‘cso!vahle into dots, was not considered valid by Mr. Kalfs, 
Ixa-ause in many of the more minute species it is impossible to 
distil iguisli with certainty between striie and costa\ Mr. Slack has 
since given an jLCCOiint of the resolution of the so-called eostm of 
twelve species of Pimmlar 'm into ‘ beaded ’ structures^ The beanti- 
fill genus Stum'OMis, which belongs to the same grouji, differs from 
all the pi'Bi'eding forms in having the central nodule of each valve 
dilated laterally into a hand free from strife, whieh forms i\ cross 
witli the longitudinal band. The multitudinous sjiecie.s of the genus 
Xt(ricidii- are for the most part inliabitants of fresh water ; and tliey 
constitute a large part of most of the so-called ‘infusorial earths’ 
whidi were deposited at the bottoms of lakes. Among the most re- 
markable of .such deposits are the substfinees largely used in tlie arts 
for the polishing of metals, under the names of Tripoli and rotten- 
stone ; these consist in great pj\i’t of the frustules of Xavictdfe and 
Pinnnlarke. The PoUerschiefer, or ‘ polishing slate,’ of Bilin in 
iloliemia, the powder of which is largely used in flermtmy for the 
same purpose, find which also furnishes the fine sand used for the most 
delicate Cfistings in iron, occurs in a series of beds averaging fourteen 
feet in tliickness, and these present appeanmees which indicate tint 
they have l)een fit some time exposed to a high temperature. The 
well-known ‘ Turkey-stone,’ so generally employed foi‘ the sharpening 
of edge-tools, seems to be essentially composed of a similar aggrega- 
tion of frustules of Xavwtd(6, cW., which have been consolidated hv 
heat. The species of Phurosupna, on the other hand, iire for the most 
jiart either marine or are inhabitants of brackish watei’, and they 
comjiarativcly seldom present themselve.s in a fossilised state. Of 
>t<tvronm some speeies inhabit fresh water, while others are marine ; 
Hiid tlie former present themselves freijiiently in eerbiin ‘ infusorifd 
cartlis.’ 

Oi the iitembers of the sub-family >'>ckhomme(f’, consisting of 
those in wliicli the frustules are united by a gelatinous 

envelope, some arc remarkable for the great external resemblance 
they hear to acknowledged algfe. This is especially the ease witli 
tile genus Schizonevmf in whieh the gehitinous envelojie forms a. 
regular tubular frond, more or less b)*anched, and of nearly eipia! 
diameter throughout, within whicli the frustules lie either in single 
le or without any definite ari'angement (fig. all these frustules 
ifu mg arisen from the binary division of one individual. In the 
^ yfouthlif Microscopical Joarnnl^ vol. vi., ISTl, p. 71. 
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o-enus Maxiogloio^ which is spechilly cUstingviished by tin- 

annulus furnished with interml cost® projecting intotliec-uiryuf 

thefrnstule, each frustule is sepu'ately supported on a getifun.us 
cushion 465, B), which may itself be either borne on a brnr.. 
stipe (A), cr may be aggregated with others into an indefinite nniNs 
(fig. 466).’ The careful study of these composite forms is a ijiisttei- 
of great importance, since it enables ns to bring into compansi.n 
with each other great numbers of frustiiles which have imqviesti.-imblv 
a common descent, and which must therefore be accounted^ as of tlu* 
same species, and thus to obtain an idea of the range of vannllo,, 
prevailnnr in this group, without a knowledge of which .si)ecifu defi- 
nition is altogether unsafe. Of the very strongly marked varieties 
wdiich may occur within the limits of a single species, we have an 



Fig. AGi.Srhizonema &}'ecilln ; A, 
diameters ; C, filament magnified 


natural size ; B, portion magnified live 
too diameters ; D, single frustule. 


ex=unple. in the valves C. I>, E, F (fig. 465), 'yPf 

ao as to the eoermous nunvber 3,i vaia.' 

teraatic treatises a,re loaded, is a puvsa t of ^ e ^ 

tliau the muUipbmtion of species b> i„ „aidv 

differences as may be pvespited by forms ' ri,,,,.',! 

explored localities; such diftcrences ^ ^ i-esult 

out being, lu-obably, ni a large iuflae.ues 

multiplication of some one foi m, which, the ordiiidrv tvpe. 

tliat we do not yet understand, has - ,ied‘ out 

The more faithfully and comprehensively this stiuli 
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(iepartnient of natural liir^tory, the more does it prove that the 
I'iinifo of variation is far greater than had l)eeii previously imugiiuai ; 
jiiaf this is especially likely to be the ease with such huinble 
nvcjnusms as those we have been eonsideringj since they arc obviously 
iiiove influenced than those of higher ty[)es by the conditions \inder 
wliiih they are developed ; whilst, fnuii the very wide geogi-ajihical 
lange through which the siime forms are dillused, they are subjt^ct 
to very great diversities of such conditions, 

The general habits of this nicst interesting group ciinn(A be 
bettor stated than in the wf)rds of Mr. AV. Smith ‘ The 

Fiu 



t k;. 4()3.— SmifJtii ‘ A, eutive stipe; B, frnstiile in its gelatinous 
envelope; C-F, dilfercnt forms of fvustule as seen in side view; U, front view 
^ H, friistule undergoing subdivision. 

Fi<i. iCtQ.—Maatof/loia lanceolato. 


lh((iohm,Ht’ inhabit the sea or fresh water ; but the species pecidiar 
to the one are never found in a living shde in the other locality; 
dtough tliere are some which prefer a modiumofa mixed nature, ami 
-lie oidy to be met with in water more or less bracki.^li. The latter are 
nfteii found in gi’eat abundance and variety in districts occasionally 
subject to luarine influences^ Mich as marshes in the neighbourhood 
I'l Uie sea, or the deltas of rivers, where, on the occurrence of liigli 
tiiles, thf; freshness of the water is ;i fleeted by jici'colation from tdie 
ndjoiniiig stimm, or more directly by the occasional overflow of its 
lauks. Other favourite habitats of the D'mtomamv are stones of 
t'launtaiii streams or waterfalls, and the sliallow pools left by the 
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retiring tide iit the moutlis of our larger rivers. They are int j ,, 
ever, confined to the localities I have mentioned— they arc. iii (■ . 
most ubiquitous, and there is hardly a roadside ditch, water -tt( nr V 
or cistern, which will not reward a search and furnish 
of the tribe.’ Such is their ahundance in some rivers and esfu-ii 
that their iiiultiplicatiou is affirmed by Professor Ehvenbertr to 
exercised an important influence in blocking up harbours ni)] 
diminishing the depth of channels ! Of their extraordiinry ahnudji ix-,. 
in certain parts of the wean the best evidence is afibrded hv tin- 
observations of tSir J. ]). Hooker upon the /^?««w}utcefcof thesoiithen'i 
seas ; for within the Antarctic Circle they are rendered peculi.-iih- 
conspicuous by becoming enclosed in the newly formed ice, ajid l,V 



Fu>. 467.— Diatom aceie, Ac., from Oran; d, a, n, CfwddJtJiV'O-; 'j. k ii. 
A<finocijrht.s; v, Dicijochija /hula ; (?, Lithaslt'riscus rndtafiUii r, SjioiujuUfhU 
acicularis; /, /, (irammuiopJtora j^arallda {fideviewj; y, y, (Inniuiiatiph'-M 
auyalosa (front view). 

being washed up inmyriatls by tire sea on to the ‘ pack ’ and ’beig.s 
everywhei'e staining tire wliite ice and snow a pale othreons bwavii. 
A deposit of mud, chiefly consisting of the siliceous valves oiblda- 
macece, not less than 400 miles long and 120 miles broad, was foinnl 
at a depth of between 200 and 400 feet on the flanks of Victoria hunl 
in 70'’ semth latitude. (,)f the thickness of this deposit no eoujectiiiy 
could Ire formed ; but that it must be continually increasing is tvi- 
dent, the silex of which it is in a great measure conqrosed heing 
indestructible. A firet of peculiar* interest in connection wiili 
tills deposit is its extension over the submarine flanks <4’ Blount 
Erebus, an active volcano of 12,400 feet elevation, since a coinimi 
nication between the ocean waters and the bowels of a volcano, sucli 
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there srre other reasons for believing to be occasionally formed. 
*^vonhl ac'count tor the presence of iJuUoinacefH in A'oloinic ashes 
.jjjil pumice whicli was discovered by Professor Ehrenberg. It is 
iv'iuiirked by Sir J. 1). Hooker that the universal presence of this 
juiciost^opic vegetation throughout the South Polar Ocean is a. most 
iHiportant feature, since there is a marked deficiency in tins 
vco-ion of higher forms of vegetation ; and were it not for tliem, tliei e 
would neither he food for aquatic animals, nor (if it wei-e possible 
fhi- these to maintiiin themselves by preying on one another) could 
the ocean waters be purified of the carbonic acid winch animal 
resiiimtionand decomposition would be contiiuudly impartingto tbem. 



Fr(i, 40S.— Fo!5sil Diatomaceje, Ac., from Mounie Mountiiin;;, Ireland: 0 . a. «, 
OatlloneUu [Mcloiiim) proccro and G. (/rauiilatu ; (L <?, (/, G.hi^friatd i>ide viewi : 
l>, b, Surin-Ua pUcota; c, S. rraticuUr, A', S- r(th'dv)iicu\ r, Gk wicaof 
;/r(u:ih'\ t\ Cwfvmma fmidiiiui ] y, Tahidhtriti cult/nris’, )t, Finmilarin 
dnctljiHn i, r, Hubiliti) J^Sifiti'dra ul/ui. 


It is ititcresting to observe that some species of marine diatoijis aiv 
famd tlu'ongh every degree of latitmle between Spilzbevgen and 
^ ictoria Hind, whilst others seem limited to particular regions. One 
<d the most singular instances of the preserv ation of diat.nniacemis 
laniis is their existence in guano, into which they must have passed 
horn the intestinal ctinals of the birds of wlmse accumulated excre- 
iiuait, that substance is coiiqmsed, those Ihrds having received them, it 
is ])r(il)able. from shell-fish, to which these miiinte organisms serve 
;‘s ordinary food, 

Tile imlestructible nature of the silicified casings of Diatoma-cm 
lias also served to perpetuate their presence in numerous localities 
bom whicl) their living forms have long since dis;\ppeai‘ed : for the 
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{lociimulation of sediment formed by their successive prodni-tier, 
deiith. even on the bed ot the ocenu or on the bottoms ol 
wjiter lakes, gives rise to <leposits wliieh may attain cohmiI, , ni,]^ 
thickness, and which, by subsequent changes of level. ni:^y t., 
tbiin part of the dryland. Tims very extensive siliceous 
consisting almost entirely of marine Diaiomamf'., are found to .dter- 
nate, ill the neighbourhood of the Mediterranean, witli (‘alcaiv ms 
strata chiefly formed of F<ymmhiifera, the whole series being ilu^ 
representetive of the chalk formation of Northern Europe, in n iiidi 
the silex that was probably deposited at first in thi.s form hsis umUi-, 
gone conversion into flint, by agencies hereatter to be c )n>id.‘i ed. 
Of tlie diatoniaceoiis composition of these strabi we ha\ e a chitmclrr- 
istic example in fig. 167, which represents the fossil Dlutonvu':,^. i,f 
Oran in Al^^eria. The so-called ‘infusorial earth ’ of Rkhni md in 
Vh-o-inia^ and also that of Bermuda, both marine deposits, arc scry 
i-clebrated among microscopists for the number and lieauty nf the 
forms they have yielded ; the former eonstitute.sa stratum oi‘eigiitccii 
feet in thickness'', underlying the whole inty, and extending over an 
area whose limits are not known. Several deposits of more limilcd 
extent, and appai'eutly of fresh- water origin, ha ve lieen foumlin mn> 
itwn islands ; as, for instance, at Dolgelly in North Wales, at Sourh 
Mourne in licdand (fig. 468), and in the island of Mull in Seotlaud 
Similar deposits in Sweden and Norway are known under the uaiiie 
iif BmfmeM, or mountain-flour; and in time.s (if scarcity the iiilia 
bitantsof those countries are a(a-u.stomed to mix these .sulistantrs 
with their dough in making liread. Tliis has been sup[iosed incvclv 
t(. have the effe-et of giving increased bulk to tlieir kiaves, so .as to 
render the really nutritive portion more satisfying; hut a^ tlic 
IWqnipU has been found to lose from a (piarter to a t ldrd nf its 
wei'^ht bv exposure to a red heat, there seems a strong probability 
that it contains organic mattei- (mough to render it nutritioiis ni 
itself M'hen thus occurring in strata r»f a fossil or .sub-iossil 
rharactei'. the diatomaceoiis de|>osits are generally distinguisliablc as 
white or cream-coloured powders of extreme fineness. 

For collecting fresh J)iatomacp(ti those genei-al methods are to I'O 
Imd recourse to which Imu'e been already described. * riuar living 
masses,’ savs Mr. W. Smith, ‘ present tliemselves as coloured hinges 
attached to larger plants, or forming a covering to stmies or rocks 
in cnshion-like'tiias-or spread over their surface as delicate velut- 
or deiKisiting themselves as a, tilmy stratum on the mud, or inhi- 
mixed with the scum ofli^'iug or decayed vegetatum tbwitmguii > le 
surface of tlie water, ddieir colour is usually a yellowish-brow n o . 
.n-eater (or le.s.s intensity, varying from alight cla‘stnut in 
specimens to a shade almost approaching black 'Ip ' ,, 

ma.s.ses. Their jiresence may often be detected nntbm.t P. . 

microscope, by the absence, in many spiaues, of the pj .,1 

which distinguishes other in 

position, the V become distributed thi-ough the water, ^ 

Lpension liy it, only subsidiiig after some btth^ Ic u 1-^ 

Notwithstanding every care, tlie collected sia-eimei s an i. b 
mixed with much foreign matter ; this may l>e pari Iv gol 
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, VI, fated washings in pure water, and by taking advantage, wt the 
same time, of the different specific gi'avities of the diatoms find of 
tilt* intermixed substances, to secure their separation. Sand, being 
tlie lioaviest, will subside first ; fine particles of mud, on the other 
haiul, will float after the diatoms have subsiiled. Tlie tendency of 
livhitt diatoms to make tlieii' way towards the liglit will aiib] d much 
assistance in procuring the free fonns in a tolemhly clean state ; foi- 
if tlie gathering which contains tliem be left undisturbed for a suffi- 
(-ient length of time in a shallow vessel exposed to the sunlight, thev 
aiiiy be skimmed from the surface, Alarine forms must he looked 
f,)!' upon seaweeds, and in the fine mud or Siuul of soumlings or 
dredgings; they are frequently found also, in considerable numtiers, 
jji the stomachs of Holothurife, Ascidians, and SaJpje, in those of the 
uvster, scallop, whelk, and otlier tesbiceoiis molluscs, in those of the 
evab and lobster, and other Crustacea, and even in tliose of the sole, 
turbot, and other flat-fish. In fact, the diatom eollectoi' will do 
well to examine the digestive cavity of au;j small uqimtic animals 
tint may tall in his way, rare and beautiful foj'jns having been 
obtained from the interior of }^oct'dum. The se]nvatinn of tlie 
diatoms from the other contents of thes<^ stomachs must he ac(‘oni- 
plislied by the same process as that Ijy A\ hich they are obtained 
from guano or the c'alcareous ‘infusorial earths/ Cf this the 
following are the most essential particulars : fl'he guano or earth is 
first to be washed several times in pure water, which should be well 
stirred, and the sediment then allowed to subside for sonu* lanirs 
hcfoi-ethe water is poured oft‘; since, if it be dei-anted too soon, it 
liny carry the lighter foiaiis away with it, f3ome kinds of earth 
have so little impurity that one washing suflices ; but in any ease it 
is to be continued so long as the water remains coloured. Tlie 
deposit is then to he treated, in a flask or test-tiihe. witli hvdro- 
diloric acid, and, after the first effervescence is ovi'r. a gentle 
heat may he applied. As soon as tlie action has ceased, and time 
Ins been given for the sediment to subside, the acid slundd tie 
poured ofi'and another portion added : and tliis should be repeated 
as often as any effect is produced. When hydrochloric acid ceases 
t<i art. strong nitric acid should he sul)stituted ; and after the first 
'■fferyeseence is over, a continued heat of about '200® F. sliould be 
applied for some hours. When Mitticient time has been given fiu' 
Mibsidence, the acid may be poured oft" and the sediment treated witli 
anotlier portion ; and tins is to tie repeated until no fnitlier action 
takes place. The sediment is then to he washed until all ti-are of 
the acid is removed ; and, if there have been no admixture of siliceous 
>!m‘l in the eaitb or guano, tJiis sediment will consist almost (ait i rely 
"1 lyMtomumf'., with the addition, }iei'liaps, of sponge-spicuics. Tlie 
■'''pa ration ol siliceous sand and the subdivision of the entire aggre- 
gitc (if diatoms into the larger and the liiiei- kinds, may he aetaan- 
lilidied by Stirling the sediment in a tall jar of water, and tlieii. 
"hi e it is still in motion, pouring off the .supernatant fluid as soon 
“^ihc coarser particles liave subsided ; tliis fluid should be set aside, 
:uiil. as soon as a finer sediment has subsided, it slioidd again be 
V'Hiivd off; and thi.s jiroee.ss may be i’ejK>ated tliree or four times at 
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inev»i.%iTig intei-Mils, until no fui-ther sediment subsnles sfi,., ,i,, 
lapse of half an hour. The first sediment will pixiliably contain all 
the sandy particles, with, perliaps, some of the largest diat„i,i>. 
which may bo picked out from among them ; and the subs,., |,ien, 
sediments will consist almost exclusively of diatoms, the siz,-, „f 
\vl\ich will be ise graduateil that the earliest sediments may Vj*. 
examined with the lower powers, the next with medium powm-s. 
while the latest will require the Idghest powers-a separatimmvlm.l, 
is attended with great convenience^ It sometimes happens tliat 
fossilised diatoms are so strongly united to eaeh other by sdK•eou^ 
cement as not to be separable by ordinary methods; in tins case. 
sma,]numps of the deposit shonld be boiled for a short iimem;, 
weak alkaline solution, which will act upon this cement more rendilv 
than on the siliceous frustules ; and as soon as the lump is softened, 
so as to crumble to mud, this must be immediately washed m a lurge 
oiiantitv of water, and then treated in the usual way. it veiy 
weak alkaline solution docs not answer the pnijoso, a stronger one 
uiay then be tried. This method, devised by Professor bailer. ]u,s 
been practised by him with much success ui prions (‘ases; 

The mode of mounting specimens of Dmiomaceoi will ilcpeinl 
upon the pill-pose which they are intended to serve If they Iv 
obtained quite fresh, and if it be desired that they .should exliibii. 
closely a.s possible, the appearance presented by the luiiig 
thev sl.ould be put up in aqueous media within cemeiiy-el s; b,,i ,1 
they are not thus mounted within a short time after they lave Wi, 
nitLi-ed, about a tenth part of alcohol should he added to t ieMatei-, 

Tf it be desired to exhibit the stipitate forms in then- natural |x,.rt,e,. 

ailherent to other aquatic plants, the entire mass omy ly mom. e 
in Deane’s mcdimii or in glycerin jel'y, m a^ deeper cell , an xudi 
preim-ation is a very beautiful object for the hackgrouml illniiinia- 
tion If on the other liaiid, the mimite structiirtyif the sili.cain 

ol»jectives of very large aFcturc are requiied, ami all ^ 

1 Asomewhatmorecomplioaterl method of 

method above will answoF evt. 

other methods of cleaning and 

Microiic. iicience, vol. vu. IBoU, Hw, 

Microsc. Soc. vol. xi. n.s. 1868, p. 4. _A utt , Uoniitino 

matter. 
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juent> wliich have recently been introducerl in the construction and 
mode of using the sub-stage coinlenser require to be put into prac- 
tice. But to those who have the time, the will, and the appliances, 
tiuo-e is a fine held now open for working, to a far higher point than 
wi- liave touched at present, the true strncture of such diatoms as 
call lie made amenable to the powers possessed by our liest recent 
(iptical appliances ; and for the leisure of a professional or commercial 
mail we kno^v of no more suitable and attractive emplo}oiieut for the 
microsi'ope. It will often be convenient to moinit certain particnlai* 
forms of Dlatomaceid separately from the general nggi’egate ; but, on 
account of their minuteness, they cannot be selected and removed 
hv tlie usual means. The larger forms, which may be readily distin- 
guished under a simple microscope, may be taken uji by a caniel's- 
hair pencil which has been so trimmed as to leave two or three hairs 
piojectiiig beyond the rest. But the smaller can only be dealt with 
hv a single fine bristle or stout sable-hair, wliich may be inserted 
iiito the cleft end of a slender wooden handle ; and if the bristle or 
hair should be split at its extremity in a brush-like manner it will 
he p:u‘ticularly useful. (Such split hairs may always be found in a 
sliavinghrush which has been for some time In use; those should be 
seloeteil which have their split portions so closely in contact that 
rhev appear single until touched at their ends.) When tlie split 
extremity of such a hair touches the gla.ss slide, its parts separate 
from eacli other to an amount proportionate to the pressure ; and, on 
heiiig brought up to the object, first pushed to the eilge of the fiuid 
nil tlio slide, may generally be made to seize it. A very experiemmd 
American diatomist, Professor Hamilton Jriinitli, .stronglv recom- 
mends a Ihread of glass draw'n out to capillary fineness and fiexi- 
tiility, i>y which (he say.s) the most delicate diatom may be safely 
taken up, and deposited upon a slide damped by the Imeatli. For 
iltc selection and transference of diatoms under the coniponml 
microscope, recourse may be had to some of the forms of AoecJianical 
liiigcv’ which have been devised by Anieidcau diatnmists.‘ 

PhaeosporeSB. — The gi-eater number of the seaweeds exliibit a 
liighcr type of organisation than any tliat has hitherto been described. 
Iltc old classification of seaweeds inf o Mdanosjurm^^ Rhodosporeo' , 
iitid Rkhrospormi^ according as their colouring matter is olive-brown, 
ml, or green, cannot altogether be retained. Under the head of 
Iditf'mpo'i'coi are now included a very large number of the livowii and 
"livc-bcmvn seaweeds, in ascending this series we sliall liave to 
iidtice a {jmhud differmtkithn of organs, those sot apart for reprn- 
hiction being in the first place separated from those appropriated 

' ^ itescriptioii of tliose of Prof. Hfirailton Sniith and Di-. Rc/.ner, see Joiirn. 

Jitiij. Mimm. Soc. vol. ii. 1879, ix 951, and that of Air. ^'ee^ler, vol. hi. 1880, 
i>' (00, of the same Joiumal. 

A ven large r umber of obscrvatiims liave been made during recent years by 
HUtraeaiie, 0. Miiller, Lauterborn, (,'oinber, ATurray, Aliqnel, and others, on the 
diatom-valve, on tlie various modes of reproduction, and on the 
accompanying their apparently spontaneous powers of motion, and 
mill schemes of classification of the genera have been proposed. On those, too 
diom mention here, and some, of whioli still retiuire confirmation, tlie reader 
^ successive volumes of the Jountal of the lioipd Mio'oscopical 
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to nutrition ; while the princijml parts of the i^itritive appat/ttiK 
u'hieli are at first so blended into a uniform expansion or dnlir. 
that no real distinction exists between mot, stem, and le.it - ^ 
jirogi'essiveiy evolvetl on types more and more j)eculiar to 
respectively, and have their functions more and more limitpfl j,, 
themselves alone. Hence we find a ‘ diflerentiation,' not luerelv in 
the external form of organs, hut also in their internal structnrr. its 
degree bearing a close correspondence to the degree in which tlieir 
functions are resi^ectively specialised or limited to partici\lar actions 
Rut this takes place by very slow gradations, a change of external 
form often showing itself before there is any decided tUffereuluiTion 
eitlier it^ structure or function. Thus in the simple what 

ever may be the extent of the thallus, every part has exactly tla* 
same structure, and performs the same action.^, as ever}’ otiu’v part, 
living /or and hf/ itself alone. Ami though, when we pass ta flu. 
higher searveeds, such ivs the common Fucus and Lamlmiyia. we 
obseiwe a certain foreshadowing of the distinction betweeji roof, 
stem, and leaf, this distinction is very imperfectly carried out. rlie 
l oot-llke and stem -like ])ortions serving for little else than tlii' 
mechanical attachment of the leaf-like part of the plant, Thciv i^ 
not yet any departure from the simple celhUar type of stnictniv, 
the only modification being that the several layers of cells, wherr 
many exist, are of difierent sizes and shapes, tlLc texture lieiiii; 
usually closer on the exterior and looser within, and that the tex 
ture of the stem and roots is denser than that of the leafdikc expan- 
sions or fronds. The, cells of the Phceosporecc contain a suhstauce 
closely resembling starch, and an olive-brown pigment, xvhich tliev 
.vhare with the Fncacew,^ knowm ^LSij^hyco phnn c>v fnco-xanihiii. T]|^^ 
gi’oup of olive- green seaw’eeds presents us with the lowest hpe in 
the lamily Edocarpaceie^ which, notwithstanding, contains some of tli»' 
most elegant structures that are anywhere to be found in the 
the full beauty of which can only be discerned by tlm, uiicinscojif, 
Such i.s the ense, for example, with Ephacelaria, a small and delicatt' 
seaweed, which is very comuionly found growing upon larger iiliiiv. 
either near loxv-w’ater mark or altogether submerged, its gciieiai 
form being remarkably characterised by asymmetry that extemU nisi 

to the individual branches, the ends of winch, however, b:i\e !i 
decayed look. The apical ceil of each branch is uucoiticated, aiul 
frequently develops into a hollow chamber of coiisiderablo siiic. 
termed a spkacele, and filled, when young, with a dark imicilagiiKuts 
substance which, at a later stage, becomes vs'aterv. The 
riacein are pro^iagated in a non -sexual inauiier by {peculiar htuh or 
gemmse kiiuwm as propaguks. 

The ordinar}’ mode of jiropagation of tbe Fkmporea is Ity wu- 
sexual zobspres ; and these are of two kinds, produced rei'jiectiveh m 
unilocular and multilocular zobsporanges. The fonuev are coiaptua- 
tively laige, nearly spherical, ovoid or pear-shaped cells, the conteii^ 
of which break up into a large number of zoospores. The 
loculai' zobsporanges hav e the appearance of jointed 
divided iutevimlly into a number of chamliers, each ol ' 

birth to a single zoospore. The zobs|X)i‘es from tlic unu^iu. 
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,r-niges appear m all cases to gemiinate directly, while those from 
the inidtilocular sporanges sometimes coalesce in pairs before ger- 
minating. The different families of PhmsporeK present a most 
jutelesting gradual transition fi*om the conjugation of swarm-cells 
to the impregnation of a female ‘ oospliei'o ’ t)y male antheixizoids. 
In Ectocarpits, Giraudia^ and Scytosiphon, conjugation takes plaee 
iK-twecn swarm-cells from the multilocidar sporanges which appear 
to be exactly alike, but a slight differentiation is exhibited in one of 
tliem coining to I'est and partially losing its cilia before conjugation 
takes place (fig. 469, TT). Male sexual organs also occur in the 
Sphmhriacea^^, but no actual process of conjugation has as yet been 
obsei'ved. In CiUleria and Zatuir- 

dUia the differentiation is moi-e 1 J i ( i 

complete. The male and female 1 ; S i ^ 

swanii-cclls are produced either on \ C £ a ^ 

the same or on different indmduals; U H \ / 

tlie latter are much larger than tlu; « ▼ \ I \ k 

foimer, and come perfectly to rest, ] / ip. d |lf 

<aitirely losing their cilia before j 

I icing impregnated by the former. ^ 

Jti Dictyoia the differentiation is 

carried still further, and the 

female reproductive bodies are true 

• oosphere.s,’ being from the fii*st 

motionless masses of protoplasm not ■ J 

jiroviHed with cilia, while the an- 1 

therozoids exhibit motility only for k ' ^ 1 \ X ^ 

;i \eiy short time, and each is pro- H 1 

vided only with a single cilium of I ^ lilt 1 

unusual length. In the family k M A A WS 

Utminanacea', belonging to tlie H W H 

Phmspovpir., are included many of 

the largest of the seaweeds, cbieflv , . 

of sonthern .sea., the frond STfIw 

(ifteii attaining enormous dinieu- Vines’s ‘ Physiology.’) I. the 

sions, and exhibiting midi in entail’ female zoiispore coining to rest ; 

.Uffeoeuliation into " rhizokls „v " SUS''! 

orgairs of attachment, stem, and ULo-p, fusion of male and female 

leaves. Hiich arc Lessonia, which zoospores, 


Fig. 469.— Process of conjugation 
mErtocarpus siliculosns. (From 
Vines’s ‘ Physiology.’) I. a-/\ the 
female zoiispore coining to rest ; 
il., the female zoiispore at rest, 
surrounded by male zob'spores ; 
Ill-o-e, fusion of male and female 


grows to a great height and I'e- 

semtiles a branching tree with pemleiit leaves two or tliree feet 
Iciig ; Miwronjftth^ where the stalk-like base of each hrancli of the 
leaf is liollowed out into a large pear-shat>ed air-bladder ; A ei'eocystis, 
Uiiiitifiyia, and others. 

In the Fucaceae the generative appiratus is contained in the 
globular ‘ coiieeptacles,’ which are usually sunk in the tissue near the 
extremities Ilf the froiid.s. In some species, as } m,hs plaiycarpU'S^ 
die same coneeptacles contain both ‘antherids' and ‘oogones; in 
otliers lliese two sexual elements are disposed in different conceptaeles 
oil the same plant ; wdiilst in the commonest of all, A . rtsicidosm 
(Madder-wrack), thev are limited to different individuals. M hen a 
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section is matle through one of the flattened conceptacles of F. pi-a, 
carpm, its interior is seen to be a nearly globular awity (fitj .['(i 
lined with hairs, some of which arc greatly elongated, so ;i. t' 
project through the pore by which the cavity opens on the Mirt'jn',! 
Among these are to be distinguished, towards the podod oL‘ rliejj'. 
maturity, certain filaments (fig. 471 , A), the anthmih^ 
granular contents acquire an orange hue, and gvadnallv sji;,,,,, 
themselves into oval bodies (E), each with an orange-colouved snot 
and two vibratile cilia of unequal length, placed laterallv. whif]) 
vN’hen discharged by the rupture of tlie containing eelh have fuv 

time a rapid, iuuIuIutoi v 
motion whereby thesfi 
antlwrozokh are dilVuse,! 
through the suvroiiii.)- 
ing liquid. Lying aiuiflst 
the mass of hairs, near 
tlie walls of ilie covitv. 
are seen (fig. 470) 
numerous darh j, oar- 
shaped bodies, wliich aiv 
the Goyo/jc-s*, <,)r paiTnT 
cells ot tlie oosphpft'i. 
Each oi these oipgoiirs 
gives, origin, by biuaiv 
subdivision, to a oluqoi' 
of eight ‘geruvcolls'iiv 
obspheres; ami these 
are liberated from tlieiv 
envelopes before tlm Jut 
of fevtilis;itioii takes 
' place. Tliis act con>i>Ts 
in tl\e swarming of tlip 
antheroxohls over tiif 
surface of the oiispjieres, 
to wliich they <'0iumiu)i- 
cate a rotatory nu'tion 
I ty the vibration of their 
own cilia. juthe hen!i- 

Fio. 470.— \ ertical section of conceptaele of Pucufi aplirodite /'^acithistiikes 
lined with filaments, amontr which lie i u phhi fluwoi)- 
the antheridial cells and the odgoncs containing Phtce Uitlun Tla ( 
odspheres. cepbicies, so that lin* 

obspheres do not make 

their exit from the cavity until after they liave been fecnmhittd: 
hut in the monoecious and dicecions species each kind of coiicejitadr 
.sepai-ately discharges its contents, wliich come into contact on titcii' 
exterior. The antheridial cells are usually ejected entire. Imt soon 
rupture so ns to give exit to the antherozoids ; and the ougoiics ;[{>'■> 
discharge their obspheres, which, meeting with anthevoznids. an* 
fecundated by them. The fertilised oofspores soon ncquiiv a new ainl 
firm envelope ; and, umler favourable circumstaiu-es. they sj'ctdiiy 
begin to develop themselves into new plants, The first chang' 
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tht' projection and narrowing of one end into a kind of foot-stalk, 
Pv winch the oospore attaches itself, its form passing from the 
titular to the pear-shaped ; a partition is speedily obsen-able in its 
pitorior, its single cell being subdivided into two ; and by a con- 
tinuation of a like process of bipartition, first a filament and then 
;i fionclose expansion is produced, which gradually evolves itself 
into the likeness of the parent plant. 

The whole of this process may he watched without difficulty by 
(il)tnining specimens of F. vesimlosm at the period at which the 
tVuctitication is shown to be mature by the recent discharge of the 
contents of the conceptacles in little gelatinous masses outside their 
orifices ; for if some of the oosphei’es which have been set fi-ee from 
the olive-green (female) conceptacles be placed in a drop of sea- 
water in a very shallow cell, and a small quantity of the mass of 



Fio. 471,— Anfcherids and untheiozoids of Fucn^ ;plaf tjcarpm : A, branching 
articnliited hairs; detached from the walls of the Gonceptacle, bearing antherids in 
different stages of development ; B, antherozoids, some of them free, others still 
included in their antheiidial cells. 


iintherozoids, set free from the orange-yellow (male) conceptacles, 
lie mingled witjh the fluid, they will speedily be observed, with the 
nid of a magnifying power of 200 or 250 diametei's, in go through 
the actions just described ; and the sub, sequent pi’ixtesses of germi- 
nation may be watched by means of the ^ growing slide.’ ^ The 
u inter months, from December to March, are the most favourable 
'or the observation of these phenomena ; but where Fuel abound, 
'flue individuals will usually be found in fructification at almost 
'iiiy period of the year. This process of fertilisation usually takes 
piiiee on fronds exposed to the air on the wet beach between higli- 
low-water mark ; and, to assist in it, the coinparati^'ely heavy 
I'onds v'T nmiy Fumm^^ are buoyed up hy air-cavitics, which take 
^ m form of tlie well-known ‘ bladders ’ of the ‘ bladdev-wTack ’ and 

ihc nv should be used, so as to keep the pressure of the thin glass from 

Uiute bodies beneath, whose movements it will otherwise Impede, 
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otliev species of Fucus, imbedded in the frond, and the ‘ beri-it*; ’ yf 
Sargasmm hacciferum^ the ‘gulf- weed’ of the Atlantic, whioli 
elevated on pedicels above the surface of the water. The whole 
substance of the Fiimeecej including the reproductive is 

coloured brown by fuco-xanthin, the same pigment as that whidi is 
found in the Phteosporete, 

Among the Floridese, or red seaweeds, also, we find ^niioas 
simple hut most beautiful forms, which cwmect this gi'oup witli tlw 
lower algsc, especially with the family Coleochcetacete ; such dcliotU* 
feathery or leaf-like fronds belong for the most part to the tjnuilv 
some members of which are found upon every part (if 



Fig. 472.— Arrangement of telrasporefi in Carpocaulon niecJiiermurtnii : A. enthv 
plant; B, longitudinal section of spuve-beariug brancli. (N.B.— 'Where only tlirt'c 
tetraKpoies are seen, it is merely because the fourth did )iot happen to be sojdacol 
as to be seen at the same view.) 


(,)ur coasts, attaclied either to i‘ocks or stones or to huger algfW aiiil 
often themselves affording an attachment to zoophytes and polyzca. 
They chiefly live in deeper watei’ than the other seaweeds, iunl 
their richest tints are only exhibited when they gi'ow under tlie 
shade of projecting rocks or of larger dark-culuured alga'. Hemv. 
in growing them artificially in aquaria, it is requisite to protect 
them from an excess of light, since otherwise they become imhealtbv. 
Varions species of the genera Ceramiim, Gri^thsia, GaUiiFi/iuiho. 
and Ptilota aie extremely beautiful objects for low jwwers "'hen 
mounted in glycerin jelly. In many of them the plienomcnoii tn 
which we have previously jefei-red under the name of ‘ contimiity <it 
pi'otoplasm ' is very beautifully exhibited. The colour of the rc< 
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se;\>ve€‘ds is flue to the presence of a pigment known as rlmlospentiiti, 
or i)hij<io-enjihrh^ soluble in fresh watei^ winch may lie separated in 
tlio form of beautiful regular crysbils. 

The only mode of propagation which was until lecently known 
to exist in this gix)up of seaweeds is the production and liheiation 
of idvaspo^'^s (fig. 472, B), formed by two successive binary 
stibdivislons of tlie contents of special cells, which sometimes 
form paid; of the genend substance of the frond, hut sometimes 
congregate in j>aiiiculai- parts or ai-e restricted to special branches, 
if the second binary division takes place in the ^ime direction as 
the first, the tetraspores are arranged in linear series ; hut if its 



F'c, 473.— .VewflZioa mnUifidum: I, a braneli with a cavpegone, c, and pollinoids, 
•s/j ; II, III, commencement of the formation of the fructification ; lY, V, develop' 
iiiciit of the spore-cluKter ; t denotes the trichogj-ne, c the carpogone and fructifiea- 
tifin, [Fnjiii Goebel’s ‘ Outline of Classification.’ The Chuvndoii Press.) 


direction is transverse to that of the first, the four spores cluster 
together, These, w'hen .sepainted by the rupture of their envelope, 
do not com])ort themselves as zoospores ; hut, being destitute of 
propulsive organs, are passively dispersed by the motion of the sea 
itself. Their production, liowever, taking place by simple cell' 
division, and not being the result of any form of sexual conjugation, 
the tetraspores of the FlorkUw must be regarded, like tlie 
zoospores of the Ulvactw, as goituh'^ analogous rather to tlie buds 
than to the seech of liigher plants. It is now known that a true 
sexual proce.ss takes place in this gi’oup; but the sexual organs 
are not^ usually found on the pfiants which produce tetrasjiores. 
Anthcfidial cells are found, sometimes on the general surface of the 
I'ond, more commonly at the ends of hi’anches, and occasionally in 
fi'^ciai coiiceptacles. Their contents, however, are not motile 
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antherozoids, but minute rounded particles, known as poUin,,;,!^. 

‘ sperniatia,' having no power of spontaneous movement. S 
times on the same indinduals as the antherids, and sometimes oij 
different ones, are produced the female organs, which cuviuusjv 
prefigure the pistil in flowering plants. This organ is known is 
l\\Q ]>i'0ca/)'p, and consists, in its simplest form, e.g. in Porphi/ro, t]it4 
‘ pui’ple laver,’ of a single cell with a lateral hair-like appendn^re tlip 
trichogym. In the higher forms it is composed of one or liioic 
fertile cells constituting the carjtogone, and one or more sterile cells 
which make up ih^trichopfwre, and convey the fertilising suhsiancc 
from the trichogyne to the carpogone. Fertilisation is effected liv 
the attachment of one of the pollinoidsto thetrichog}Tie,thew!i]l.s/»f 
'which are absorbed at that spot, so tliat the fertilising material passe- 
domi its tube to the trichophore, and thence to the carpogone ; one 
of the cells of the carpogone contains the odsphere, whicl), ;iftei 
feidilisation, breaks up into a number of carpospores ; round tlicNC 
is frequently formed a hard investment, and this structure is thoi! 
known as a cystocarp ; fi'om it tlie carpospoi-es ultimately esenpe. 
and then germinate. In the true Corallines^ are FloruUty 

whose tissue is consolidated by calcareous deposit, not only tlic 
tetraspores, but also both kinds of sexual organ, are produced in 
cavities or coticeptacUs^ imbedded in the thailus or forming wart lilct- 
swellings ; the female conceptacle opens by a terminal orifice 01 
ostiok ; the pollinoids are furnished with wing-liko appendages, 
In a considerable miniber of the red seaweeds, as, for example, in 
Dudresnaya^ the process of fertilisation is more complex than liii.-. 
and consists of two distinct stages. First the trichogjiie is inqireg- 
uated by the pollinoids ; and secondly, the fertilising principle i^ 
then conveyed from the trichophor e-cells at the base of the tricho- 
gyiie to the cells wdiich ultimately pr oduce the carpospores, and whicii 
may be at a considerable distance from the trichogjme, even on a 
different branch. This transference is effected by means of long 
simple or branched tubes which are known as ‘ fertilising tubes.' 
The late Professor F. Schmitz held that, in the higher Floiide.v. 
thei'e are trvo acts of fertilisation, that of the pollinoid with tla^ 
trichogyne, and that of the fertilising tube with the cells which produce 
the carpospores ; but this view is not accepted by all autliontios ; 
and it is doubtful whether more than one true act of fevtiUssitiou. 
i.e. the fusion of male and female nuclei, takes place. The sexual 
mode of reproduction has, however, at present been ol)Kerved in 
comparatively few species of seaweed ; and considering the mnniiev 
of species of FlorkUtv found on our coa.sts, there is no branch ot 
microscopical observation xvhich is more likely to rewar<l the young 
investigator with new discoveries. 
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CHAPTER IX 

FUNGI 

FuNiJi, a,s already mentioned, differ essentially from alg* in the 
;ihsence of chlorophyll, and therefore in the absence of any jx)wer of 
directly foming starch or other similar substance by the mutual 
decomposition of carbonic acid and water, atwnipanied by evolution 
of oxygen. They must therefore, in all cases, be either saprophytes 
or pfmsiks, deriving their nourishment from already organised food- 
imitei'ials, either, in the former case, from decaying, animal or vege 
table substances, or, in the latter case, fix)m the living tissues of 
other plants or of animals. Fungus -parasites are the cause of most 
of the diseases to which plants, and of a large number of those to 
wiiich animals, are subject. 

• The individual fungus alway.s consists of one or more hypho\ 
slender filaments containing protoplasm and a nucleus (except possibly 
in some of the most simple fonns), but no chlnropliyll and rarely any 
pigment. Tlie cell- wall is composed of a substance differing some- 
wliat in its properties fi-om ordinary cellulose, since it is not coloured 
}>Lne by iodine after treatment with sulphniic acid ; it is known as 
fwwjm-cdlidose. These hyplue may be quite distinct or very loosely 
attached to one another ; those which penetrate the soil, or the 
tissue of the ‘ host ’ on whicli the fungus is para.sitic, constitute the 
twjcele. In the larger fungi, such as the mushroom, tlie portion 
above the soil is comjwsed of a dense mass of these hyph^e, lying 
side by side, constituting a so-called p>smih-parenchjme^ but never a 
true tissue. In some families the hyplife have a tendency to become 
agglomerated into balls of great hardness called sderotes, which have 
the power of maintaining their vitality for very long periods. The 
modes of reproduction of fungi, both sexual and non-sexual, ere 
very various. Among the latter the most common are by non- 
inotile spores or gonids^ and by zoospores. The former aie very 
minute bodies, each composed of a single cell, or less often of several 
cells, wliieli arc cither formed within a spore-casc or sparange, or 
are detached from the extremity of hyphaj by a process of pindiing 
oft or ahsirlciion. From their extreme lightness they are wafte(l 
tliriHigh the air in enormous numbers, and thus bring about the 
extraordinarily rapid spread of many fungi, s\ich as moulds. Tlu'' 
zolispores ore, like those of the Jower alga*, minute naked masses of 
protoplasm provided with one or more vibratile cilia, by means of 
wliidi they move very rapidly through water, and finally force their 
>vay into the tis, sue of the host, where the zoospore loses its cilia, 
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invests itself with a cell-wallj and proceeds to germinate. Tlji^ i., 
effected, both in the Ciise of the zoospores and in that of the ordiiini v 
spoi'es, by putting out a germimting jUaimni, which ultima telv 
develops into the new fungus plant. In a large number of fun^j 
no process of sexual reproduction is known. The various iihales 
which do occur will be de.scribed under the separate families. 

Some families of fungi are characterised by the remarkable phen,,. 
menori knowTi as alternation of gemrations. Each species occurs in 
two (or sometimes three) perfectly distinct forms, which })e:n’ uo 
reseniblance to one another, and wer-e long supposed to beluii^ to 
widely sejyai'ated fiimilies. Bach phase or ‘ genei’ation ’ ha.s its own 
mode of reproduction, hut does not reproduce its own special fonii. 
but the other or one of the other forms ; and two or thi-ee gencriuions 
are thus required to complete the cycle. Each memher of the cycle 

is, generally speiikiiig, pirasitic on a totally different plant from tin* 

‘ host ’ of the other forms. 

The classification of fungi is attended with very great difficulties, 
owing to our still imperfect acquaintance with the mode of reproduc- 
tion in several of tiie groups. The following are the more distinci 
and remarkable types : ' — 

The Myxomycete^, ilyxogasti-es, or Mycetozoa, are a group of very 
sincfular oi'ganisms, on the very confines of the animal and vegc 
taWe kingdoms, doubtfully included among the fungi, and believe<l 
by many to have a (doser affinity to the rhizopods. They appeal'., 
indeed, at one period of their life-history to have an animal, at another 
period a vegetable mode of existence. Several species are not un 
common on decayed wood, bark, heaps of <lecaying ]ea\es, ti:c. Ilie 
‘ plasmode ’ of ^Ethalinni sepUciirn, knowm as ‘ flowers of tan,’ forms 
yellow fiocculent masses in tan-pits. Tlie development of other 
species is represented in fig. 474. Commencing witli the geriniiri- 
tion of the spores, each s 2 )ore is a spherical cell (C) enclo.scd in a 
delicate membranous wall ; and when it falls into water this all 
undergoes rupture (D), and an amcebadike body (E) esca])cs froiii 

it, consisting of a little mass of protoplasm, with a round central 
nucleus enclosing a nucleole and a contractile vesicle, and hiuing 
amoeba -like movements connectexl with the protrusion an(U\ithdi;n\a 
of peculiar processes or pseudopodes. This soon elongates (I , and 
becomes pointed at one end, whence a longfagelliim is put forth, t he 
lashing action of which gives motion to the body, which may now «■ 
termed a s lea/i-m-^pore. After a time the fiagelliim dis;i ppears and tin- 
active movements of the spore cease ; but it now begins ^ 
forth and to withdraw finger-like pseudopodes, by means ot \\luch i 
creeps about like an A^ncebc/f and feeds like that i-hizopfr upon .01 
particles which it engulfs within its soft protoplasm. 

cells may multiply by bipartition to an indefinite extent , but . 
a time ‘ conjugation ’ takes place between two of the>e 
(H), their substance undergoing a complete fusion into one 

* [The clasaification of fungi here adopted is essentially that of 

Owing to the very large recent additions to our knowledge of the stuut ^ 
it has been found necessarj^ entirely to rearrange this portion of 1 • 
work.— Ei>.] 
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„om winch are jmt forth (J); and by tl,e union of, 

number of these bodies are produced the motije protopksmic W e' 
known as pksm^, the ordinary form in which these shigidar W e 
me known. These contimie to gi-ow by the ingestion and 
tioiiof the solid nutriment which they take iSto their .snwlnw 
mid, by the ramification and mosonlation of the.se entcS 
complete network is foimed. 

The filaments of ti, is network esliibit active undiilatoiy move- 



A,plaaaod» of s„p„iJb 

afi D ’it. C, ripe .rx-re of 

Wjumingiiag^ljated, and then F, Ct the swarm-spore first 

an, have fuBO(i together ajjd at 7 j of two aiuoeboids.whkh, 

a?.;“:nSTl‘viof 

™e«n to "U'lfr an ordinary lens, 

discern in the smalk'*'^\tot mioro,scopic power to 
stout mmemenu^ T ’* "“‘pModion, a com 

'iful f • ssren flowinc: the threads 

protoplasm Xnrrf t * i‘" ''‘i’"'*': "ffsl'oot* of 

'dc I'seiidopodes of L ’ ™' mf ‘ '“unnev of 

■«.;ionalli“er„ £2±* ’ " organism may bo 

y to abandon tJie support orer which it liad grown, 
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and to creep over neighbouring surfaces, thus far resembling in 
respects a colossal ramified The plosmodes are often fonmi 

to have taken up into them and enclased a great variety of foveigu 
bodies, such as the spores of fungi, parts of plants, &c. Thee iu-e 
curiously sensitive to light, and may sometimes he found to’ lij,ve 
retreated during the day to the dark side of the leaves, or info the 
recesses of the tan over which they had been growing, and figuin to 
creep out on the approach of night. Under certain conditions the 
swarm-spores may lose their power of motion and become encysted ; 
they are then known as mio'oeysts, and may remain in this restintr 
condition for a considerable time, especially if desiccate<l. If agitin 
placed in water, they return to their motile swarming state, Tlie 
plasmodes may also enter a resting state, in which they assume a wax- 
like consistence, and dry up into a brittle horny mass. They are then 
known as sderotes. In a few genera the sj)oi-es ai-e not contained in 
sporanges, but are borne on extei-nal supports or 8pm'o;ph(yres. But 
in the great majority of genera the plasmode becomes idtiiiiately 
transfonned into sporamjes (B, a, a\ 6) ; either each plasunxlc 
becomes a single sporange, or it divides into a larger m’ smallei- 
number of pieces, each of which undergoes this transfoj-matioii. 
When mature, the cavity of the sporange is either entirely fillhl 
with the very numerous s/>ores, or inmost genera tubes or threads (if 
different forms occur among the spores, and constitute the capUlitkm. 
These capilliti urn- tubes have often a spiral appearanc.e, owing t<i 
irregular thickenings of the cell- wall, and are very beautiful objects 
under the microscope. The growth of many species of MyxomucaitA 
is exceedingly rapid, going through their whole cycle of development, 
with its various phases, in the couree of a few days. 

The Chytridiacese are a group of minute microscopic fungi showing 
an affinity in some respects to the Myxoinycetes, and even t() tlu^ 
infusorial animalcules. Their ordinary mode of propagation is h\ 
7 .oosp(n-es hearing one or two cilia, which either germinate directly 
or conjugate to produce a resting-spore. They are pauisitic ()n fre.di- 
water organisms, both animal and vegetable ; and their chief iiiterc-'t 
to the microscopist is that their zoospores have apparently frequenttv 
been mistaken for antherozoids of the ‘ host.’ 

The TJstilagine® are fungi parasitic on flo wering plants, attarkiug 
the stem, leaves, and other parts, where they form brown or yelkw 
spots. They ai-e often exceedingly destructive to vegetation, cmisiiig 
the diseases of cereal crops known as bunt, smut, itc. The couise 
of development of these fungi is not yet in all cases fl(vui'atelv 
known. The mycele, consisting of slender segmented hyplae, spmif 
extensively -within the tissues of the host, and bears spores ‘ 
cither reproduce the mycele again directly, or with the iiiteivcn ion 

of so-called ‘ spo rids.’ , 

The Uredineae afford the mo.st remarkable illustration an 
fungi of the phenomenon already mentioned, that 
generations ; forms previously considered to belong to ideh ,• 

groups being now known to be stages in the cycle of de\e v 
the same species. A striking instance of this is funnsjiei ^ 
well-known and very destructive disease of wheat and otnei ^ • 
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AVii ‘ mildew,’ produced by the attacks of the parasitic; fungus 
pH'diiia It was long ago observed that wheat was 

. *l‘( iallY disease in the vicinity of barberry bushes ; 

iil'l it is* now known that a fungus parasitic on barberry leaves, for- 
lerlv known as A'cidnim herberidis^ is the ‘ jechliospore ’ generation 
(if the i^ame species of which Fuccinict yraminis is the ‘ teleutospore ’ 



I'Jc. 4771. i’dccfiiia <p'timini3. From De Bary's * Coitiparative .Morphology ami 
Biology of the Fungi.’ (The Clarendoir rresj;.l a , portion of leaf of hrrhi >'(‘s 
w'ith young lecidium; L, section through leaf containiug lecitlia: .-sy/, spermo- 
gones; a, iecidia opened; p, pevidiuiu ; 11., group of ripe teleutospores 
hnrstiiig ihrough the epiderm e iu leaf of Tritiriim repon \ teleiuospores ; 
ni., teleutospoves f, and uredospores Kr'. 1. slightly inagnified : TT. x UK'; 
HI. X 390, 

.ifcHeration. The complete cycle of development ol the l)cst known 
I. r^d'hrn-, such as the mildcAV (fig. 4 75), is this. Tlie form known as 
l'>'cciuk (imminis pvofluces tdeatosporeHy thick-walled spores, Iwnie 
"Mildly in p.iir.s. at the extremity of elongated cells known as haskls 
■'ikrkjraata. Each of these teleutospores gives rise, on germinating 
"itl'iu the tissue of the grass, to a livplia ov jrrouii/cde, the leriiiinal 
‘■ells of which develop, on slender basids, each a single s|xire or 
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spmid. These sporids will geraiiiiate only on the leaves of the har- 
berry, where they produce, first of all, a mass of interwoven hvpha* 
within the tissue, and then the peculiar reproductive bodies known 
as mcidia (fig. 476). Tho ‘ lecidhim ’ is a cup-shaped receptacle of 
bright re(i or yellow colour, which breaks through the epidenn of 
the leaf, and discharges a lai-ge inimber of cecidiospores, which arc 
pi’oduced in rows or chains springing from basids at the base ol t]\c 
receptacle. These are accompanied, often on the other surface of the 
leaf, by spermogones^ smaller spherical or flask-shai)ed receptacles, 
which also eventually break through the epiderni, and are filled with 
barren liyphsc known as parapkyses. Among these are other slirsi ter 
hyphse or ‘ sterigmata,’ from the extremities of wdiich are abstricted 
narrow ellipsoidal cells, the sj)er7)iatm. The purpose of these is 
unknown ; but they may be male elements which liave lost their 
function. The jecidiospores will geianinate only on the leaves and 
stems of gi-asses, either piaalucing the teleutospore-form directly, or 



470, JEndium tus&Uaghih : A, portion of the plant, ; B, section 

of one of the ‘ secidia ' with its spores. 


wivino- rise to a third ‘ ni'edo-form.’ This consists of filiform basids. 
each of which bears a round oval spore, the 'urechspore, which 
niinates verv rapitlly, constantly reproducing the same form. Tlio 
same mycele which produces the iiredo-form also gi^ es rise subse- 
quently to the telcutospore-form. The fungus usually hibenwtes 
and imuaiiis in a state of rest lu the tcleutospore-form. 

Of the Peronosporeae (fig. 477) some .species grow on Ihedeir 
bodies of animals and on dead plants, others are ptirasitic m tlie 
living tissues of {lowering plants, cau.sing widespread (hsea.ses, mkH 
{IS the potato-blight. On the mycele, consisting of a number ot 
tiimt septated hyphie, are ijroduced the sexual organs, oogones m 
antherids. Fertilisation is not effected by means of motile iUitien - 
zoids, }is in other clas.ses of fungi and of algse, but the antheru pii ^ 
out a cylindrical or conical tube-like process, the 
The antherids and oogones are each single enlarged cells , 

close proximity to one another; the fertilisation -tube . I 

from the part of the antlierid which is in immediate contact ''mo 
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()o<n)iie and discharges into the latter the contents of the 
therfd thus causing its protoplasmic contents or ‘oospliere’ to 
I'vAom into the impregnated ‘ oospore.’ The further history of the 
, snore is singularly different, even in different species of the same 

* ns In wmie it germinates directly into a new inycele ; in otliers 

up into a number of swaim-spoies nr zoosjiores ; each of tliese 

* ,j les to rest, and after a time germinates into a new myeele. In 




Fn.. 477.-A-G, Cytitvjpns mmUdus : H, Phijtophtiwm ni/nt(on. A Wch of 
iiivM^e {^rowing at the apex, t, with huustcma, h, between the cells of the pith ot 
Lcpidium sativum ■, B.hmiich of inycele hearing gcmids; C, D, E, fonuatioii ol 
swarm-spores from gonids; F, swanu-spores geiminating ; tr, swavm-spores 
germinating on a storaate and piercing the epiderni of the stem of a potato at 11. 
After De Bary ; magnified about 400 times. From ‘ Outlines of Classihcation and 
Special Morphology of Phuits,’ by Dr. K. Goebel. 


uildition to the sexual organs of reproduction, many species oi Peroiio- 
j^[KiVi';e also produce noii-scxual spores or yonids, wliich are borne ou 
i^l'ccial branches springing erect from the mycelc, the sporophor&s or 
ilfmidiopkores. A similar difference is exhibited in the turther 
dci clopmeut of these spores, Hither they germinate directly iri^water 
into a new mvcele, or the protoplasmic coiiteiits break up into a 
miiulier of zoospores which germinate in the same way. In those 
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snecics which are parasitic on living plants, such as PJu/ioj, /< t 
hifesiam^ which produces the potato-disease, and Cygtfjpus 
very common on cress and other crucifen)us phmts, the rapid >jiiv;nl 
of the disease is caused by the great facility with which tJic -pMics 
are disseminated by the wind ; falling on leaves in moist \vi :iT]iPr. 
tliev there germinate; the germinating tube passes tlnmiuji 
i " ga maili stomate, and the mycele is deve]o]H‘i] \\ itli 

rapidity within the tissue of tlie 
The most favourable condii ion ill 
potato-disease is snid l,v 
Professor T)e Bary to consist in nii 
1 • undue thinness of the cuticle, aecompanied 

^ ^ I ^ ve humidity, whereby the s j x 

' \® \ of the fungus will germhmte on the Miv- 

W \ plant, sending out ])roct-.ses 

^ which penetrate to its interior, tlamirli 

^ \ otherwise germinating only on eiit suv- 

I Saprolegniese are sa})i‘ 0 ])hytic m- 

\ \ parasitic fungi, nearh^ allied to the 

\ \ nospome, and differing fixnn them ehietiy 

\ \\ points : although org;ms aiv 

\ \ known in many species closely ivsein- 

\ hling the antherids rif the Pewnospoi'pir. 

\ impregnation has not actnally 

\ been observed, the oospore being, at least 

\ ^8 many cases, apparently produced par- 

thenogenetladb/, i.e, wii'hout iinpiegaa 
tiom Tn some species a single ouspore i> 
produced within t^aeh obgone ; lait more 
\'^*''***^P often the contents of the latter hi-eak up 
\ into a number of oospores, each ot which 

'oyW gives rise to a. iny(;ele, or breaks up into 
genera, e.g. Achhpf 
(fig. 478), zoospores are also prodneed ni 
very large numhevs l*v the hreaking-iip 
F 10 . 47 H.— Twozoosporapgesof ^ contents of loosporaiifjes. special 

.trfc 7 i/rt. FromCxoftbel s Out- i n r 4-1 TIu' well- 
lines of Classification luirl enlarged cells of the mycele. , , 

Special Horpholo^^’ a, still hiiown sitlinoii disease is caused^ a' 
closed; B, open to discharge .x parasitic SaproUgina J'l'a- 

thezodspores; «, zoospores aimcKs uiy t 
eieoted, but still resting; c, on the living desk ot the animal, 
zoiispores which have left MuCOrini are hlaiiieiitous lun^i. 

their membrane at 6 behind 1 -j-^vo last orders inllmiv 

then. Mngn. about 300. > ^blm, i„ 

mode of rejivoduction. To this family 
fommon moidd.s ivldch malte their appearaiioe on -'"'“1’ ,u.aiao 
ormnne substances. The ..vdinaiy mode of lum-seMiol 
is bv endogenous spores, produced within a s}><nangr (hr' 
Tlie's,) 0 rangcs are borne at tlie ends of spn-nngiophores- ■< ' V 
nnsepltedbiyphan .springing direct^ tVoin »';»> 
the original germinating filament. Se\ei.d o i 
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sexnul .spores occur in the foinily, including chhuydosjm'es, re)iro- 
diu'tive cells fomed within the ordinaiy cells of the hyplue. feiiexiial 
reproduction takes place by means of zygospores (C), but is at 
pir.-'Cnt known only in a few species. Either from ordinary liyplia* 
or from sporanginphores spring a pair of shoi*t branches,' the 
oxtreinities of which become firmly attached to one aiiotlier. These 



I'lii. niyc^'le {thi'efi lilaysi oW) of Fhi/conujces uitem, grown in a drop of 

mucilage with A decoction of plnms; the finest nunifications are omitted ; (/, tho 
eoiiidiopliore of d/i^ror n(UC(?f?o in optical longitudinal section; C, a gerininating 
zygospore of Muror mucedo ; tlie genn-tube, ^r, puts out a lateral conidiophore, g. 
Ill D are conjugating branches, h h, the extremities of winch, a a, though they have 
not yet coalesced, are already cut off by transverse walls; the 7,ygospore is formed 
^oin the coalescence of the cells a a. A, C, D, after Brefeld, greatly magnified ; 
n, I roll) nature, slightly magnified. From Goebel's ‘Outlines of Classification 
f'ld Jilpecial Jlorphology.' 

(lut gi'eatly into nii obconical form, on account of the jxtssiige 
mto tlu‘111 of a krge amount of nutrient material. A larger or 
Mtiiilloi' piece is then cut off from eacli of them i)y a transverse 
the median cell-wall which separate!^ them disappears, and the 
tcnnhial jwvtions tlius cut off coalesce to form the zygos|)ore, 

T T 
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which often swells to a considerable size, and its outer coat be- 
comes frequently beautifully covered with warts or other jurtn- 
berances. After a perio4l of rest the zygospore geminates, its 
inner coat of cellulose bursting through the outer warty and 
cuticularised e^rispoi'e, and developing into the first germinating 

filament. _ i -b x 

Yery nearly allied to the Mucorini are the Entomophthoreae, 
parasitic fungi, the mycele of which develops within the bodies (4 
living insects, espetdally caterpillars and flies, and after death 
spreads outside the body as a flocculeut felt. An example of tliis 
family of fungi is frequently presented in the destruction of the 
common house-fly by Umpttsa miisctv. In its fully developed eon 
dition the spore-beanng filaments of this plant stand out from tlie 
body of the fly like the ‘ pile ’ of velvet, and the spores tln owu i)lf 
from these in all directions form a white circle round it, as it rests 
motionless on a window-pttne. The filaments which show theni- 
selves externally are the fructification of the fungus which occupies 
the interior of the fly’s body, and this originates in tlie si)ores 
w'hich find their way into the circulating finid from without. A 
healthy fly shut up with a diseased one takes the disease from it by 
the deposit of a spire on some part of Its surface ; for this, hegiiming 
to germinate, sends out a process which finds its way into tlie 
interior, either through the breathing- pores or lietween the rings 
of the body ; and, having reached the interior aivities, it gives oft 
tlie germinating filaments which constitute the earliest stage of the 
Kmpusa. Again, it is not at all nncomnion in the West Indies to 
see individuals of a species of FoUstes (the representative of tlir 
wasp of our own country) flying about with plants ot their own 
len^h projecting from some part of their surface, the germs of 
which have probably been introduced (as in the preceding ease) 
through the breathing-pores at their sides, and have taken root in 
their substance, so as to produce a luxuriant vegetation. In time, 
however, this fungus growth spreads through the body and destroy> 
the life of the insect ; it then seems to gi-ow more rapidly, tlie 
decomposing tissue of the dead body being still more adapted llnm 
the living structure to afiord it nutriment . 

The Ascomycetes include an enormous number of species, nmsl 
of which are jm-asitic on living, or saprophytii* on decaying leaves 
many of them microscopic. The mycele alway.s consists ot branched 
and septated hyphm. In only a comparatively few species is n 
sexual mode of reproduction known ; the special character o ^ v 
m-oup i,s the non-sexual reproduction of ancos})ores within eloiigatct 
Lcs or tubes known as asci. These are commonly collected togetliei 
in masses; the collection of liyphm which give birth 
known as the hymenium, the mass of tissue enclosing or Roaring ^ 
hymenia as the receptacle or its form 

v^y gieatly in the different sections ot the foinily. fhe 
are always produced within the ascus by 
their number is almost always four or a ‘power of fmu, 
monly eight, occasionally less tlian four. 
snrrounded by enlarged cl nh- shaped or sterile hvpu, 
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uhi/ses. Ill many Ascomycetes, in addition to tlm ascospores^ 
(u'clinaiy exogenous spores or eonids are produced at the extremity 
Jsporophores or conidiophores (fig. 480, A). This is the case \^ ith 
number of moulds or mildews, of which the coinmon blue 
mould, renicillmn (jlaihcum^ may be taken as a type. The fiuniliar 
llumi of these moulds is that in which they produce these spores in 
enormous quantities ; but, under certain conditions, esjiecially when 
the supply of nutiiment is limited, the sexual imxle of reproduction 



I'c;. 4S0._Develupiiieut of EuroiiHin repens'. A, small part of a mycele with tb.e 
coiiirliopliore, o, and young ascogojics, as ; B, Llie spiral ascogoiie, as, with the 
iuitheridial branch, p ; C, the same 'ivith the filaments beginning to grow round it 
to form the wall of the sporotarp; D, a sporocarp seen from without; E, F, 
young sporocarp in optical longitudinal section; ic, parietal cells; /, the filling 
tissue (pseudo-parenchymatous) ; as, the ascogonc ; G, an ascus ; H, an aseosptux*. 
After Be Bary, A, magnified 190, the rest UOO times. 


^*‘ts up (fig, 4 go^ B-H). One of the branches of the niycole 
oiigates, anrl coils spimlly upon itself into a cork screw -like body, 
the cai4x>goiie or ascogone^ which constitutes the female organ; 

uUt another branch acts as the male organ or antherid, extending 
itse I over the spii-e and impregnating the ascogone by the ftassage of 
piotoplasiii into the latter organ. The structure thus formed 
^lyiomes enclosed in a ma.ss of sterile tissue, and within this are 
‘ta eloped the asci, each containing numerous sfioivs. wliich 

T T 2 
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vmiiiate directly into a new mycele. The enveloping tissue, to/rerbec 
with the asci, is known as the sporocarp. In a large niimbpi- (.f 
Ascoinycetes the iisci are, however, formed without any previous 
sexual procetis that has yet been detected. According to'tlie 
ture of the mature sporocarp, the Ascomycetes may be arnmir^.,] 
under three sections ; the DkcomijceUs^ in which the spovdoai-p is 
exposed, and is then known as an apothm ; the P}jmiom;!cdt‘i iii 



Fig tossrana : A, tlie hmgas as it first appears at the onfir.'es irf ■ 

.th'iivAs: B, tubular ftlaineuts bearing abort branebes, as se,eii Uve ^ u- 
wav<ls ; E,niagiiifteA view qI the same; C, D, appearance ofiilaments « ‘ 
and sixtli days; F, masses of mature spores falling of! the brancbeB.wUh 
proceeding from them. 

which the penihe.ee, is enclosed in a flask-shaped cavity ! 

nock ; and a third section, in wliich the sporoearps are eonip e i . 

" '^^hrsume Ascoinycetes a tendency is exhibited to the 
sclevotes, dense hardened masses of interwoven hypha\ 
of tlds is furnished by the structure known as ‘ ergot, the s 
-of u fuivuis of this kind, Olaviceps pmjmrea, which attaiks 
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(4n'c:ind other gi*asses. Many i^peeies of have a peonliar 

fonii known as the hotryiis form, reproduced by coiiida only, and 
believed to be altogether distinct from the Ascomycetes. Of t)^i^ 
,i;,t ore is the so-called Bot^'ytis hmiana (fig. 481 ), a kirn I of mould, the 
grcnvth of which is the real source of the disease termed mmmrdine 
wliu-b formerly carried off silkworms in large numbers, just wiien 
tlit^y were about to enter the clirys<alis state, to the great' injnrv of 
their breeders. The plant presents itself under a considerable 
variety of forms (A-F), all of which, however, are of extirmelv 
Muiple structure, consisting of elongated or rounded cells, connecteil 
in necklace-like filaments, very nearly a.s in the ordinary ‘ Ivead- 
moulds.' The spores of this fungus, floating in the air, enter tlie 
hreathing-pores which open into the tracheal system of the silk- 
worm ; they first develop themselves within tlie stir-tubes, whicli 
are soon blocked up by their growiih ; and they then extend them- 
,velve.s through the tey mass beneath the skin, oeestsioniiur the 
,le>t ruction of tins tissue, which is very important as a reservoir of 
nutriment to the animal when it is about to pas,s into its chrvsjrlis 
(‘uurlition. The disease invariably tmcasions the death of tlm'f^nib 
wliicli it attacks; but it seldom shows itself externallv uutil after- 
wards, when it rapidly shoots forth from beneath the skin, e.speciallv 
at tiie jimction of the rings of the body, Althougli it spontauei msl'v 
attacks only the larva, yet it may be communicated bv inocnlatioii 
(0 the chrysalis and the moth, as well as to the grub; and it bus 
a ho been observed to attack other lepidopterous insects. A careful 
investigation of the circumstances which favour the dovelopiueut of 
tills disease was made by Audouin, who first disco\ ere[l its real 
nature ; and he showed that its spread was favoured bv the over- 
crowding of the worms in the breeding establishments* and ixai-ti • 
cularly by the practice of throwing the bodies of sxwh as died into a 
iieap in tlie immediate neighbourhood of a living silkworm ; for tliis 
lieap speedily became covered with this kind of mould, whiidi 
found ujwn it a most congenial soil ; and it kept up a ccmtinnal 
Mipply of spores, which, being dillused through the atmosphere of 
the neighbourhood, were drawn into the breathing-pores of indi- 
viduals previously healthy. Tlie precautions obviously sug^rostod Iw 
the knowledge of the nature of the disease, thus afforded bv th*e 
microscope, having been duly put in force, its extension wassuccess- 
iidly kept down. A similar growth of difierent species of the genus 
yfr'^A bodies of certain v.iterpilliws. in Xew 

-fci and, Australia, mid China ; and being thus completely pervaded 
u a dense substance, which, when dried, has almost the'soliditv of 
"<'o lese caterpillars come to present the appearance of tivii^s. 
A that are formed by the growth of tlie flulgu^ 

^ f Chinese species is valued as a medicinal drug, 
boirie foi-ms of Ascomycetes, such as the genus Tuber Ao whieli 
nie trudie belongs, are formed completely undergroiiml 
fbi ia are now' generally reg-arded as a degraded 

siiiuhVi- the Schizomyecte.s in the 
faiiiibn^^. I - and in their ‘ zymotic ’ action, 'fhe most 
01m of this family is the iSacdummj/ces {ToruPi) cererisia;. 
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the presence of wiiich in yeast gives to it the pwer of exciting the 
alcoholic fermentation in saccbirine liquids. When a small drop „f 
veast is placed under a ma^ifying power of 400 or 500 diameteis. 
It i.s seen to consist of a large number of globukr or ovoid cells, 
averaging about of an inchin diameter, for the vno^st part 

isolated, hut sometimes connected in short series ; and each cell 
is filled^ with a nearly colourless ‘ endoplasm,’ usually exhibiting 
one or more vacuoles. When placed in a fermentable fluid con- 
taining some form of nitrogenous matter in addition to sugsu,' 
they vegetate in the manner represented in fig. 482. Each coll 
puts forth one or two projections, which seem to he young cells 
develoiied as buds or offsets from their predecessors ; these, in 
the course of a short time, become complete cells, and again |x*t - 
foviii the Siune process ; and in this manner the single cells of Yc:i>t 
develop themselves, in the course of a few hours, into rows of four, 
five or six, which remain in connection with each other whilst tW 
phiiff is still gi“owing, but which .separate if the fermenting pr(x‘css 
be checked and return to the isolated condition of tho.se whicli 
orimiiallv constituted the yeast. Thus it is that the quantity of 
ye-fst first introduced into the fermentable fluid is imiltiplied dx 


Fiu. 



48‘2 -Saccharv>nyce,s ceremm, or yeast-plant, as developed dumig the p-oce^^ 
of fermentation: a, 6, c, d, successive stages of cell -multiplication. 


times or more during the changes in which it takes purt. Un.lo 
certain conditions not yet dctermmeil, the yeast-cells multiply m 
another mode^namely, by the breaking up of the endoplasm mFi 
segments, usually four in nuinher, around eachof which a new cdl- 
wair forms itself; and the.se endogenous spores are uUunateh M-r 
free by the dis-solution of the wall of the parent cell ami soonenkign 
and comport themselves as ordinary yeast-cells. The process ol c 
formation of these .spores resembles in all es.sential |K)int^ 
formation of ascospores ; and hence Torula is regarded^ a lou 
degraded type of that order. Many other fungi of like siini^ii 
}v.L the power to act as ‘ferments;’ tms in 
fermentation of the juices of the grapes or other fruit 
going by tlie ilevclopmeiit of minute fungi whose germs liaxe - t 
on tLir skins, these germs not being injured by 
being readily transported by the atmosphere in the dried-ui > ■ 

i It appears from the researches of Pasteur that, 
minous matter (such as is contained in a Jd multiply ^ 

favours the growth and reproduction of yeast, yet that ib miiiml 

solution of pure ^ugar, containing ammonium tartrate ^ 

salts, the decomposition of the ainmoma salt osys;«H 

the production of protoplasm, while the sugar and water bupp y 
and hydrogen. 



SACCHAROMYCETES ; BASIEIOMYCETES 


Tliore is reason to believe, moi-eover, that a similar ‘ zymotic ’ action 
in;iy be excited by fungi of a higher grade in the earlier stages of 
their gi’owth, the alcoholic fenmentation being set up in a suitable 
iKjniil (such an aqueous solution of cane-sugar, with a little fruit- 
juice) by sowing in it the sjjores of any one of the ordinary moulds 
such as Penicilliim glammi, Xtwor, or AspcrgiUiis, juwided the 
temperature be kept up to blood -lieat ; and this even thougli the 
solution has been pre- 
viously heated to 284® 1 ^ 

Fiihr., a temperature U ft, 

which must kill any ' : 

germs it may itself con- ' ' Vl| i ^ 

The Basidiomycetes '! ,1 I |1 | / j 

:u-e distinguished by the >; iri i | 

entire absence, jis fai- as U I 

fungi, such as the genera 

Aejaricus, Poktita, Fohj- i 

pams,Lycoperdon, Phal- r T * /I "V 

Ills, &<;, They are sapro- ll ^ 

lihytes, obtaining their M Vj 

nourishment from the Jw / P 'f' ( 

decaying vegehrble mat- f '// j 

ter in the soil, stumps ^ I 

of trees, Ac., At., among , j f J i 

^vhich the mycele pene- ^ /7// f' j 

i<i'ates, consisting often ^ '? 

ot a dense weft of sep- ' Jj / f' 

tilted by plue, the ‘ spawn ’ ! b £ j j 

of the mnsliroom. T'lie A i ' 

aerial j-wition, known as k-^ 

the ^((,ofeorfructifi- Fr,,. m.-Agarlau c,,mpe,im, hnmiim of the 
ultion, boai>s either ex- liymenium : A and B, slightly magnified ; C, a part 
tenially, as in the case . 550 timew. The portion marked 

of the" ni l /c "’i^h fine dots is protoplasm. (From Goebel’s 

ia« (%. ‘ ClasriSMtion a„<f Sorplfology of PlanU.’) 

483), Or internally, jus 

in the case of the Lycoperdon^ or ‘ puff-ball,’ the fertile ix)i*tion 

yme,}ia]fi. On this hymenium pi-oject the extremities of special 
typhe, which are swollen into hamds; the uon-osexnal conids or 
M’Si( f»spGrfi,s are formed at the extremity of the basids, usually in 
si!!?!’ '^hich they are easily detached, and, from their small 
uic nfV readily carried through the air in gi-eat 

<» 1 les. In the HymenomycetfiSf of which the common mushroom 
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{Amriciis campestris) may l>e taken a type, the receptacle li:,.s 
form of a ttip*shaped piUus (fig. 484), raised on a stalk or 
the whole composed of a pseudo-parencUyine consisting ot ;t 
ag‘^lon\eiution of parallel hyphoe, the cortical poition of wliidi is 
slightly differentiated into an epiderm. In the family to which tlif 
mushroom belongs, the hymenium is borne at the edge of iijirrow 
gill-likc projections or lavieUfr radiating from the ai)ex ot tlu- .stipf 
on the luider side of the pileus. Among the basids are seen other 
^ cells of similar shajie ;in,| 

^ usually larger size, also tlie 

X. extremities of special hypK't. 

I ' ' *i>v \ ojstids^ the funcUon of 

\ i ' i which is obscure. Tliel»asi- 

I t h’ eolour in diftereut genera 

i ' ! ' !I They arc always unicelluliir, 

membrane coiisk.s 
coats, the endmjHn-r 
iiVilni exosporp, the former of 

whicli consists of fnng\b- 

\v cellulose, while the lutlevis 

^ more or less euticulariseil. 
^ ^ germinating the eiiclo- 

spore bursts through the 
V'''' , ] ' \ exos[>ore, and grows iiilti a 

germinating filament, from 
t !?■ ^ which is developed the inv 

celc, and on this ultinmtelv 
^ ' the receptacles. 

M ' ^ Lichens. — The mici’i' 

S scoplc study of this group 

S I has acquired a new interest 

botanist, from tlie 
remarkable discovery m- 
A nouuced in its comphtr 

r I n I Ji\ ' ' ^ form by Schwendeiier ir 

18(19 ‘ (ami now accept eil 

/ ' ' ; ’ tl ^fjl) by the highest authoritH 

tiiat instead of constituting: 
Ftg. 434.— Aiyarfcas campestria, natural size. cneeial tvpe of Tlmlle- 

lof otlSf/) ‘ rhytes, innd\ to Mr (««' 

which they corre.qjond 

their vegetative chai'acters) and dtmgi (to ■\^hich lhe\ Aie uwi 
allied in fructification), they are really to be regarded a> 
site structures, liaving an algal Imse, on which fungi une > 
themselves and live parasitically. As, however, the} i 
furnish objects of interest to the ordiimry . 

jjeculiar density of their structure rendering a^ minute e.v • ^ 
tion of it more than ordinarily difficult), nothing moie 

' See Ills memorable work Ucher die Algentijj^eu (hr Flcclihngonlid ( 
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1 iccuiiiit of their curious organisation will here be attempted 
^^‘' ^talnortioiiofa lichen belongs to one or other of the lower 
^ o’"* and consists of cells temed usually green, but 

red or bluish-green— interspersed among long cellular 
t ' The proportion between these two components of the 
varies in different examples of tlie type. Thus, in the 
wall-lichens the pilmelk-like parent cell gixjs migin. bv 
M ^ oi-dinarv proce&s of cell-division, to a single layer of ce Is, which 
■ ..,ds itself over the stony surface in a more or less cncular torin ; 
the ‘tliallns,' which increases in thickness by the formation ot 
'"■w layers anon’ its free surface, has no very ilefined limit, ami, in 
“u^wV'ience ..f the slight adhesion of its coiiiiwnents, is «'i'' 

ilvcruleiit ' But in the more complex forms <it lichens the thallns 
ilm iinlv composed of long hypliie, which .Up down into the snpeificial 
llivcis of the l>ark of the trees on which they grow, ami term by their 



Fk; 4sr» —L<’iito^in iu scotinum \ Vertical section of the gelatinous tluillus, magnified 
roo times. An ‘epideimal layer clothes the inner tissue, wliicli consist s for the mot-t 
imi't f)f formless and colourless jelly, in which the coiled strings of gonids he ; 
single larger cells of the strings (the. limiting cells) are of a higher colour ; hetweeii 
them run the slender byphse, ^ (From Goebel’s ‘ Classification.’) 


iutei'weaviiig a hard crustaceous ‘ thallns,’ in which the [lonida are 
iuiliedded, sometimes iiTCgularly, sometimes in definite hiyei's. known 
;is the (jonidial layer (fig. 48^), covered by an envelope of interlacing 
lllameiits. It is from this algal portion of tlie slmcture that the 
of lichens are formed, little pi'ojectioiis of the surface, eom- 
posc'd of single or aggregate gonkh. invested by hyplue, and klling.^ 
uheii dry, into a powder, of which every particle is capable ot 
veproduoing the plant from which it pi'oceeded. 

’Tiid fruciljicailo'noi lichens, on the other hand, is the production 
nf their fungal overgrowths, which are nourislied by the algal 
vegetation. The lichen-forming fungi, in fact, live uixui their algal 
hots, like the endophytic fungi (such as the ‘blights of corn), 
\vhich infest tjie higher forms of vegetation, each of the former 
clioosiiig iis own alga, just as the latter mostly attacli themselves to 
I'articular victims. The peculiarity in the parasitism of the lichen- 
fmigi lies in the fact that they are not attached to their host externally 
:'t uny one particular ajM)t, and do not penetrate into its cells, but 
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weave themselves i-oimcl them, and enclose them in tUeiv 
tissue. But not only this; the algal constituent of tl e lieWi, 
appears also to derive benefit from, and to he nouushed by, t|i, 
fimgus-hvphie, aCfoi-ding an example of the ^ 

aependeijce known as commemahsni or (kg. 486.) Hi,, 

fmination of sexually prixluced ‘ spores usual y takeyila co m «; 
arranged vertically in the midst of straight eloiigated .s enie cell, 
termed paraphyxel so as to form a layer that lies cither on the siufe 
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iintherids which are often specially designated ‘ spermogoiies,’ fonned 
V itliin these cavities, and, when mature, escaping in great numbers 
from their orifices. Having no jx)wer of spontaneous movement, 
tliev must probably be conveyed by the infiltration of rain-water 
to 'v trichogyne which lies imbedded in the tissue beneath ; ami 
A^hen they have impaited their fertilising influence to tlie contents 
of the ascogone at its base, these develop themselves into a sjiore- 
))eaving apothe(», tlie whole mass of spores which this contains 
jieing the product of the cell -division of the originally fertilised 
‘ oospore.’ 

The fungus-constituent of lichens belongs, in the great majority 
of Ciises, to tlie Ascomycetes, in a very few to the Basidiomycetes. 
The goiiids have been referred to a very large number of genera of 
alga;, among which may be mentioned FroiococG}ts, ChvoiicoGGm, 
Qliwcapsa^ Palindla, Scytomma^ ..Vostoc, and Chrodhpns, 

The Bacteria or Schizomycetes. — At the close of this (fliapter 
we place the Bacteria, SchiwmycpMs, or jission-famjL These micro- 
organisms have been defined as minute vegetable cells destitute of 
nuclei. In .spite of the labour which has been bestowed upon this 
group, and vast as the literature is to which it has gi^■en rise, it is 
mipossible to assign an exact and clearly definable position to what 
is at the same time a remarkable and important gi'oup ; and we 
therefore, as a matter of convenient arrangement, place them as 
pROTOPHYTES, at thc basG of the lowest Fungi, for no other, and 
tlierefoi'e for the quite insufficient reason in the main, that tliey 
contain no chlorophyll (Plate XIII). 

Tliere can l)e no donbt that some forms of the Ka(!tei’ia manifest 
altinity with the chlorophyllaceous Algte ; but the affinity is in the 
present state of our knowledge none the less indefinable, e^ en if 
ouV knowledge of the Bacteria as an entire ginup were complete 
enough to admit of a generalisation of their relations. On the 
(jtlier liand, according to Dallinger, the affinities of the Bacteria as a 
cninplete group are closer with the Flagellabi than is generally 
.'Klmitted; and whenever the saprophytic Flagellata — which are the 
iiulisijensable agents, not in the putrefactive fermentation by whidi 
infusions and gelatine masses are broken up, but by which (jreat 
masses of organic tissue are reduced — mid at the Siime time the 
Bacteria, us a whole, have been broadly anti comprehensively woi'ked 
out, it may be found that both theii' morphological and physiological 
affinities are of the closest order, It is imjx)Ssil)le to take, for 
example, such a form as Ji. Ivneola, which has an easily <iemonstrated 
ttagellate character, and reproduces in every fission a fliigelliim, 
conution to both dividing forms, which snaps at the moment of 
complete division, leaving each form \rtth a flagellum at either end 
— lierfe(‘t as the primal form whence the fission aro.se — without 
observiug how completely this coincides with tlie mode of fission in 
iialfa (lozeii saprophytic monads. But as an instiuice Cercomovas 
yipica (naiiied by Kent) may be given, ^ where the process is 
1‘lcnticiil. True, the Cervomonas has a conjugating and subsequent 
lertiug .sffige, after which swarms emerge from sjiores thus foiined. 

I Manual of the Infusoria, i. 259. 
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But it fuller knowleilge of B. llneola is cei*tainly wanting before \\( 
i-aii deny the further analog}’. 

1^0 doubt if such affinity were established, it would lead to nnuh 
l earrangeuient at the base of the organic series. 

Since there is an apimrent and highly sugge.sth c leaning of tb.* 
Bacteria to those forms of Alga? which form the group of Xostocaevo ^ 
tliese also would be brought nearei’ the Flagellata ; while the d/ytr- 
tozoa will have singular points of contact with these, one of whidi 
has reference to the mode of spoking of one at least of the flagell.ifc 
saprophytes,^ while it is suggestive that the same grouping, shouM 
the affinity be established, would involve a connection with the Alga' 
and the Fungi. 

It is only definite results leading to a comprehensive view of tlic 
morph olog}'^ of tlie Bat^eria as a whole that can render genera lisiition 
ill this matter safe. 

By the word Bacteria we mean, strictly speaking, rod-shapr'^J 
micro organisms, hut the term is now commonly used to indicate 
the whole group of fission- fungi, which includes not only rod-foroiv 
varying in leii^h but also spherical and egg-shajDeci cells. Motile 
firms, whether longer or shorter, are possessed, as a rule, of fine 
tlagcHa. The mode of multiplication commonly observed is ])y 
Jissio 7 K The products of successive fissions may remain together in 
a single filiform row loosely attached, or attached by the unbroken 
filament of the flagella, or they may at once separate from the 
primal cell. Multiplication also occurs hy processes which may be 
considered as representing fructification. 

Of the nature of this simplest cell we liave hitherto learnt 
comparatively little ; the protoplasm i.s geneially homogeneous, lint 
in some species contains starch gi’aiiules. Thus Clontridltiu 
hntyricimi gives the starch reaction with iodine. Sulphur granules 
are present in species of Begyiatoa which thrive in sidphur springs. 
Others again contain pigment. The most remarkahle of the 
coloured forms uniformly tinged I'ed was found and named by Ray 
Lankester ; ^ other forms, coloured gi'eeii by chlorophyll, have been 
described by Van Tieghem and Von Engelmann, but it is quite 
possible tliat these may be Algm, and further researches are required 
before these particular micro-organisms can lie included among 
liaeteria. 

Within the protoplasm of the Bacteria, however, no rinclei have 
hitherto been discovered, hut there is a delicate investing envelojie, 
pi'ohably a mere thickening of the outmost area of the protoplasm, 
which is often also gelatinous in its outer portions. 

Many forms of Bacteria ha^ e the pow’er of entirely free move- 
iiieiifc. Frequently this movement is coincident witli a revolution ou 
the longer axis of the rod, curved or straight, and in the va^t 
majority of cases this is directly correlated with a vortical action o! 
a front flagellum — an action which may be seen with the utdiiot 
ease, if the proper means be employed", in the case of Spiriii<'^*‘ 


^ JM.M.S, Yol, V. sev. ii. pp. 189-90, 16, V 

- Quart. Jouru, Microsc, Sci, new series, xiii. 408. 
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coluians^ and less easily, but with almost equal certainty, in the 
ijiajovity of other forms, not excluding B. termo. 

The simpUst forms in which Bacteria are found are as uolatnl 
cdh of round or ovate sluipe : these are known as Micrococci, and 
]iiust be distinguished from immature and developing nmiods of tlu^ 
sajirophj^ic group. The fission by which microf'occi multiply may 
fake place in one direction only, and if the resulting cells remain 
uttached they form diplococci. If fission again occurs in each of 
tliese cells and is repeated again and again and the resulting cells 
iriiiain atOiched, they give rise to beautiful chains, rosai-ies, or 
di'fptococci. If fission (X’curs in single (*ells in tw'o directions 
tetmcocci are formed, and if in three directions packets of eight are 
formed, or sarcuta-cocci. 

The rod-like forms are found isolated and free, or in chains. 
Formerly short rods were cjdled Bacteria, and long rods Bacilli ; 
lint as the term ha.cteria is applied to the wdiole group of fission- 
fungi, it is more usual now to avoid confusion by speaking of all rod 
forms, imlependently of their length, as bacilli, Some which are 
fusiform in appearance are known as Clostridia. 

The coiled rods or spiral forms are either (1) closely coiled, when 
tliey are knowui as Spirillum and Spirochate (more threadlike) ; or 
(2) those more openly coiled arc known as Vihriones. 

Theie are also very elomjated filiform varieties know 11 as Leplo- 
thri.c and branched forms as streptothrix. In Ber/giatoa the fila- 
iiient.s .are fixed at one extremity and stretch tlie other free in 
the surrounding fluid. 

ColiLi classified ba cteria according to tlieir shape, but Ray Lankester, 
Zripf, and others have shown that seveiul micro-organisms in their 
life-cycle exhibit successively the shapes characteristic of the orders 
of Cohn. These pleomorphic species may be illustrated by Berpjudoet 
alba. 

Ill the refuse waters discharged from foetories, especially tlie 
.'>nl]flnn'etted effluents of sewaige works, is found this form — tlie 
‘ sewage fungus ' of engineers. It may have a thickiie.ss of 5g, and 
it ma 3 "be as attenuated as to measure only Ip. It is attached in an 
erect manner to objects in the impure water it aflfeets (fig. 487) ; and 
tlie filaments consist of roAvs of cells, and in the protoplasm of these 
granules of sulphur are enclosed. The filaments readih' breakup 
into cells about as long as they are broad, and become at length 
active luit eventnidly atfocli tlieiiiselves to some object and come to 
rest, Avhen they multiply by fission and accumulate in mas.ses of 
'Mfjlmi, ‘ They may develop into rods, and these again into the 
filanient.s after the rods have passed through the swarming state/ 

Spirally twisted forms also arise in this species. Tliese break 
into coiled parts, posse.ssed of flagella, and exhibit extremely active 
iiiovement. The flagella in these are as strong and easily seen as 
in tlie Spirillmu colulans, and these forms were knOAvn at an earlier 
lieriod as Ophidomonas. 

Fig. 487 shoAvs at 1 a gi'oupof the attached filaments of Beggiatoa 
dba: *2 to 5 .sIioav portions of filaments of differing diameters; 0 
•'hows a filament in tlie act of multipartition. The small dark circles 
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throughout represent the granules of sulphur ; 6 to 8 show fragments 
rich in sulphur with transverse septation developed by treatmein 
with methyl -violet solution. In 8 the formation of cocci and spores 



Ficf, -Begghttoa alba. {From De Bary's ‘ Compamtive Morphology of Fungi- ' 

is seen ; 9 sl\ow,s the result of filaments having broken up into sjwres : 
10 shows spores in movement. 1 is magnified 540 diameters, tin' 
remainder 900 diameters. 

Figure 488 shows the growth of the curved and spiral foriu^^ 
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(if the saiiiB : A is a group of attjichetl filaments ; B to H show {x)i - 
tioiis of spiral filaments ; C, D, F, to H represent the act of (li\ision 
into smaller^ fragments but without motion ; in H tlie sepiirate 
crlls are distinctly shown ; E shows the sepaiution of a complete 
sjiirillum form possessed of flagella and capable of gi-eat activity. 

Bm^teria may be united by some interfusing gelatinous material 
ill wliich all action ceases or is of the most limited kind ; and these 
li\'iiig films, which appear on the surface or suspended in the intei’ioi' 
(if putrescent fluids, are 

known as Zooglmt', ^ o 

They may alst) be found H ^ 

on the surfaces of solid ^ | ^ ff 

iKslies, where the putre- S 9 8 

fu'tive ferment is in S ff I 

Bacteria lia\^ been C] U ^ ^ ^ 

divided into two classes, 30 fj \ 

distinguished by the Hi ® ^ 1 

formation of mdo%p(ynB H q S 

in the one and of arthro- 9 jy 

:ipores in the other. ^ ^ ^ 11 ( 

I. The mdosporous f I ^ 

forms aie those whose 
multiplication is brought ^ M n s 
;iboiit by the formation /y jj ^ ^ | 

within a cell of a minute ® ff u ^ ^ ^ 

globular oi* oval bo<l}', S J ff I 

which, while the sui'- | 1 h /7 

rounding protoplasm of n I i ff V 

the mother-cell is assimi- u B ; ff 

Irited, gindually reaches U 1 1 ? ff n 

its mature condition. U I h I Xk ^ 

Wliat it is that exactly U j R U ^ \ 

determines the act of H I H \ jv \ 
s|Kire-fonnatioii is not ^ ^9 S \ M ^ 

known, but it is probable U 1 H M ^ 

tbit free access to oxygen U 0 i /z 

constitutes an i in portjuit U \ w ^ E 

A chosen illuNtmtitm Vic. im.-B.gsU,toa alha, cun-rf a,.fl splo.! 
*a the P.lUwspovOUS Jjdc- forms. (From De Bary's ‘ Comyarutive ilorplio* 
t> i'ia is Badllus meya- logy of Fungi.’) 
thpvium. It was first 


nhserved 011 boiled cabbage leaves, and is con.sidei‘ed by l)e Bary as 
iiii ‘exceedingly instructive form.’ It is 2-5^ iu short diameter and 
‘ihout four times as long as this. It is illustrated in fig. 489. a re- 
presents a motile chain of the Bacilli in active vegetation. This is 
Jirignified 250 diameters, h two active rods magnified 000 iliameters. 
p shows the result of treating a form in the comlition 6 with an 
idcoliolic solution of iodine, c is a rod with five cells preparing to 
form spores, d to /represent successive stages of a pair of rods in 
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tlie act of forming spores, e an hour later than f?, am] 
later than e. The cells wliioli did not contain spores disapjieaivd -u- 
[>erislied. r is a qnadrieellular rod Avith ripe spores, (f is a 
oellod rod with three ripe spores placed in a nutrient solution aCtev 
t 9 y 7 ^ / several davs’ desiccation, a- th.. 

y same an hour after ; is the s;n 111 - 

S d ^ § M two hour.s and a lialf 

^ ^ M ^ m spores witli the walls nt 

® M mother-cells dried and placed in 

S /'w ^ 'll M a nutrient .solution ; /i 2 is the saim* 

^ Q) W fni-ty-live minutes later Z-, /. tliiee 

Gl ^ )Y gennination of the sp()l•l^ 

I] ^ 'zy iOi ll^ are very typical examples of endo- 

^ ^1x1 Uioteria. B. aatJmick has 

1 /■ ^0 proved to he the vims of 

' p anthrax or splenic fe^er. It is 

found ill great profusion in tlie 
^ blood and tissues of animals attacked 

Yu-, megaihenum. this disease in the form of md. 

(Fi-nm Df* Biirv s ‘Comparative ‘ t m i nniv 

Moipholo-v of Fiinoi.’ I and hlaments p 

5 ^ to 20,. in 05 „ 3 

lengtli and 1 /a to l‘2op in width (fig. 41)0). 1 ^ I 

Fig. 491 shows two filaments grown on a I tv ^ !? ' 

microscopic slide (De Bary) in a solution of I I ff 

meat extract, pai'tly in an advanced state of ^ S I 


a 

Fiii. 481), — Bdi-iUu.'^ nwgaihenum. 
(Fi-nm De Bary's ‘ Comparative 
Morpiiolo'-y f>f Fungi.’ 1 




Fio. 490.— B(ftv7^as anihmeis, x 1,200. Blood 
corpuscles and bacilli unstained ; from an inocu- 
lated mouse. (Friinkel and Pfeiffer.) 


Fm. 491,- -b Bdaih.,.< 
anthravin'i B, B. axh- 

tUis. (From Dc Bary s 
‘ Fungi.’) 


spore-fiirniation. At the upper part of the figure two ri]>e s]iores 
have e,scaped. These spores on germination elongate and give rise 
to new groups of ro<ls and filaiiients. 
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]}. suhtilis^ whicli is the Bacillus e;>ininun to decomposing hav 
iiitusion, lias a life-history extremely similar to B, anthracls. It 
Spores in precisely the same manner. Tlie outer wall of the spore 
is comparatively thick, and the protoplasm elongates in the direction 
()[ the longer axis of the spore and of the mother-cell with whicli 
this coincided. B, fig. 49 1 , represents the development of B. mhtllifi : 
1 diow.s fragment of filaments with ripe spores ; at 2 the spore is 
hoginning to germinate ; 3, the young rod is projethingfrom the wall 
of the spore ; 4 represents germ rods curved in a horseslioe shape 
and with the extremities connected, one of them having one extremity 
siihseipientiy released ; 15, germ-tubes w ith the tw’o extremities 



Fio. 192.— meamtproideff. 1, Spores^; 2, Spores after genuinatioii, 
showing gelatinous envelope ; 3, 4, 5, 6, Increase by division ; 7, Glomernlar forin 
of zodgkea; 8, Section of an old mass of iioogluea; 9, Cocci cliains with artlu’o- 
spores (Tieghem and Cienkowski). 

|■elllailling connected and already gi-eatly increased in size. Tlie wliole 
represents a magnifictitioii of 600 diameters. 

(I. Arthrospwom foniis are reproduced by tlie sejxiration of 
single members from their coiiiiBction with a group, wliicli tlieii 
give origin to new generations. These cells, apptrently not differing 
from the re.st, become larger, wdth tougher walls ai\d more refrac- 
tive, and while the rest of the group die they, having m-ijuii-ed the 
properties of sjxires, can produce a ]iew growili in anv fresh 
uminshing soil. 

A suffieiently detailed illustration of the arthi’osjmroiis Bacteria 
may be seen in Lemonostoc wpspuleroidps {fig. 492). Tin’s micro- 
organi.sm occurs occasionally in beetroot juice and tin' molasses of 
>ugiir-inakevs, forming large gclatinousma.sses resembling frog ^paw•n. 

r i; 
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Ohiiins ofcucc'i are found by microscopical examination, and souk* uf 
the cells in a chain are enhir^^ed without changing their form -.ml 
develop into typicid ar-throspores, 

Tlie Bacteria behave very variously under the same conditions 
of supply or exclusion of oxygen. The aemhia require free oxvgcu 
ill quantity, as e.g. }). s 7 tbtUis\ wliile in the anaerobic the vital 
activities are promoted by its exclusion. But there can be no doubt 
that gradual morlilicatioii of either condition will bring about adapta- 
tions. Naegeli has shown that there are forms which usually depeml 
on oxygen wliich continue to vegetate when free oxygen ceases. 



C D 


Fill. 4!)::?.— A, Bneteriion fenno, «ach cell funiished witli single fliigellum. Miigii!- 
fled 4,000 diametei'.'^. B, C, D, Barferium BitPoJn, cell when separLUca 
having a Hagclluin at either end. Magnified Jl.OOO diameters. (Dallinger.) 

Their nutrition is carried on like that of other vegetative forms 
devoid of chlorophyll. The actual typical gi-oup are without doubt 
the saprophytic Btictoria. The relation of the parasitic or pathogfink 
forms to these is one of the most interesting problems in microscopic 
1 liologv. Tiuit they are physiological iiiodirica tions of the siipro[»hvtic 
foi'ins appears per se a possibility; but in the light thrown upon 
biological change and survival by the hypothesis of tlie origin of 
species, the suggestion incites to practical int|iiiry and research. If 
the parasitic Bacteriaare physi()logi<‘aliModiticalions ofthesaproplq tic 
forum, to know the ]>atih by whicli they biologically became siicli may 



Fio. 4!I4, Four individuals of Vihria n((jnla, each showing Hagelliun at one <'V 
both ends; two other individuals, and b, se[mrat[)'ig frenn each otlier, and di'ii'v- 
iiig out A pi'otopUisiuic filament to fovin their second flagella. Magnified 
diameters. (Dallinger.) 

he to put more into the hands of nunlicine than could lie acconiplisiid 
by any other means. 

Jkicteriinn termo is the mo.st universally present and ahunrlant ol 
the saprophytic species. It is 1/i to I'Ojn long, and O’o to O’T^hroad. 
usually of (liimhbell form. These Bacteria are usually .seen in ‘ vacil- 
lating" movement in their free state ; eacli (;ell l)ears a flagelhua at 
each end, as B, 11 (fig. 493), wlulst the <louble cells bear a Hagellam 
at each extreiiiily. The formation of the sectnid fiagellum takes plan' 
bv tlie drawing out of a filament of protoplasm lietween t'vo cclb 
that are separating from each other (as in fig, 404. a, 6), tlie ruptiuv 
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of whieh gives a new fliigellum to eneh. Their flagella are so minute 
:is to be among the most ‘ difficult ’ of all microscopic objects, their 
diameter l->eing calculated from ‘200 measurements by Daliingev 
no more than f ni/invoth of an inchd Although this species does 
not ordinarily multiply in any other way than hy transverse sub- 
(linsion, yet, under ‘ cultivation ’ at fi temperatiu-e of 86 ° Fahr,, its 
t«ells have been seen to elongate themselves into motionless rods, 
resembling those of Bacilli^ whose endoplasm i)i oaks up into separate 
particles that are set free as small bright almost spherical spores, 
which sometimes congregate so as to form a zo'6ylota-^\m. These 
germinate into short slender rods, which are at first motionless, but 
soon undergo transverse fission, and tlien ac^quire fiagella.^ 

The r«^70?ifi5may be represented by V. ruyida^ seen in fig. 494. 
They are slightly curved ro<ls and threads, from 6/1 to 16p long, and 
vary ing in th i ck ness fi ‘om 0 * op to . They 1 la \'e well* 11 1 arked flagella , 
one at each end. They appear in vegetable infusions, causing fer- 
mentation of cellulose. 

The Spirilla are the largest forms in the group, characteri.sed h\ 



Fks. a, SpmUiuii aiuhiJn, slinwing at eadi end. Magnified 3,000 

duuiietors, Spirilium volutari^. Magnified 2,000 diameter s. (Dallingcr.) 

tlieir s[)irally formed cells and their graceful spiral motion. Tliey 
are fairly represented iu flg. 495 hy Spirilhm undala (A) and 
Spirillimi volutans (B). Tlic tlireads of the former are from M p to 
l'4u ill thickness, and from 9p to 1 2p in length. They are intensely 
active, and posses.s a flagellum at either end. They are found iu 
varying decomposing infusions. 

Spirillum. volutauM was known to and named by Ehrenberg. It 
i.s from hop to ‘2'5p in thickness, and varies from 25p to 30p or 
moi'e in length. It has distinctly granulai' contents, and a very 
easily fleinonstrahle flagellum at each end of the .spiral ; a fla- 
gellum was distinctly suggested by Ehrenberg on account of the vor- 
tical action visible in the fluid before this spirillum as it advanced. 

^Vitll the beautifully cori'ected 6 mm. {>ower of Zeiss (apochromatic 
dry h.A. 0'95), all but tlie must difficult of those can be seen in fresh 
‘q>ecimen.s with relative ease on a dark groxiud with a 12 or 18 eye- 
piece, provided they he examined (dire v:\th the jhajellit in motion. 

* Joimi. ofBwj. MicrofiC. Sov. vol. i. (1S78), p. 17.1 - £wart, lov. vif, 

v u 2 
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Fur the more <liffirult ones {H. termo md B. lumh) more c-nretn! 
arrangements ^^re reqniretl In (lrie<l st>eeimens the flagella ran t,,. 
readily demonstrated, and easily photographed, hy staining tliom hv 
a special method introduced by Ldffler (fig. 496). 

The germinating [jower of the spores of Bacteria maybe brought 
into opei'Jition at once on their reaching ripeness, or they may'),,, 
desiccated for an indefinite time, and again, on reaching suiiablr 
stn-roundings, will germinate as before. This power is held in \’;n i 
ou.s degree.^ by ditierent forms, but the whole subject needs uion- 
uniform and exhaustive inquiry. The spores of B. sMUh 
their vitality for years if kept in a dry jiir, while those ol 
H. (Uiikrads are stated hy Pasteur to remain alive in ahsoluTi- 
alcohol ; * and Brefehl found their power to germinate uninjured 
.after the lapse of three yeai-s in a dry atmosphere, lie also found 
them proof against the boiling-point of water, and even a highet- 

tempei“,»ture, Imt hr 
found tliat fewer and 
fewer .survived in boil- 
ing nutrient fluifl until 
the end of t he third 
hoiu’, when all were 
destroyed. 8o Bnclincv 
found that tlie s^ma* 
spores were wl tolly 
killed only after three 
or four hours’ boiling ; - 
while Pasteur states 
that grou]>s of iiii- 
ceilaiu spoies can 
withstand a tempera 
ture of 130° C. Thei r 
is, however, imcta- 
tainty, because a want 
of uuifoi'mity, in the 
tS)6. Flagella of Tj-ptoifi Bii rill i, x 1,000, stain eil results from various 
by Ltiffler’s method. (Friinkel and Pfeiffer.) .sources' '"^0° to ‘ba® 

may lie taken as tlie 

average degree of temperature at which these organisms will freely 
germinate ; but B. Urmo^ for example, has been known to genninate 
from 5-5° C. to 40° 0. 

Nothing like ‘conjugation,’ or any other form of sexual genera- 
tion, ha.s yet been witnessed in any Bacteria; and until such shall 
have been discovered, no confidetiee can be felt that we knon the 
entire life-history of any one type.^ Wlien tlu^se facts are allowed 



) ‘ Clmrhon et Bepticemie,' i'ompt. linuL hxxv, p, oo. 

* Xaegeli, L'afm. ither niedrre Fihix ls82, p. 220. 

As it seems unquestionable that among the higher Fungi ^.onjuga.tioii' 
takes place at <i very CiV'ly stage of growtli, it seems a not very iuiprohable siiinHY 
that the ‘ granular spheres ' observed by Ewart in Jiacillim avid Sp/Wf/'nw. 'vh'<‘y 
seem to correspond with the ' inicroplasts ’ observed by Ray Tiankestcr in iu" 
rtibf-scrufi, may be a product of conjugation in the ini'-rococens staslt 
these organisiiis. 
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rlieir flue weight, no difficulty (^iui he felt in admitting tlie action of 
ilaotei'ia, ike., in producing deeom|)osition under conditions whicli 
might at first view be fairly suppsed to preclude the possibility of 
Their pi-esence. This action is altogether analogous to that of "the 
\ cast-plant in producing Sficcharine fermentation ; and the careful 
aial exact experiments of Pasteur, repeated 
•tiid verified in a great variety of modes by 
Lister, Tyndall, and others, leave no doubt 
(111 these two ^loints — (!) that putrefactive 
Icrineiitation does not take place, even in 
iiijuids which arc peculiarly disposed to pass 
into it, except in the presence of Bacteria ; ' 

:(n(l (2) that neither tliese germs nor any 
(ithers arise in such li(pii<ls de novo, hut that 
tliev are all conveyed into them by tlie air 
when not otherwise introduee<l. It is thus i 

also with the parasitic or pathogenic forms 
Ilf Bacteria in setting up disease. Thus 


Fk;. 497.— Spoi’c-beuriiig threads of Bdnilus 
aiifhracifi, double- stuined withfuclisiue and 
iiietliyleneblue, X 1,200. ((hooksliaiik.) 


Fici. 498. — ^Pliotograph ota 
pure- cultivation of Bn 
cil! lisdnih raci.^, (Crook- 
shank.) 


splenic lever is pirodiicible l>y the inocailation of Bacillus antlu'acis 
(tig.s. 497 and 498) ; and tetanus or ‘lock-jaw" by inoculation 'witli 
iiuother species ol Bacdlus, tlie microbes having been in both ca.ses 
cultivated, so as to be iree Irom other contaminating matter. 
Similar observations have been made 

111*011 tuberculosis (figs. 499 and 500), . . / , 

iictiuomycosis, glanders, so that an ' - 

animal suffering under any of these b 

tliseases may be a. focu.s of infection 
to others, for 2 n'eci.sely tlie same 
reason that a tub of fermenting beer 
capable of propagating its ferinen- ' - . 

tation to fresli wort. A most notable 
ih.staiice of such propagation is 

alioriled by the .spread of the disease Fig. 499.-Bacil}i of tnberde iit 
termed ' ]*ebi'ine ’ among the silk- sputum, x 2,500 (from photo- 

\vonim t>f the south of -Brance, which, rm-buliscd 

T i. ’ lyvii, fuchsiiie. iCrookshank.) 

-icuudmg to Pasteur, is caused by a 

iiiinute organism named Xoseiiia Bombycis, the mortality caused by 
It being estimated to produce a money los.s of from three to four 
ihillions sterling annually for sev eral years following 1855, when it 
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first nroke out with violence. It hfis been shown by mieroseopie 
investigation that in silkworms strongly nflected with this diseasf. 
every tissue and organ in the body is swarming with these ininiitc! 
cylindneal corpuscles about 4‘LV P«ss iutu 

tile undeveloped eggs of the female moth, so that the disea.se is 
hereditarily transmitted. And it has been fiuther ascertained l)y 
the reseaivhes of Pasteur that these corpuscles are the active ageius 
in the ju-oductioii of the di.sease, which is engendered in healthv 
silkwornrs by their reception into their bodies ; whilst, if due pre- 
cautions be taken against their tramsmission, the malady may be 
com pletely extoi’mi nated . 



a h 

Fro. noo,— Pure -cultivations on glycer inn- agar from human tubercular spufuin: 
rt, after six mouths’ growth (fifth sub-culture) ; h, r, after ten monlhs growtJi 
(fourth sub-culture). (Crookehank.) 

Bficteriology is now so ilistinctly a bi-anc-h of biological sdence 
that it would be out of place here to present even a summary of 
voluminous details ami metliods of research. The microscope in it.'' 
mo.st perfect form is an indispensable adjunct to the rapidly progres- 
.sive work of this department of biological research, and 
ilelittate and refined employment of the microscope and all i ^ 
.•idjuncts is in the last degree important. Only a skilled microscopis^ 
can be a successful bacteriologist. But for the methods o tit 
bacteriological labm'atory we must refer the reader to 
this branch of science, ^ it being enough here to remark that uu 

1 The English student will find an aclniirahle aid in the Trxt^ool' of 
fo(j!j (Old Infective Diseasi'n {4Ui erl,), by Professor E. Crookshank. 
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i*iiiI)loymcnt of nutvient gelatine, nutrient agar-agar, and otlier 
similar niedia on glass plates, and in test-tubes (fig, oOl), so as l)y 



a he 


Fi<;, 501.- -Pure-cultiv.itmns of Stn-jifarocchs jjyoffrnc-s : rf, on the surface of 
nutrient j^ehitiTn;; h, in liie depth of nutrient ^^elaline; c, on the surface of 
nutrient ayar. ^Crooksliank. 1 



Fio. 502. • Colonies of rint/nwi-w, x SO: <7, after 24 hours ; 

b, lifter 48 houra, (Fliigge.) 

inoculation to obtain cultures of specific and isolated forms with 
their characteristic appearances, is one of the (*.s,scntial iiietluals 
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(Plate XJV). The inoculated Ijacterla, instead of moving freely, 
thev would in a liquid mediinn, are fixed to one spot, where tiiev 
<lev*elop ‘ colonies ' in a ehai’acteristic manner, showing their mvii 
morphological features (fig. 502). Cleanliness and care, as well .is 
practice in manipulation, ai-e essential. In the same wa}^ we csin onlv 
allude to the Investigation of the chemicfd products of bacteria, 
a.s toxins^ and to those antidotal siib-stances or antitoxins wliich 
deve]oi> in the blood of suitable animals inoculated with gradnallv 
inca'ea.^ing doses of toxins. Antitoxins and vaccines are now lai'ge!\ 
used in the treatment of tetanus, diphtheria, typhoid fever, plague. 
<lioler:i, and septic diseases in the human subject. 

The pathologicjil and therapeutic value of these researches is 
far beyond our present ability to estimate, and must have ;i]i 
appaieiitlv increasing value. But it is a science with which a work 
of this .'•lort may not deal furtlier than to show the right use of the 
microscope and its appliances, by which the work of pathologicjil 
bacteriology can alone be successfully done. 
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OHAPTEU X 

mCBOSCOPlC STIWCTVEE OF THE HIGHER CRYPTOGAMS 

Hepatic®. — Quittin^^ now tliB algal and fungoid types, and 
cuteiing the series of terrestrial cryptogams, we have first to notic e 
the little group of or liverworts. Tliis group presents 

iuiineix)us ohjects of great iutere.st to the U]ici'osco[>ist ; ami nf> 
s[tecics is riclier in these tlian the veiT common Marchmdkt poly- 
ii\oi'ph(c wlii<‘h may often he found ginw'ing hetw*epu the paving- 
stones of damp courtyards, hut 
which paiticularly luxuriates in 
the neighhourhood of springs or 
waterfalls, wiieie its lobed fronds 
are fouinl covering extensive sur- 
faces of moist rock oi- soil, adlier- 
ing l)y the radical filaments (rhi- 
zoids^ which aiase fi'oin tlieir lower 
surface. At the penod of fimcti- 
fication tliese fronds send up 
stalks, wliich carry at tJieir ,snm- 
iiiits either round shield-like discs, 

(irradiating bodies that heai' some 
i'csein\)lance to a wheel without 
its tire (fig. 508). The former 
carry the male organs or an- 
tlerids; while the latter in the first instance bear llie female 
organs or archegonn, whicli afterwnixls give place to the sporanyes. 
or spore-cjises.^ 

'fhe p-een surface of the fmnd of Marchantia is seen, tmderalow 
iiiiigiufying power, to be divided into minute diamond-sha]>ed spaces 
(fig. 504, A, a, a), Itounded by raised bands (c, c ) ; every one of these 
^pilce^; has in its centre a curious brownish -coloured body (A h), witli 
au opening in its middle, whicli allow's a few' small green cells to lie 
H-eii fiirough it. Wlien a tliiii vertical section is made of the frond 
(B), it is seen that each of the lozenge- shaped divisions of its surface 
covrcspunds with an air-chamber in its interior, wljicli is bounded 
kelow by a floor [a, a) of closely set cells, from whose under surface 
Iho vhizuids arise ; at the sides liy walls (c. c) of similar solid 

J III some species the Bame shieldR beat both sets of organs ; aud iu Marchuntia 
unlmjijjiKt, we find tlie upper surface of one half of the shield develoi>ing autheridfi, 
'uiilsl the under surface of the other half bears ardiegones. 



Fig. 503. — Frond of Marclnoitia pah/- 
inurpha, witli gemmiparous tontep- 
tacles, and lobed receptacles bearinji; 
arciiegoues. 
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connect the of the lobes with one another, a set of ar€h(>yo„(.s^ 

shaped like flasks with elongated necks (fig. 507) ; each of these luj 
in its interior an ‘oosphere’ or ‘ gervu-cell,’ to which a canal leails 
down from the extremity of the neck, and whicli t> 
jj fertilised by the penetration of the antherozoids 

s til rough this canal until they reach it. Instead. 

0 however, of at once evolving itself into a new pl.nit 

5 resembling its parent, the fertilised oospheve 

^ ‘ embryo-cell ’ develo[ts itself into a mass of cells ru- 

6 closed within a capsule, which is termed a sporaiuje ; 

W and thus the mature receptacle, in place of arclic- 

goncs, bears capsules or spoi-anges, each of them fi!Kd 
with an aggregation of cells that constitute tlie iui 



mediate progeny of tlie feitili.sed genn-cell. Those 
(•ells, dischargeil hy the bursting of the .spovango, 
are of two kinds : namely, spores^ each enclosed in 
a double spoie-inembrane ; and elaierft^ whicli ave 
very elongated cells, each containing a, double spind 
fibre coiled up in its interior. This fibre is so elastic 
that when the surrounding pres.sure is withdrawn 


the Imr.sting of the spoi-ange, the elaters 

^ tend tliemselves (fig, 

^ ^ 506), tearing apart the 

m m cell - membrane ; and 

a P M they dothis sosuddenlv 

I ^ IP as to jerk foi-lli the 

I ^ fS which may he 

t adherent to tlieir coils. 

^ spores, when suljjccted 


Fi(i. 506.— Elater Fio. 507.— Ai'cIie}<one of Mar- 
and spores of chaiitiaj^toliJutdrjiJKi/iu^uccos- 
MarvhuHlin. si^e stages of development. 


moderate amount of 
light and warmtli, de 
velop themselves into 
little collections of cehs. 


wliicli gradually assume tlie form of flattened fronds; and flius tin* 
Species is very (^xteinsively multiplied, every one of the aggregate of 
spores wliieli is the product of a single germ-ccll being cajiable oi’ 
, giving origin to an independent individual. 

Marchantia is the type of the section known ns the lhalloid 
Hepatutie. Another section, the foliose Hepaticte, is repre.-^eiitcd 
iiy the genus Jnmjennannia., exceedingly common plants, of a ino^>'- 
like habit, growing on moist banks and similar situations, hilr 
the structure of the sexual organs, and of the sixu-ange.-i, resem- 
bles in its main features that of Marchaniia^ tlic vegetative 
organs are very diflerent, consisting of a slender creeping stem 
with small semi-transparent leaves. This distinct difierentiatioa of 
stem and leaves indicates a decided advance in orgaiiisjitiou, ami 
nuirks the passiige from tlie ikallophytic to tlie er>nnophit\c lyjie oi 
.structure. 
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Musci. — There is not one of the tribe of J/bsses- whose external 
oj uiuis do not serve as beaxitifnl objects when viewed with low powers 
of 'ilie ]nicroscope ; while their more concealed wonders are ad- 
iiiiriddy fitted for the detailed scrutiny of the practised observe)-. 
Mosses always possess a distinct axis f)f growtl), coiimionly more or 
|(>vs erect, on wliich the minute and delicately foi-ined leaves are 
;„-ranged wdth gi-eat i-egulnrity. The stem shows some indication of 
the sepm'ation of a cortical oi- external portion from the mcdnllartf 
or central, by the intervention of a, circle of bnndlos of elongated 
(.ells, which seem to prefigure the woody jxn-tion of the stem of 



Fk;, 508 . — Sti’uctuie of mosses 1 A, plant of Fnnarin hiigioinvtfiva, J the 

leaves , » tlie sporanges supported upon the setse or footstalks «, closed by the opcrcule 
n, and covered by the calypter c. B, sporanges of Eavalyptra vidgafis, one of them 
clnsecl and covered with the calypter, the other open ; n, ?(, the sporanges; 0, 0, the 
opereules ; c, calypter ; ju, peristome ; -v, s, setm. C, longituclimil section of very 
young sporange of Splachnmn ; r?, solid tissue forming the lower part of the capsule ; 
r, columel; /, space around it for the development of tlie spores; c, epidermal 
layer of ceils, thickened at the top to form the opercule 0 ; p, two intermediate 
layers, from which the peristoinc will he formed; s, inner layer of cells forming 
the wall of the cavity. 


higher plants, and from which prolongations pass into the leaves, so 
as to afibrd them a soi-t of midi'ib, Tlie leaf n.smdly consists of either 
a single or a double layer of cells, having flattened sides by wliich 
they adhere one to another; they larely present any distinct 
c[)i«lermal layei-; but such a layer, perforated by stomates of sipinh^ 
stnicture, is commonly fonrul on the seta or l)i‘istle-like footstalk 
hfiiving the fructification, and smnetinies on tlie miili-ihs of the leaves. 
The rhi7.oi<ls of mosses, like tliose of Marchant’af , consist of long 
tiihidar cells of extreme transparemw, witliin which tlu^ pi'olo|ilasin 
'day frequently be seen to circulatis as in the elongated cells nf 
^Ihnra. 
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Tlie ‘ nrn/ or ‘ capsule/ of mosses, filled with spores, and lnu n,. 
at the top of m footstalk that springs from the centre of a ciusTei- 
of leaves (fig. 508, A), is the ultimate result of an art of feitilj, 
sation ; for mosses, like liverworts, possess both anthirhh ami 
arche<joim. These organs are sometimes found in the same env(‘l(,|),. 




Fra. ijUU. -Anthei’icls and aiiblierozoids of PofijirirJinm co/iimmic: A, group of 
antherids, mingled with hairs mid sterile filaments (paraplivsesj. Of llio tlireo 
antliei’ids, the central one is in the act of discharging its contents ; that on the 
left is not yet mature ; wliile that on the right has already emptied itself, so that 
the cellular structure of its walls becomes appurent B, cellular contents of an 
antherid, previously to the development of the aiitherozoids ; C, the same, 
sliowing the first appearance of the mitheroKoids ; D, the same, mature anil 
discharging the antlierozoids, 


or //A sometimes on diR'erent parts of the sfime [dant, some 
times onh' on diti’ereut individuals ; but in either case they arc 
nsually situated close to the axis, among the bases of the Icave.s. 
Tlie antherids are globular, oval, or elongated bodies (fig. 500, .A.), 
com])ose(l of aggregations of cells, of which the interior are ‘siieriii- 
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colls,’ each, of which, as it comes to maturity, develops witliiji itself 
an antherozoid (B, 0, D) ; and the antherozoids, set free b}* the 
]U[itui-e of the cells within which they are formed, make their 
esc!ipe by a passage that opens for them at the suiiimit of the antherid. 
The aiitherids are generally surrounded by a cluster of hairlike 
filaments (fig. 509, A), which are called pampki/ses; these seem to 
lie ‘sterile’ or undeveloped antherids. In the ‘hair-moss,’ Poly- 
ti'ickim commune, orie of the largest of our mosses, common on dry 
Jienths, these antherids are collected into conspicuous starlike 
(-histei’s at the extreiuities of the branches of the ‘male’ plants. 
These are to be seen about April, and at the same time the arche- 
may be detected concealed among the leaves on the ‘ female ’ 
plant; while the capsules, or s]iorauges, in this and most other 
mosses, make their appearance late in the summer, and remain 
through the winter. The ai-chegones bear a general resemblance to 
1 1 lose of Unrehantia (fig. 507), and. the feiTilisation of their com 
fiiined oospheres, or germ-cells, is accomplished in the manner 
jilready de.scrihed. Tlie fertilised embryo-cell becomes gradually 
developed by cell-division into a coniral body elevated upon a stalk ; 
and tins at length tears across the walls of the flask-shaped arche- 
^ame hy a ch^cidar fissure, carrying the higher part upwai-ds on its 
smiiiiiit as a calypkr or hood (fig. 508, B, c), while tlie lower part 
leiii.ains to form a kind of collar round the ba.se of the stalk, kllo\^'u 
as the raglne. 

The urn, theca, or spormuje, which is the immediate [aoduct of 
the gener.ative act, is closed at its summit by an operade^ or lid 
(fig. 508, B, 0 , 0 ), whicii falls off when l.lie content.s of the s^xmanye 
are mature, so as to give them free exit ; and the mouth thus laid 
open is surrounded, in many mosses, by a beautiful toothed fringe, 
wliicli is termed ilie peridoinp. This fringe, as seen in its original 



l‘i<a51(i. -Mouth of spomnge of Flo, -“ill. — DoulU* poriistome 

showiu" the peristome in situ. of Funliualis nniiyijrvtiru. 


undisturbed position (fig. 510), is a beautiful object for the binocular 
nurroscofie ; it is very ‘ liygrometric.’ executing, when breathed on, 
iUairious movement which is prol)ably concerned in tlie dispersion 
of the spores. In figs. 511-515 are shown three different forms of 
pf'-istomo, spread out and detached, illustrating the varieties whirl i 
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it exhibits in diffeveiit genera of mosses — varieties whose existcm e 
anil reatliness of recognition render them characters of extreme v^ilu,- 
to the systematic botanist, whilst they furnish objects of 
interest 'and beauty for the microscopist. The peristome sfciji^ 
always to be originally double, one layer springing from the our, v. 
and the other from the inner, of two layers of cells wliicli ma\ In- 
always distinguished in the immature sporange; but one or otlna nf 
these is frequently wanting at the time of maturity, and somotijui-s 
]>otli are obliterated, so that there is no peristome at all. Tin- 
number of the teeth is always a ‘ power ’ of four, vaiying fi nm 
four to sixty-four ; sometimes they are prolonged into straight m- 
twisted hairs. Tlie spores, or gonidial cells, are contained in the 
upper part of the sporange, where they are clustered round a central 
pillar which is termed the mlwmel. In the young sporange tlie 
whole mass is nearly .solid (fig. 508, 0), the space (Z) in which tlir 



Pro. 512. -Double peristome Oi FlO. 5ia. Double peristouit' 

Bryum intt-nnedunn. of C/Dclitliuw inrfinini. 


spores are developed being very small ; but this gradually aiigmeiits. 
the walls becoming more condensed, and at tiie time of matinhr 
the interior of the spoi-ange is almost entirely occupied by the sporc>. 
Those are formed in gi’oups of four* by the Irinary .subdivision of tlii- 
mother-cells which first differentiate themselves from tliose forming 
the capsule itself. The capsule and seta of mos.'^es together const i 
tute the organ known as the sporogone. 

The develo})ment of the sptire into a new plant commences w itli 
the rupture of its firm yellowish -bi -own outei' coat or c.»‘o.sywr/s .‘iiul 
the protrusion of its cell-wall jiroper, oi’ <^\i<Jmpor<’, fi'oin tln' 
{Ji'ojectiug extremity of which new cells are put forth by a jiroce» 
of outgrowth, forming a sort of confervoid filament know]) as tln' 
proiomme. At certain ]X)ints of this filament its component cells 
multiply by subdivi.sion, so as to foi-m rounded cin.sters or lanls. fnau 
every one of which an independent plant may arise, The Miisci. 
therefore, present an example of tlie phenomenon known as olPr- 
oatloth of generations. The life-histoiy of each i)itlivi<lual may li*‘ 
divided into two ‘ generations: ' tlie sexual generation or ‘ nili'liytc. 
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vvliii'li consists of the leafy plant l)eai‘i]ig the male and female or^^ans ; 
.,,1(1 the mn-Hexml generation or ^ sporopliyto,’ composed of the 
.xjicrogone with its spores, these two generations alternating with one 
aiioTher in the complete cycle of (levelo])ment. 

The tribe of iSpluignacPM'^ or ‘ hog-mus,ses,' is now separated };v 
jiiii>(‘ologists from true mosses on account of the » narked differences 
hy wlilch they are distinguished, the three groups, Ifepatico'^ 
(oe ordinary mosses), and Sphay/iumt'^ being l anktsl as to- 
ectlicr forming the gi'oup ui 

Tin- stem of ^plifujiumw is more dis- ^ 

PiK-flv differentiated than that of 
Umacm into the central or mednllary, 
tlit^ outer 01* cortical, and the ijiter- 
iiiediate (jr woody portions ; ami a very 
I'iipid passjige of tlihd takes jdace 
Tlii’oiigh its elongateil cells, especially 
111 the luediillary and coitical layers, so 
ilijit if one of- the plants be placed dry 
in a flask of Avater, with its rosette 
of leaves bent ilownwards, the Avaler 
will speeilily drop from tliis until the 
ttisk is emptied. The leaf-cells of the 
AphnijtXimt' exhibit a \ery curious de- 
|i;(rturo from tlie ordinary ty|)e ; for 
instead of being .small and polygonal, 
fliev are large and elongated (fig. olT) ; 

iIk'v contain no chloropliyll , Imt liavc »< ‘I'f '“f 

.* -1 f sliou iiig tlie liU'iie 

^})1l■al nbres loosely coiled 111 their in- empty cells, a. i?, o, with seiial 

ti-rior: and their membranous walls tihi'esjUudfoimnunicatingApe)-- 

l«vc large ro,n„te,l apertures. I,y whic- 1 , f,"- ; “'f 
their cavities freely communicate with small elniigated elilompliyllous 
'tiie another, as is soinetimes curiously 
I’viilfiK'ed 1 )V tlie passage of w’lieel- 

itiiimalciiles that make their hahitation in tliese ehamliors, Between 
these coarsely s|)iral cidls are some tliick-Avalleil narrow elongated 
eells containing chloro])hyll ; the-se. which give to the leaf its firm- 
ness, do not, in the very young leaf, differ much in a])pearanc«^ from 
tile others, the pecailiarities of both being evolved by a gradual jiro- 
eessof differentiation. The aiitherids, or male organs, of Sphatjnaced’ 
i’eseiiible those of liA erworts, rather tliaii tliose of mos.ses, in t heir 
thi-m and arvangemeiit ; they are grouped in ‘catkins* at the ti]is 
'>1 lateral hraiiehes. eaih of tlie imliricated perigonal leaves enclosing 
•' diigle globose a ntherid on a slender footstalk, and they are snr- 
I'lmideil by very long branched parapliyses of cobweh-liko tenuity, 

1 he female organs, or a rchegones, which do imt differ in sti'ucture 
li‘0111 those of mosses, are gi‘ou]ied together in a slieatli of ileep green 
leaves at the end of one of the .sliort lateral hranelilets at the side of 
die rosette or terminal crown of leaves. The two sets of organs 
■ne always distrilmted on different Viraiiclies, and in some instances 
"It different plants. The ^ sporange ' which is formed as riie product 
"1 the impregnation of the germ-cell is very uniform in all the 

X X 




674 MICROSCOPIC STin-CTURE OF HIGHER CRVPTOGAM^ 


.species, almost spherical, with a slightly convex lid. 
heak or point, and si lowing no trace of a peristome; and the siji.iv.; 
it contains are produced in group.s of four (as in mosses) arous d a 
liemispherical ^cnlniiieh’ Besides the ordinary spores, l\ou. \,.,. 
\\\e Sphaijnacm Kometimes develop a .smaller kind, the ‘ micvospni 
i'ormed hv a further division of the mother-cells; the siguificiior-,- n'f 
these is unknown.^ The ordinary spores, when germinating. <1(, j,„t 
pro<hice the branched confervoid filament of true mosses, hm if 
grow'ing on wet peat e\olve themselves iiitx) a lohed foliaceon^ ' jn-,,. 
thallium,’ resend ding the frond of liverworts; whilst if tliiv 
develop in water a single long filament is formed, of whicli ilu. 
lower end gives off rhizaiids, while, the upper enlarges into n Im,] 
from which the young plant is evolved. In either case the 
thallium and its tenifioravy roots wither jiway as soon as the Mmnu 
begins to branch. From their extraordinary power of imiiilhi:: 
and holding water, the SphagnacetP are of gi'cat importance in tin- 
economy of Nature, clothing with vegetation many areas whicli 
would otherwise he sterile, and serving as reservoirs for stoviiiLr nji 
moisture for the use uf higlier forms of vegetation. 

Filices.' -In the general structure of we find a miuh nearer 
aiiproximation to flowering plants ; hut this does not extend tn 
their reproductive apparatus, which is formed upon a type essentiallv 
the same as that of mosses, though evolved at a very difforeut perioil 
of life. As the tissues of wliich their fabrics ai'e composcil mv 
essentially the same as those to he de- 
scribed in the next cliaptei-, it will in'i 
lie requisite here to d^veU upon tln^iu, 
The stem (wlaere it exists) is for the 
most part made up of cellular pn- 
luichymc, which is .separated into .-i 
cortical and a medullary portion hv the 
inteiq>ositiou of a circular scrie> af 
fihro-vascular hundlc.s containing true 
woody tissue and ducts. These hniidle- 
foi'ni a kind of irregular network, frmn 
which pivdongations are given off tlru 
pass into tlie leaf-stidks, and tlu'iiee 
into the mi<lrib and its lateral hranclie^ : 
and it is thoir pecnliar arranijcnieut in 

FK.,.'il5.-OWi<,ue|.«.tio.,offoDt- tl,e leaf-stalk of tile commonl.nilit-ivMrli 
stalk of fern leaf, showing . • i i 

bundle of scalarifoim duets. gives to t.he transverse section tJic inarlo 
iiig counuoiilv known as ‘King Ch:U‘ll‘^ 
in the oak; A thin .section, esjiecially if somewhat oblique (fig. ’da), 
displays extremely well tlie pecnliar character of the ducts of llr- 
fern, whicli are termed scalarifonn from the reseinhlanoe oi ih>' 
regular markiug.s on their walls to the rungs of a ladder. Thesi^* 
huiulles of scalarifonn ducts or ‘ tradieids ’ are usually surromuli-d la 
sheaths of sderf''i>chjine^ tissue compose{l of cells the walls ot wliich 

1 These so-called ‘ inicrospores ' uve now believed to be spores of a I'ani'U'i’ 
fungus.— Eli, 
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l,;,ve become vevy bnrd and of a deep bi owii colour. Tliese scleren- 
( iivmatous sheaths are a ^e^y conspicuous feature in a transver.se 
Motion of the stem or rhizome of most ferns, anfl are the principal 
;(i,^ont in giving it strength and soli<lity. 

Wdiat is usual])' termed the fnicUficatioa of the fern affords 
uiost beautiful and readily prepared class of opaque objects for the 
iower powers of the luicrowiope ; nothing iriore being neiessary than 
to lay a fragment of the frond that bears it upon the glass stage- 
plate or to hold it in the stage-forceps, and to throw an adequate liglit 
si|ion it by the side-condenser. It usually presents itself in the form 
of isolated spots on the under surface of the frond termed sori^ 
as ill the counnon Pohijmlim^i, (fig. 516), and in Anphlhini (fig. 
.'(IS); but sometimes these sori are elongated into liaiids, as in 




Fk;. r)U). Leaflet of Frn. 517.— Portiou of frond of Hrcmioiuiis, 

j/odiiou, ^vith sori, ' with sori. 

tile common (hart’s tongue) ; ami these may coal eseu 

with each other, so as almost to coyer the surface of the frond with 
a network, as in J/wmionitis (fig. 517) ; or they may form mei'ely a 
single hand along its borders, as in the common Pier is (brake-fern). 
I'lie sori are sometimes ‘ nake<l ’ on the under surface of the fionds ; 
lait they aie frequently covered with a delicate memhrane termed 
the indmuiH^ which may either form a sort of cap upon the summit 
"f each sorus, as in (fig. 518), or a long folrl, as in Scolo-' 

!»whium and Ptpris^ or a sort of cup, as in Deparia (fig. 519). 
Kach of these .sori, when sntficiently magnified, is found to be made 
I’l' of a mnltitudc of sporauges, or spore-capsules (figs. 518, 519). 
wiiith are sometimes closely attaclied to the sui’face of the fi'ond, 
hut more commonly spring from it by a pedicel or f(K)tstalk. The 
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wall of the Mporange is composed of flattened cells, applied to c.ii h 
other by their edges; but there is generally one row of these tliickii 
ami liLi'ger than the rest which springs from the pedicel, an.) ix 
continued over the sinmnit of the sporange, so as to form a pvpjeciiii^ 
ring, wltich is known as the aaaalus (fig. 519). This ring hns ;,i, 
elasticii.y superior to that of all the rest of the wall of the cap^s!l^‘. 
causing it to split aei'oss when mature, so that, the contained sjkuvs 
uiav escape ; and in many instances the two halves ot the sporange jiic 
earned widely apart from each other, the fissure extending tosucliii 
depth as to sepiirate tliem cxmipletely. In Osmunda (the su-cidlnl 
‘ llowering fern ’ ot- ‘ royal fern ') and Ophioglosmm (adder’s tongui-) 
the sporanges have no annulus, or one greatly modified. Tt ail] 
fre(|uently happen that specimens of fern- fructification gathered f li- 
the microscope will he found to have all the sporanges burst ;iii,l 
tlie spores dispersed, whilst in others less advanced tiie sporanges 
may all he closed ; others, how^ever, may often he met with in uiiidi 
some of tlie .sporanges are closed and others are open ; and it these 
he watclie<l with sufficient attention the rupture of some of tlie 



Kks. 518.-Sorus and iiidusium of Fi<J. 510. Sorus and cup-^hqied 

Asiiidium. iiidusium of Dfjmna jfroJijem. 


Sporanges and the di.spersioii of tlie spores may ])e ohserved to take 
}»laec while the spceimeii is under observation in the field ot tlie 
mierosco]TT*. In sori whose sporanges have all lan-sl, the ammli 
connecting their two halves are the most (-nnspicuous objects, look- 
ing, wlien a strong light is thrown upon them, like .strongly banded 
worms of a bright brown hue. This is partieulai-ly the case in 
Scolopendrlu.m, whose elongated sori are remarkably iTcaiitihil 
objects for the microscope in all their stages; until (|uite matui-e. 
however, they need to be brought into view i>y turning hack the 
two indusial folds that cover them. The commonest ferns, indeed, 
which are found in almost every hedge, furnish objects of no Ic-s 
beauty than those yielded by the rarest exotics ; and it is iii cvciy 
respect a most valuable training to the yoimg to teach them how 
much may l>e found to interest, when looked for with mtelhgiaif 
<*yes, even in the most fiimiliar, aiul therefore disvegav<lod,sjiecinicii> 
of Xat lire’s handiwork. 

The 'spores’ (fig. 520, A) set free by the bursting of "U ' 
ranges, usuahy ha ve a somewhat angular form, and are iiivost<'il 
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\(Ho\vif^h or brownish outer coat, the exospore, which is marked 
V. rv much in tlie manner of pollen-grains (lig. 565) with points, 
s! leaks, ridges, or reticulations. Wlien placed upon a dam]) 
.tirfaee, and exposed to a surtieiency of light and warmth, th(‘ 
»j.Di‘e begins to germinate, the first indiciitiou of its vegehdive 
.•iciivitv being a slight enlargement, which is manifesterl in the 
i-(Uinding off of its angles. This is followed by the putting forth 
,if a tubular prolongation (fig. 520, B, r?) of the internal cell- wall or 
tlirough an aperture in the outer sjxwe-cait; and mois- 
Tui'O being ab.soi-bed through this, the cell becomes so distended as 
TO burst the external unyielding integument, and soon begins to 
,‘longate itself in a <lii eetion opposite to that of the first rluzoid. A 
production of new cells by subdivision then takes ]dace from itsgrow- 



Hii, 5:iU. -Dt'velopiufciit of protlialliuin of Plpvis scrrulafn ■. A, spore set free from 
thesporange; B, spore beginning to germinate, putting forth the tubular pro- 
longation ri, from the principal cell h ; C, first -foriii eel linear series of cells ; D, pro- 
thallium taking the form of a leaf-like expansion ; (J, first, and b, second rhizoid ; 
c, f/, tlie two lobes, iuul e, the indentation between them ; l\ t\ first-formed part of 
the protluillimn ; external coat of the original spore : A, hy antherids. 

ing cxt.roiiity ; tins at first proceeds in a single series, so as to fomu 
;i kind of confervoid filament (C); but the cell-division stxm takes 
place transversely as well as longitudinally, so that a fhittened leaf- 
like expansion (D) is pi'uduced, so (dosely resembling that of a young 
Mfrrchantla as to be readily mistaken for it. Tins expansion, wbicli 
b termed the prothalUum, varies in its configuration in different 
^[iccies, but its (‘.sscutial structui'e alwavs remains the .SJiinc, From 
its under surface are developed, not merely the I'hizoids {a, h), which 
serve at the same time to fix it in the soil and to supply it with 
iiioistiire, hut also the fViHherkh and archegoofs^ which constitute 
file true representath'cs of the essential |)arts of the flower of higher 
I'laiits. >Some of the former may Ije lUstingnished at an early period 
'>f tlie devel()])ment of the prothallium [h, li) ; and at tin* time of it.< 
'•f'implete evolution these liodies are seen in considerable numbers, 
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pspecifilly in tlie neiglibourliood of the rliizoids. Each has its 01 U|ji 
ill M peculiar protrusion that tfikes place from one of the cells c)f j;i,. 
prothallium (fig. 521, A, a); this is at first entirely filled Miiij 
clilorophylhgi’annles, but soon cell-division sets up in it. A 
cell h becomes distinguished from all the rest by its much larger 

and is snrroundeil b\ r,.,,, 
or two layers of ruudi 
.smaller cells knois ii as 
the tapetal or manfh-. 
cdls. These lake no 
part in the formation of 
the antherozoids ; 
the protoplasmic con- 
tents of the large cent ml 
cell divide by fiee-idl- 
I'lc. 5‘21.— Development of the aiitherids and aiithe- formation into a laigv 
vozoids of Ptp,ri& $prndata\ A, projection of one niunbei' of cells known as 



of the cells of the prothalliuiu, showing the antlic- 
I'idial cell b, nith its spenn-colls c, within the cavity 
of tlie original cell a. B, antberid completely 
developed ; a, wall of antheridial cell ; e, sperm- 
cells, each enclosing an antherozoid. C, anthero- 
zoid more highly magnified, showing its Drge ex- 
tremity a, its small extremity Z), and its cilia li, d. 


A 



; the antherozoid- wf ilher- 
, cells (c); each of Ihesc 
- again hreaks U[) inm 
■ four cells, not at first 
provided with rolhv alls, 
the sperm-cells. Kadi 
of the sperm-cells {Ik c) 
is seen, as it approaches 
maturity, to contain a 
spirally coiled filaincnt ; 
and when .set free hy 
the bursting of tlie 
antherid the spenii- 
cclls thenisclvos linrst. 
and give exit to tlieiv 
antlierozoids (0), uliidi 
^ A execute inpid inuve- 

, , . ments of rotation on 

Fm. .122. -Archegoiie of Pteris scrruhitd : A, as . 1 . 

seen from above; a, a, a, cells surrounding the fheir axes, paith df- 
base of the cavity; h, <\ d, eucoeesive layers of pendent on the loiij; 
cells, the highest enclosing a quadrangular orifice, with wllicll tllev 

B, side view, showing a, a, cavity containing the . . f , -.,-i i 
germ-cell, «; a, a, walls of the archegone, made hie ^luinisneu. 
up of the four layers of ceils, b, c, d, e, and having The ni'che(/0)ies an* 
au opening, y, on the summit j c, c , ojitherozoids f0^Y0l* jii nuililter, aial 
within the cavity; . 7 , large extremity; Ji, vibratile ,. , ' 

cilia; /, small extremity ill contact with the germ- hrc ion ml upon a * 
cell, and dilated. ferent part of the pr-i- 

thallium. Each of them 
originates in a single cell of its superficial layer, wliicli undeigoes 
subdivision by a horizontal partition. Of the two cells tlius prothiceil 
the upper gives origin, by successive subdivisions, to the * lu'ik "I 
tlie archegone, which, when fully developed (fig. 522), is coiiipi'>eil 
of twelve or more cells, built up in layei's of four cells each, one upuii 
another, .so as to form a kind of cliimney or shaft. The lower <if the 
two first-formed cells becomes the central cell of the arclieg‘'t>e : 
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au-1 tliis again undergoing liorizontal >,iibdivisio]i, tlie lower half }k>- 
(-(, inert the oosphere or tjerni-cell^ whilst the upper extends itself inl.<) 
ihe neck. Ky the eon version into mucilage of a central row, an opmi 
jiavsige or canal is formed, through wliich the anthcrozoids make 
tlnh' Avay to the oosphere lying at its liottom (fig. 522, B, a). Tiie 
(iii>pliere, when fertilised by the ])enetration of the antherozoids, 
luroiiies the ' embryo- cell ’ of a new plant, the development of whirli 
>jit‘edily commences^ In the aberrant group of OphhHjloRmcew 
(adder’s-tougue ferns), the development of the })rothallium takes 
pluoe underground, in the form of a small roumlish tuber, comj^xised 
of parenchymatous tissue conhiining no ehloropliylh ami jiroducing 
aui hericls and archegoues on its upper surfiice. 

The early development of the erahryo-cell takes place according 
to the usual method of ]'e])eated subdivision, proilucing a honio- 
iroueous globular mass of cells. Soon, however, rudiments of special 
organs begin to make their appearance ; the embryo grows at the 
fr-xiicnse of the nutriment prepared for it by tlie pi'othallium, and il. 
Itursts forth frojn the ca\^ity of the arcliegone, winch organ in the 
iiicanthne is becoming atrophied. In the very beginning of its 
development the tendency is seen in tlie cells of one extremity to 
grow upw'iU'd so as to evolve the stem and leaves, and in tho.se of tlu^ 
other extremity to gi-’ow' downward to form the root; and when 
these organs have been sufficiently developed to absorb and prepari* 
the nutriment which the young fern reiphres, the prothallium dcca vs 
away. Thus, then, the 'spoi'e’ of the fern must be considered as a 
generative ‘goiiid ’ or detached llower-bud capable of developing 
itself into a prothallium that impv be likened to a i cceptnclo liearing 
the sexual apparatus. But this pvothallium serves the further pur- 
pose of ‘nursing’ the embryos originated by the generative act; 
wliicli embryos finally develop themselves, not, as in mosses, into 
iisere sporogones, but, as in Phanerogams, into entire plants, com- 

’ Tlie study of the development of the spores of ferns, anil of the aet of fertilisa- 
tifdi and of its products, may be conveniently prosecuted as follows;— T^et a frond of 
a fern ivhose IVuetitt cation is mature he laid upon a piece of fine paper, with its 
sj^iore-bearing surface downwards ; in the course of a day or two tliis paper will be 
iouud to be covered with a very fine brownish dust, which consists of the discharged 
spores. This must be carefuUy collected, and should be spread upon the surface of 
a smoothed fragment of porous sandstone, the stone being placed In a saucer, the 
bottcim of which is covered with icater ; and a glass tumbler being inverted over it, 
the requisite supply of moisture is ensured, and the spores will germinate luxuriantly. 
Some of the prothallia soon advance beyond the rest ; and at the time when the 
:i(lvanccd ones have long ceased to produce anlhewds, and bear abundance of 
archegones, those which have rouiaiucd behind in their growth are beginning to be 
covered with nnthcrids. If the crop be now kept with little moisture for several 
ivcelis, and then suddenly watered, a large number of anthevids and arc-begones 
simultaneously open ; and in a few hours afterwards the surface of the larger pro- 
thallia will be found almost covered with moving autherozolds, Such jiiothallia as 
exhibit freshly opened archegones are now to be held by one lobe between the forefinger 
:md thumb of the, left hand, so that the imper surface of tlie]>rotlii\l!ium lies ujicn tlie 
tluirab : and the thinnest possible sections are then to be made witli a thin narrow- 
bladccl knife, perpendicularly to its surface. Of these sections, which, after much 
practice, may be made no more than one-fifteenth of a line in thickness, sonic will 
probably lay open the canals of the archegoncs; and within these, when examined 
widi a power of 200 or 000 diameters, anthevozoids may he occasionally dis- 
tinguished. The prothallium of the common (Is/nxnha renahi will be found to 
iiiford peculiar facilities for observation of the development of the iuitherids, which 
lU'c produced at its margin, 
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plete ill everything but the true generative organs, whirh eviiv^ 
tlieniselves from the detached spores. HeiB we have, therefore^ ;i,i 
example of alte-rnutlon of yewrations differing in one impori;,!ii- 
respect from that in mosses. In ferns the ‘ sexual genemtion ' m 
‘ oopliyte ' whii'h results from the germination of the sjxire consi^r.s 
of the protliallinm only with its archegones and aritherids, tlie hufy 
j)]ant which hears the sporaiiges constituting the ‘ sporophvtc' oi’ 
‘ non-sexual generation/ the product of the feitilisation of the aivln-- 
gone by an antherozoid. In mosses, on the other hand, tlie IciitV 
plant belongs to the sexual generation. 

The singular discovery has recently been made by the researches 
of De Bary, Farlow, and others, tliat tlie ordinary alternation of 
generations in ferns may he interrupted liy tlie suppression eithcimf 
tlie spoi'opliyte, the non-sexual or spore-bearing genei-ation, orof tla- 
odphyte or sexual generation whirl i hears the true reprodnctiic 
organs. Tliese plienonieMa are called respect! lely nnil 

apoyam]). Tlie former has lieen oh.served especially in vai-ietics of 
Alliyrinni F'dlxfmuilm and rohfstichim angularej and is .sliown hv 
the production of jirotlialloid structures bearing aiitherids and 
archegones on the fronds in the place of ordinary sori. Tlie latter 
occurs not i infrequently in VUns serndata^ the sporophytic genera- 
tion springing directly from the protliallium without the interven- 
tion of aicliegones and anthoiids. 

Tlie little group of Equisetaceae (horsc hhls), wliicli seem nefirly 
allied to the ferns in the type of their generiitive apparatus, thongii 
that of tlieii- vegetative portion is very different, affords certain 
olijocts of considerable interest to the iiiicroscopi.st. The whole of 
tlieir structure is penetrated to such an extraordinary dogur 
by silej', that even when its organic portion has been destroyed hy 
prolonged maceration in dilute nitric acid, a consistent skeleton .still 
remains. This mineral, in fact, constitutes in some species not less 
than 13 per cent, of the whole .solid matter, and 50 |>er cent, of tlie 
inorganic asli ; and it es[)ecially ahoimds in Idie epidei-m, tvliich i> 
u 'Cd hy caliinet-makers for smoothing the surface of wood. Soiiieof 
the siliceous particles are distrilmted in two lines, ])fir;dlel to the 
axis; others, however, are grouped into oval forms, (connected witli 
eacii other, like tlie jewels of a necklace, by a chain of [(articles 
forming a soi’t of cuio ilinear qiiadi'angle; andtho.se (whicli are. in 
fact, the [larticles occnjiying tlie guard-cells of the stomates) arc 
arranged in pairs. Their form and aiTangcment arc peculiarly well 
seen under pohn-ised light, for whiidi the prepared epiderm is an 
extremely beautiful object; and it is asseited by Sir D. Brewsler 
(whose authorif.y upon tin's jioint lias been generally followed) licit 
i*ac]i .siliceous particle has a regular axis of double refraction. \Miat 
is u.sually designateil as the fructification of tlie Equisetaceie forms a 
cone or spike at the exti'emity of certain of tlie stem-like hranclic'' 
(the real stem being aMiorizontal rliizome) and consists of a cluster 
of sliield-like di.scs, each of which carries a circle of sporatiijcs or 
Spore-capsules, that open by longitudinal slits to set free the sporcy 
In addition to the spores each spnraiige contains a number of elastic 
filaments (fig. 523), called dat^rs. These are at first coiled up aroumi 
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ilie spore, in the jnanner rejn'esented at A. thouglj more cId^cIv 
applied to the .surface; but, on the liberation of tlie .sjiore, tliey ex- 
T(.[i<l themselves in the manner shown at B, the slightest application 
,il' iHui-sture, however, serving to make them close together (tln^ 
ji^i.-^tance which they atford in the dispersion of the spores being no 
longer required) wlien the si^res have alighted on a damp surfm^e. 
J f a uimiher of these s}K)res be spread out on a slip of glass under tlie 
iit'ld of view, and, whilst the observer watches them, a l)ystander 
tii'cathes gently upon the gla.ss, all the lilaments will lie instanta- 
iifoiisly put in motion, thus presenting an extremely curious spec- 
t;iclc. aial will almost as suddenly return to their previous condition 
^vlieti the effect of the moisture has passed off. If (me of the spovange.s 
whicii has opened, but has not discharged its spores, T)c mounted 
ill a cell with a movable cover, tins curious actioi\ m.ay be exhibited 
over and over again. These spores, like those of ferns, develop into a 
pi'othalliuiti ; and this beai's aiitherids and archegones, tlie former at 
the extremitiesof the lobes, and the latter in the a ngle.s between them. 

Xt^arly allied to Ferns, also, is a curious little gi‘oup of small 
Mfjuatic plants, the Rhizocarpese (or Pepper- worts), ‘wliieh either 
float on the surface or cree]) along shallow bottoms. These differ 



t'lo. 523.— Spores of Eq^ihetion^ with their elater:^. 

ti'oii! Kerns and Horse-tails in h;t\'iiig two kinds of spore, produced 
ill sc[iarat.e sporanges ; the larger, or ‘ megaspores,' giving origin to 
[irotliallia whicii produce archegones only ; and the smaller, or 
'micros pores,’ undergoing pi’ogressive subdivision, usually without 
the tbrmation of a distinct prothalliuin, each of the colls thus formed 
giving origin to an antherozoid. In this, as we shall presently see, 
there is a distinct foreshadowing of the mode in whicii tlie genera- 
tii'c process is performed in flowering plants, the ‘ microspore' cor- 
ivsponding to the pollen -grain, while the ‘ megaspore ’ may be con- 
sidered to represent the piimitii'c cell of the ovule. 

Another alliance of Ferns i.s to the Lycopodiace® (Club-mosses), 
!i group which at the present time attain.s a gi^eat dinelapmenl in 
"aviii climate.s, and which, it would seem, constituted a large part 
‘'t tile arborescent vegetation of the Carboniferous ('poeh. In the 
iimpOiUfiO' proper the sporaiige.s are all of one kind, and all the 
.'1« ires are of the same size, each, as in Ophioffhamm , giving origin 
tn a subteiTuneuiis protliallimii tiiat (U'vclops I>nth antherids and 
logon es. The plant which originates from the fertilised ‘germ- 
o'lb of the avchegone attains in colder climates only a moss-like 
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growth, with a oveepiiig stem usually branching dichotomously, n:,! 
imbricated leaves; but is distinguished from the true mosses, t, ,i 
only by its higher general organisation (which is on a level with hi,,* 
of ferns), but by the ebameter of its fructification, which is u (11,1,. 
shaped ’ spike,’ l)earing small imbricated leaves, in the axils of wlmh 
lie the s])oranges. The spores developed within these are remarkab!,- 
foi* the large quantity of oily matter they coiihiin, giving them .ni 
intlainmabilitv that causes their being used in theatres to produci* 
•artificial lightiiijig.' But in the allied groups of Sdagiadlmi and 
Tsoi'tfiiK there are (as in the I^hizocarpect^) two kinds of spore pm- 
ilncod in separate spoiunges ; one set producing ^ inegaspores,’ fn.Hn 
which archegone-bearing ]>rothallia arc developed, and the otiici- 
pio<bicing • niicrospores,’ which, by repeated subdivision, gi\ e oi iyin 
to antheroxoids witliout the formation of prothallia. It is a very 
interesting indication of a tendency towards the i)lianerogamic ( v]),- 
of sexual generation, that tlie prothallium in this group is (diietly 
developed inthht the sporange, forming a kind of ‘ endosperm,’ (mly 
the small part whicli projects from the ruptured apex of the spnm 
producing one or more archegones. The arlxmescent Lepidodeii<J m 
and Sigilldvkeoi the Coal-me.'isnres seem to have foiined connectin,^ 
links between tlie Vasetdar (J ryptogams and the Phanerogams, alike 
in tlie structure of their stems and in their fructification . For tin- 
Lepidostrohi or cone-like ‘ fruit ’ of these ti-ees represent the cluh 
shaped spikes of the J.jjcopodiacete ; and seem to have borne hnega- 
sjxires ’ in the sporanges of their basiil portion, and • mierospons 
in those of fbeii- upper part. Some of the best seams of coal apjicav 
to have been (diiefly foniu'd by the accnimilation of these hnega- 
sporcs,’ 


Thus, in onr ascent from the lower to the higher Cryptogam^, mv 
have seen a grailual change in tlie general plan of striK‘ture, bring- 
ini; theii* sn|iei*ior tv[ies into a close approximation to the fiowiahig 
jfijuit, which is undoubtedly the highest form of vegetation, bat 
we have everywhere encountered a mode of generation wliicli. 
whilst essentially the same throughout the series, is no less ('sseu- 
tially ilistinct from tJiat of the Phanerogiim, the fertilising material 
of tlie ‘ sperm-cells ’ being embodied, as it w^ere, in self-mo\-ing fila- 
ments, tlie antherozoids, which find their way to the ‘germ-cells by 
their own independent movements, and the ‘ embryo-cell ’ lieiiig 
destitute of that stove of prepared nutiiment whicli sui'voands it ia 
the true seed, and supplies the material for its early development. 
Tu the lower Cryptogams we hav^e seen tliat the fertilised oi>pi>n‘ 
is thrown at once upon tlie world, so to spak, to get its own living: 
but in ferns and their allies the ‘ embi-yo-cell ' is nurturtal for a 
wliile liy the jivothalliuni of the parent plant. While the tme 
reprftdncilon of the species is effected by the proper general i\e ni. 

the 7 iU(ltiplicatio/i of the indiridnal is accomplished by the prodacfiua 

and di.spersion of ‘ gonnlial ’ spores ; and this production, as we iia\< 
seen, takes place at very dilferent periods of existence in the Mwcia 
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oToiips, (lividiiig tlie life of cacli into two separate epochs, in whicli 
it presents itself under two very <listiiU‘t pliases that (contrast 
ivniarkably with each other. Thus, tlie fi-ond of Marclmdxa, 
t-vidved from the spore and })earing tlie antlierids and arcliegone.s^ 
is I hat wliich seems naturally to constitute tlie plant ; but that wliicli 
]-f]U-o.sents this phase in the ferns is the minute Mavcliantia-Wke 
jivothallium. In ferns, on the other hand, the product into which 
f]ie fertilised ‘ embryo-cell ' evolves itself is that which is commonlv 
irgarded as the plant ; and this is represented in the liverworts luul 
iiidsses hy the sporogone alone. ^ Wo .shall encounter a similar 
(li\ ersity (wliich has received the inappropriate <lesignation of ‘alter- 
niition of generations ’ ) in some of the lower forms of the animal 
kingdom. 

I For ]iiore detailed infoniiiition on tlie structure and classification of tlie Crypto- 
sriiins generally the reader is referred to Goebel’s OutUnes of Clmnificution and 
Morpholog]) Bary’s Conqwniiive Anatomij of the PhantroyomH 

,iH'l Fents, translations of both of 'ivhitli have been published by the Clarendon 
Press i and especially to Bennett and Itlurray’s Handbooh of Cri/piof/amic Botoiig, 
piiljlisliod by Longmans (London, 1880', ’ ' . 
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CHAPTER XI 

OF THE HfCnOSCOFIC STETJCTUIiE OF PHANEEOGAMIC FlAyiS 

Between the two gi‘eot divisions of the Vegetable Kingdom wliiOi 
are known as Cryptogamla and Phamrogamia the separation is ]!\ 
no means so abrupt as it formerly .seemed to be. For, as has lierii 
already shown, though the Cryptogamia were formerly reg-ar<led ,ts 
altogether non-sexiial, a true generative process, requiring tin* 
concurrence of male and female elements, is tmceable almost thromdi- 
out the series. And in the higher ty[)es of that series we ha^ R seen 
a foreshadowing of those provisions for the nurture of the feidilised 
embryo which constitute the distinctive charactci'S of tlie Plianero- 
gamia. On the other hand, although we are accustomed to s})eak of 
Phimeroguviia as ‘ flowering plants,’ yet not only are the conspicuous 
}*arts of the llowei* often wanting, but in the im[)oi‘taiit giou]) oi' 
(Pjnmosjyenns (including the Oonifera’ and Cyca(le,a) the essential 
parts of the generative apparatus are T-educed to a condition* closely 
approximating to tliat of the higher Ciypiogains. Tliere arc, how- 
ever, certain fundamental differences lietween the ino<les in which 
the act of fertilisation is performed in the two grou})s. For (1 ) 
whilst in all the higher Cryptogams it is in the condition of free- 
moving ‘ antherozoids ’ that the contents of the spei*m-cell find their 
way to the germ -cell, these are conveyed to it, tiu'ongiiout tin* 
phanerogamic series, l)y an extension of the lining membrane of tin* 
sperm-cell or pollen-grain into a tu.l;)e, which penetrates to the germ - 
cell, contained in the interior of tlie body cxdled the ovule,} Again 
(2), while the * germ-cell ’ or obsphere in the liigher Cryptogams h 
contained in a structure that originated in a spore detached from tin* 
[larent plant, it is not only formed and fertilised in all Phanerog:i]ti> 
whilst still borne on tlie parent fahri(‘, hut (continues for some time 
to draw from it tlie nutriment it requires for its development into the 

embryo. Ami at the time of its detachment from the parent the 

^ A very remai’kable aucl iiitere siting discovery, for which we are largely indeljted 
to the brilliant ohservatiuns of two Japanese botanists, Professoi's Ikeiio and Hirase, 
has recently throw'n great light on the approximation referred to by Dr, Car])Ciitoi' 
between the higher Cryptogamia and the lower Plianerogamia. It is now known 
that ill both the larger groups of Gym no sperms, the Conifera? and the C yen de.v, there 
are species iu which the fertilising body is a motile autlicrozoid formed witlnn a 
pollen-tube, thus eoiiibining the distinctive modes of fertilisation characteristk- ot 
the two great sections of the vegetable kingdom. As Dr. Carpenter does not iiicliidf ns 
his account of the ‘ ^[icroscopic Structure of Pliauerogamic Plants ’ a full descrjptioii 
of the mode of impregnation iu flowering plants, the reader is referred, for fiirthci 
details, to the most recent Text-books of Botany, or to the Summary of Ciirreid hc- 
searches in Botany in the Journal of thr R. Mlvyoscoyical tiocieig. — Eoitok.^ 
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iiiMtured ‘ seed ’ contains, not merely an embryo already ad\ anced 
;i t-onsiderable stage, but a stove of nutriment to serve for its further 
.Ifvelupnient during germination. As there is nothing parallel to 
this among Cryptogams, it may be said that repj-oduction by 
,i,)t the possession of flowers, is the distinctive character of Phanero- 
<riitiis. The ovules, which when fertilised and matured become seeds, 
art' developed from specially modifie<l leaves, whittli remain open in 
(I vuinospcrms, but which in all other Phanerogams fold together so 
a-< to enclose the ovules within an ovarjf, Eacli ovule consists of a: 
„,icdlns surrounded by integuvients whicli remain unclosed at the 
:i|tox, leaving open a short (filial termed the micropgie or ■ foramen.' 
One cell of tlie nucelliis undergoes great enlargement, and becomes 
tlie mihryo-scLC, whose cavity is filled, in the fii-st instance, with a 
iiuicilaginous fluid containing protoplasm. At the end of the 
(‘iiibryo-sac which lies nearest the inicropyle a germ -cell or o'osphere 
is developed ; in Augiosperms by free-cell -fonuatio]], but in 
Cymnosperins indi)*ectly after the formation of a ' coi-pnscle,’ whicli 
represents the arehegone of Selagraella. By a further process of 
iVee-ceU-furination the remainder of the cmbiyo-sac comes to he 
lilled with cells constituting what is teriiuMl the eudosperin ; and 
tins serves, like the prothallium of ferns, to imbibe and pi'eparc 
iiutvimeiit which is afterwards apjiropriated by the embryo. In 
many seeds (as those of the Legntninosu') the wdiole nutritive matei'ial 
Ilf the endosperm has been absorbeil into the cotyUdoas (oi- see<l- 
leave.s) of the embryo by the time tJiat the seed is fnllv niatui’ed and 
independent of tlie parent ; lint in other cases it lemains as a ‘ scjia- 
laie endosperm.’ In either ca.se it is taken into tlio substance of the 
embryo during its germination. 

Elementary Tissues. — Xo marked change shows itself in general 
organisation as we pass from the cryptogamic to tlie plianerogamifi 
series of plants. A large proportion of the fabric of even the 
most elaborately formed tree (including the parts mast actively con- 
cerned in living action) is made nji of components of the very same 
kind as those which comstitute the entire organisms of tlie simplest 
cryptogams. For, although the stems, branches, and i-oots of trees 
,nid shrubs are principally composed of (voody tissue, such as we do 
not meet with in any but the liighest Gryptoganis. yet the s[>ecial 
ollice of tliis is to afford mechanical support ; when it is once foi-med, 
it takes no further share in the vital economy than to serve for tlic 
couveyaiKte of fluid from the roots upwards through the stem and 
liianclies to the leaves: and even in these organs (in Kxogens or 
dicotyledons), not only the pith ami the cortex, with tlie ” meduilaiy 
rays,’ which serve to connect them, luit the ‘ cambium layer ’ inter- 
vening between tlie bark and the wood in which the periodical 
formation of the new layers both of lairk and wood takes jdace. are 
coiiiposed of celhdar substance. ’^Pbis tissue is found, in fact, 
wbeivver growth is taking place ; as, for example, in the growing 
points of tlie root-fibres, in the leaf-bnds and leaves. ;uid in the 
flower-buds and se.xual parts of the flow'er ; it is only when these 
organs attain an advanced stage of deMdopmej it tliat structure 
found in them ; its function (as in the stem) being merely to give 



686 MICROSCOPIC STRUCTURE OF PHANEROCtAMIC PLANTS 

support to their sc/ter textures ; and the small proportion of tl..:,. 
substance which it forms is at once seen in those beautiful ‘ skeletrr;. ‘ 
which, by a, little skill a nd -perseverance, may be made of le;uv.. 
dowers, and (-ei-tain fruits. All the softer and more pulpy tis.iiM 

of these organs is coiii- 
posed of celh^ more w 
compactly aggrogaled to- 
gether, and having 
that approximate more * if 
less closely to the glolai 
lar or ovoitlal, wliicli mm- 
be considei'ed a.s Tiuh- 
oi'iginal type, 

A.S a general ruh'. tin- 
rounded .shape is [ne- 
served only when tJiecelh 
are but loosely aggre- 
gated, as in thoparc-ndiy 
inatons (nr 1 >o1{)y) sale 
stance of lea’^es, wim-li 
often forms a distinct 
layer known as tlie 
“ spongy parenchyiiK- 
immediately heuealli tin- 
epiderm of the npi>er sin - 
face (fig. o24) ; and it i.s tlien mily that the di.stiiictne.ss of tlicir 
walls becomes evident. When tlie tissue liecomes more .solid, rlu- 
.sides of the vesicles are jiressed against each other, so as to liattci; 



Fio. r)24— Section of tenf of Agnor, treated with 
dilate nitric lu-ld, showing the protoplasmic con- 
tents contracted in the interior of the cells ; a, 
eidtlGmial cells ft, guard-cells of the stoniatc ; 

cells of parenchynie ; <1, their protoplasmic 
contents. 




Fio r)2;1 ■-Sc<-ti<»ns of cclhilar pareneliynie of AyaJia, or rice-paper ptot 
A,' trail SYC-rsely to the axis of the stem; B, in the direction of the ax 

tlieiii aiirl to I'l'inji' tliem into dose iip|)o.sition, and then tlie ooiw- 
of adjacent cells' are sei«i>itecl liT a single partition 
iiuentiv it happens that tlie pres-siiro is exerted more _ ,, 

than ill .another, so that the form presented liy tlie outline oi i 
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\ allies according to the direction in which the section is made. This 
j. well shown in tJie j)it}t of the young shoots of elder, lilac, or otlier 
i iipidly growingtreesjthecellsof which, when cut transversely, gene- 
, ;,ily exhibit circular outlines ; whilst, wluui the section is made vorti- 
i.,iUy, their borders are .straight, so as to make tlieni appear like 
(lilies or elongaterl prism, s, as in fig, 524. A i ery good example of 
viK'h a cellular }»arenchyme is to be found in the substance known as 
♦lice paper/ which is made by cutting the lierbaceon.s stem of a 
Uhinese plant termed Aralia papynfrm vertically round and round 
w itli a long sharp knife, so that its tissues may be (as it w ere) unrolleil 
in a sheet. The sha[)e of its cells when thus prejiared is iiTegularly 
|irisinatic, as shown in fig. 525, B ; Imt ifthe stem he cut transvei’sely, 
their outlines are seen to lie circular or nearly so (A). When, as 
iifteii happens, the (‘ells have a very elongated form, this elongation 
is in the direction nftlieii' gi‘OW'th, wdiich is that, of course, w’herein 
there is leu.st resistance. Hence their greatest length is nearly 
always in tlie direction of the axis ; but there is one remarkable 
exception, that, namely, wdiich is afforded liy the * medullary rays ' 
(if exogenous .stems, whose (‘ells are greatly elongated in the horizontal 
direction (fig. 547, (t), their growth being from the centre of the stem 
toward.s its circumference. It is obvious that fluids will be more 
L'eadilv transmitteil in the direction of greatest elongation, being that 
ill which they will liave to pass through the least numlier of pai+i- 
tioiis ; and wliil.st their ordinary course is in the direction of the lenyth 
of the roots, stems, or liranchcs, they will be cnahicd by means of the 
iiiedullarv ra\ s to find their wa\' in the dii'ection. One 


of the nfio.st cui'ious varieties of 
form w'hicli vegetal de cells pre- 
sent is the stellate cell, re[>re- 
seiiied in fig. 52(5. forming the 
s [>ongy pare nc 1 1 \'ma tons substa nee 
in the .stems of many a^juatic 
]dants, of tli(‘ rush for example, 
whicli are furiiislied with air- 
spaces. In other instances these 
air-spaces are large ca\'ities which 
are altogether left void of tis.sue : 
Midi is the cu.se in Xnphar lutea 
(tlie yellow w;iter-lily). the foot- 
stalks of whose leaves contain 



Fifi. — Sci'tioii of stellate 

parenchyiue of I'usli. 

rge air-chambers, the walls of 


which are built up of \ ery regular ciihi(‘al cells, wliilst some curiously 
fonned large stellate cells project into the cavity which they bound 
(lig. 527). T’he dimension.s of the component vesicles of cellular tissue 
arc extremeh' variable; for although their diameter is very com - 
tiiouly between of 'Oi inch, they occa.sionally mea- 

sure as much as -./i,th of aji inch across, whilst in other in.stances 


llicy are not more than 

The cells nf a growing tis.sue are ahvays formed, as we have seen, 
by cell -division, that is, by the formation of cellulosi* walls across 
cells previous! in existence. Tlie original cell- wall must therefore 
always be single. It is oiilv in older t]ii(‘k-walled cells that a line of 
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rlemai‘c;ition hcH^omes obviimss iji the form of an intemediiitelauK.ji:, 
at one time ealltMl ‘ intercellular substance/ and su])pose(I to he .•* 
distinct structure, but now shown to be the result merely of a dill;-, 
eiice in density or molecular structure of the cell-walls (lurin|,r tir.-ir 
thickening. This layer very ficquently ultimately assumes a una i 
lagiiious character. Wliere cells ha^’e a rounrled outline, it is 
f)hvious that intercdiidar spaces must exist between them ; ami as 
the tissue develops, these spaces often incimse greatly in size. Tli,-\- 
are called Hchir.oyeitons if formed simply by the parting of cells 
one .'HiotliHr; h/sigenoits if resulting from the disappearance 
absorption of cells. Recent observations Imve .shown that the wall 
of intercellular space.s is frequently clothed with a lining of proto- 
[dasin. There are many forms of fully developed cellnlai' jtarete 
chyme, in wliich, in consetpience of the loose aggi'egation of tlieii- 
coiiiponeiit cells, these may he readily isolated, so as to he p)-e|.arn] 
for separate e.xaiiiination witliout 

' ‘ the vise of reagents which alici- 

their condition ; tiiis is the ca.-c 
with the pulp of ripe friiiT.<. 
such as tlie strawherry or cm-iviiu 
(the snowberi'V is a pirticnlarly 
favourable subject for this kiml 
of examination), and with the 
pai'enchvme of many fleshy leaves. 
Slid I as those of the carnation 
[/)iarit/fiis cart/ophyUns) or tlie 
1 London pride {Sasdfmyn '/ic- 

1 hrosa). Such cells usually eoii- 

taiii evident aacki wliidi aie 
1 1 1 L-i led I >1' o\\ni si 1 y el lo w by ioi 1 i 1 1 e. 
whilst their membrane is only 
,, ,, ,, turned jiale yellow, and in diis 

wav the uiideus mav lie brondit 

stelUte cells, from petiole of Nephn- ''^^w when, as otten hiqpen.s. 

lufea. it is not previously distingiiisli- 

able. If a ih;o[> of tlie iodiseil 
solution of chloi'ideof zinc bo subsequently mided, tlic eell -membrane 
becomes of a beautiful blue colour, wdiilst the nucleus and the graiui- 
lac [irotoplasm that siuTounds it retain their lu'owiiish-yellow tint. 
The u.se of dilute nitric or sulphuric acid, of alcoliol, of .syrup, or d 
several othei' reagents, serves to bring into view the ‘ {primordial or 
parietal atckle, its contents being made to coagulate and shrink, mi 
that it detaches itself from the cellulose wall witli wbidi it is ordi- 


narily in contact, and shrivels u{) within its cavity, as siiown in 
fig. ;V 24 . It would be a mistake, however, to regard this as a distinct 
membrane ; for it is nothing else than the [leripheral layer of {iv'to- 
plasm, naturally soiuewhat moi'e dense than that wliicli it inc]ude>. 
hut passing into it by insensible gradations. 

It i.s {U'ohahle that all cells, at some stage or other of thrii- 
growtlp exhibit, in a gi'eater or less degree of intensity, tliat envious 
movement of ctjclosis which has been ah'Cady d(>, scribed as oocm ving 
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ill the Ch/iracece (see p. 564), and wliicli consists in the steady flow 
4 ,i‘oneor<jf several currents of protoplasm over the inner wall of 
tise cell, this being rendered apparent l)y the movement of the 
jurticles which the current carries along with it. The best exam- 
|,]os of it are found among snlmierged plants, iu tlie cells of which it 
(• .iitiniies for a much longer period than it u.snally does el.sew’here ; 
mill among these are two, Vallisneria spiralis and Anackms ahi- 
it islrinii (or Elodea canadeiisis), wliieii are [)eculiavly fitted for tlie 
(•xhihition of this interesting phenomenon. Vallisticria i.s an aquatic 
[ilant that grows abundantly in the livers of the soutli of Europe, 
I, tit is not a native of thi.s country ; it may. however, lie readilv 
^rrnwn in a. tall glass jar li:i\iiig at the liottum a couple of inclie.s of 
niiuild. which, after the roots have been inserted into it, should lie 
(.•Idsely pres.sed down, the jar being then fille<l with water, of whicii 
a portion slionld la? occasioutdly changed^ The jar should be freelv 
exposed to light, and should lie kept in as warm but equable a tein- 
poratnre a.s possible. The long grass -like leaves of this plant are too 
tliick to allow’ the transniissiou of suilicieiit ligiit (lirougli them for 
tlie purpo.se of lids observation, and it is requisite to make a thin 
stiee or .slmving with a sharp knife. If this be taken from tlie 
siiiiiice, so that the section eiiiefly consists of tlie superfi(ial l.aver of 
cells, these w ill be foiuul t,o be small, and the jiartieles of ehlorophvl}. 
ihoiigli ill great abundance, Avill rarely lie seen in motion. Tin's 
layer should tiierefoi'e be sliced off (or perhaps still better, scraped 
away) so as to laing into view the dee])er layer, whicdi eoiisi.sts of 
larger cells, same of tliem greatly elongated, w ith ]iarti(“h\s of (-bloro 
phyll in smaller number, but ftiriied along in active laitatioii Iw the 
ciiricnt of protoplasm ; and it will often he noticed that the direr 
tiiiiis of the rotation in contigiioii.s cells are opposite. If the mtwe 
itamt (as i.s generall}' the case) he checked by the shock of (lie 
Iteration, it will he revived again hy gentle warmth; and it niav 
ciiiitiinu' nndin- favonralile cirenmstances, in the separated fragment, 
tor a period of weeks, or even of inoiiths. lienee, wiien it is desired 
to exhibit the plieiioim'non. the preferable nietlioil is to ]ire|iare tin* 
sections a little time before they are likelv to he wanled. and to 
earry them in a small vial of water in tlie waistcoat [locket. so tliat 
tlicy may receive the gentle and continuous warmth of the ImxIv. 
In summer, when the plant is in its iiio.st vigorous .state of growlli. 
tile section may he taken from any one of tlie leaves; but in winter 
it is preferable to select tliosc which are a little yellow. An ohjec- 
iiv(‘ of ] -inch focits will serve for tlie observation of tliis interesting 
iheiioiiicnon, and very little more can he seen with a ^-inch ; hut 
the _,'.-inch cimstrncted hy Mcssi-s, Tow-ell and Jjealand mm hies the 
i'i'iders of tlie protoplasmic current, which carries along the 
jorticles of chlorophyll, to lie distinctly defined ; and this Ixauitiful 

' -Mr, Qiioketl foutiil it (tio nirjsl. coin ciiiciit method of chiiiigiiij; llie vviitcr in tUc 
ail's ill uiiich Vhara^ VaU'micria, X’c., are growing, to iilace them occasion ally niulor 
ii '>vatcr-tiip, and allow a very gonilo st.n'iiiii io fall into Unan for sonic luuirs; for by 
die iirolonged overflow thus occa'sionod all the iiiiitiire water, with the Vorfvrva that 
s apt to grow on the sides of the vessel, may be I'eadily got rid of. 
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phciioiucnon may he. most luxuriously watdied under their pio, ; r 
l)inocular, 

Anacharh alsitiastnm is a water- weed which, having been .u . i- 
deiitally introduced into this country many years ago, lias 
spread itself with such rajmlit.y thi'ough our canals and rivers as ia 
many instances Meriously to impede their navigation. It does isii 
vecpiire to root itself in the bottom, but floats in any partof the wsti-c 
it inhabits ; and it is so tenacious of life that even small fragim ut^ 
are sufficient for the origination of new plants. The leaves have u,, 
distinct epidenn, but are for the most part compixsed of two lavcis of 
cells, and these are elongated and colourless in the centre, foniiimr n 
kind of midrib ; towards the margins of the leaves, however, tlieir iV 
but a single layer, Hence no preparation whatever is required foi the 
exhibition of this interesting pheiiomenoii, all that is Meces,saiT bciiiy 
to take a leaf from the .stem (one of the older yellowish leavi^s bi'iuir 
preferable), and to [ilace it, with a <lrop of water, either in the jhjuh'- 
tic box or on a slip of glass beneath a thin glass cn\er. A hii>lie)' 
luaguifying power is required, iiowcA'cr, than that which snffico.s foi- 
the examination of the eyclosis in Ohara or in I tlie -Liiub 

object-glass being here preferable to the j-inch, and the assist- 
ance of tlie achromatic; condenser being desirable. With this aiiipli- 
ficatinn the phenomenon may be best studied in the single l.avev of 
marginal cells, althongh, when a lower power is used, it is mosj evi- 
dent in the elongated cells forming the central portion of the leaf. 
The niimher of chlorophyll-giunules in eacli cell varies from tlireeoi- 
four to Lipwaj’ds of fifty; they are somewhat iiTegular in shape, some 
l)eiiig nearly circular flattened discs, whilst others are oval ; ami 
they are nsually from TfijoTylh to f>f an incli in diauietei-. 

When the rotation is active the gi'eater nund)er of these granules 
travel round the margin of the cells, a few, however, remaining fixed 
in the ceuti-e ; their rate of movement, though only of an iiicli 
per minute, being .sufficient to carry them several times round tlm 
cell within that j)eri()d. As in the case of VallOnrria, the motion 
may frequently be observed to take place in opposite directions 
in contiguous colls. The thickuess of the layer of jmotopla.sm in 
which the gisiiuiles are cairied round is estimated by Mr. Wcjdiam 
at no more than Tq-, inch. When high powers and 
careful illumination are employed, delicate ripples may be seen in tlic 
pi-otoplasmic currents. ^ 

Cyclosis, liowever, is by no means restricted to .submerged plants : 
for it ha.s been witnessed by numerous observers in so great a \-anety 
of otber spe(;ies that it may fairly be pre.sumed to be universal. It is 
especially observable in the hairs of the epidermal surlace. Such 
Jiairs are furnished by various ])arts of plants; aiid what is chictly 
necessary is that the part from w}u(;h the hair is gathered should Iw* 
in a. state of c igorous growth. The hairs should be detached h} 
tearing oil' with a piir of fine pointed forceps the [)ortion ol tlie 
epidenn from which they spring, Citre being tnkeu not to gras]* tlm 
hair itself, wherel')y such an injury would be done to it as t** clicvh 
the movement within it. The apochrornatic hair siiould tlicn h<‘ 
^ Qnnrf. Joifru. of Microsr. Sciencfif vol. iii. (18i5i>h ?• 
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pi with a drop of water under thin gLis« ; and it will generally 
!„. found advantageous to use a ^-inch with the 12 or the 18 eve"- 
p^.-c-e objeetive wdth an achroiimtie condenser. The nature ‘ of 
ti,:‘ movement in tlie hairs of different species is far from being 
ii!:iforiih In some instances, the currents pass in single lines 
the entire length of the cells, ^ls in the hairs from the filaments 
,.[ Trudescantia, vinjinmi, or Virginian sjdderwort (fig. 528, A); in 
, ,1 hers there ai-esevei-al such cnr- 


ivii(s which retain their distiiict- 
iu‘<s. as in the jointed hairs of the 
calyx of the same plant (B) ; in 
lit hers, again, the .streams coalasce 
into a network, the reticulations 
<if which change their position at 
vliitrl intervals, as in tlie hairs of 
(dnifcitim Inteam ; wldlst there 
;tn" cases in whicli tlie current 
flfiws in a slugglsli uniformly 
iiiKving slieet or layci'. Wliere 
Moerai distinct currents (‘xist in 
Dne eel], they are all found to 
have one common point of depar- 
nire and return, namely, the 
mirkm (11 «), from wliieli it 
sci'iiis fairly to l)e inferred that 
this 1)ody is the centre of the 
vibd activity of the cell. In all 
cases in whieli tlm cyclosis is 
seen in tlie hairs of a plant, the 
(v\U of the epiderm also display 
it. provi<led that their walls are 
iiul so opaque or so stronglv 
iiiaiked as to prevent the move- 
ment from being distiiiguislied. 
the ejndcrm may be most readily 
Torn off from the stalk or tlic 
miilrih of the leaf, and must 
then he examined as speedily as 
possible, since it loses its vitaliti’ 
"hen tluis detached much sooner 
tlian do the hairs. Even when 
Tin obvious movement of particles 
to be soeii, the existence of 



Frn. 528. Rotation of fluid in hairs of 
Tradesenntin A, porting of 

epiderm with hair attached ; a, c, 
successive cells of the hair ; <7, cells of 
the epiderm ; e, stomute, B, joints of a 
headed hair showing several rnrrciits ; 
a, nucleus. 


a cyclosis may be concluded from the peculiar arrangement of the 
laoletailes of the protoplasm, which are remarkable for their high 
lefiactivc power, and which, when arranged in a ‘ moving train,’ 
'Tpear as bright lines aciuss the cell; and these lines, on being 
otrcfully watched, are seen to alter their rclatixe positions, Tlio 
fttl of the common Plontayo (plantain) furnislie.s an excellent example 
*'f cyclosis, the movement being distinguishable at the same time 
*otli in the cells and in the hairs of the epiderm torn b’om its stalk 
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or niidi'il). It is a curious ciicumstance that when a. plant wlij, 
exhibits the cvclosis is ke])t in a cold dark place for one oj. t 
(lavs, not only is the movement suspended, but the moving pio tirt 
collect together in little heaps, which swe broken u]) again by 
sepai-ate motion of their particdes when the stimulus of light :,!i 
wai’inth occasions a renewal of the activity. It is well to collect lii 


A li 



I'ro, 52i). -Tissue of the testa or seed-coat 
of star-anise: A, as seen In section; 
"R, ;\s seen on tlie surface. 


specimens about midday, tku 
being the time when the rotai i< ,i 1 
is most active, and the ni(i\c- 
ment is usually (piickencd b\- 
iii-tificial warmth, which, inili'cl. 
is a. neces.'^avy condition iu Mimr 
instauees to its being seen at all 
The mo.st com enieut uiethiHi of 
applying this warmth, wliilc the 
object is on the stage of tii.- 
microscope, is to lilow a str(‘:i)n 
of air upon the thin glas- rover 
through a glass or uuTal tnli.- 
previously heated in a .''jtiriT- 
lanip. 

The. walls of the cells of 


]>lants are fretpieutly thickened by deposits, wlikk are first foniinl 
on the iTuier surface, and which may ])resent very diffei-ent apitcar 
aiices according to the maimer in wlii(“h tliey are aiTanged. hi 



Fic. r>,S0. Section of cht'l'rv-^ton(■, h'lo. .I:!!, Section of cDijitili i 

cutting tlie ccTla tiiiusversely. nut in the direction nl' iln 

long (liuiiieter of tin* ecu'-. 


its simplest condition such a de[)(i'it forins a tliin unifonii laici' 
(uer tile wlioltuntevnal suilaceof the cellulose wall, scarcely dctiac' - 
ingatall from its ti'ansjiarency, and chiefiy (Ustiiiguisbahlc lie fli-' 
'dotted ' apjiearaiKX' wliich tht' ineiiibraiu' I lien pivstaits (jig. -cT'.A). 
These dots, iiowever. are not jiore-s. as their as|>ect niigbt iiatmallv 
.suggest, but are merely points at wliicli the deposit is wanting. >•> 
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tlie in'igin/il cell-wall tliere reiiiairis untliickened. A more 
,..ii,{,leto consolidation of cellnlav tissiu- is effected ])y <lep<)sits 
.<dei'0(jen (a sulistance which, wlieii s('pai';ited from the resinous 
;ui>l othc)' matters that are commonly associated \\'ith it, is found 
1.^ he allied in chemical compositicm tf) cellulose) in successive 
l;(v.*rs. (Uie witliin another (fig. o 2 l). A), winch jiresent thcm- 
sr'lws as concentric rings when the cells containing them a)-e cut 
fia-aigh: and these layers are sometimes so thick and numerous 
:t- .-(hiiost to obliterate the original ca^•ity of the cell. Such a tissue 
is known as ^derehch/inA 01 sclerenchymat(ms tissn(^ it\- a con- 
tinuance of the same annngement as tliat wliich sIiom’s itself in tlie 
viiiule layei- of the dotted cell-- each deposit being deficient at certain 
ihiints. and these points eoiTCsponding with each otlier in thesucces- 
>iv(‘ layers — a series of passages is left, by which tiie ca\ itv rtf the 
(vll is cxtetided at some points to its menihranons wall ; and it 
;• ijiimonly hap[)eiis that tlie points at which tlie deposit is t\antiiig 
i,ii the walls of the ctmtignous cells are coincident, so that the 
mcitilji'anons pavtitirni is the only obstacle to tlie connimnication 
iiL-lweeii theii‘ cavities (figs. 029 - 5 : 11 ). It is of such tissue that 
rli(‘ ‘stones' (jf stone-fruit, the gritty suhstaiice which siirroumls tlu- 
M'cils and forms little hard points in tlie llesliy substance of the pear, 
till- shell of the cocoa-nut, and the endo.sperm of the seed of /Vo/i- 
(known as -vegetable ivory') are made up; and we see tlie 
of this very curious arrangement in permitting the cells, eviai 
utter they ]ia\-e attained a consideralde degree of eonsoliflation. 
>rill to remain permeable to tlie finiil required foi' tlm nutrition of 
dll- parts which such tissue encloses and protects. 

I'he deposit sometimes assumes, however, the form of definite 
/M/V'v. whii'h lie eoileil up on the inner 
surface of the eidls, so as to form a single, 
a iloidile. (fi- e\eii a triple or quadnqile 
'l'ire(fig. o.'UI). Such spiral rdls are found 
alnindaiitly in the leaves of certain orehi- 
ilaci-mis [ilaiits, Immediately beneath the 
t|iidenii. where tliey are hroiiglit into 
\icw by vertical .seetious: and they mav 
lie obtained in an isolated state Ivy inaee- 
l ating the leaf and peeling offfthe epidei'iii 
"oasto exjiose the laver beneath, which is 
llieii easily se])arated into its components, 
ill all orchidaceous plant named davtvla- 
dm III (jattatain the spiral cells are nnusu 
ally long, and have spires winding in op})Osite directions, so that ivy 
tlii-ir mntnal iiiterseetion a series of diamoiid-sliaped markings is pro- 
'I'lci-d. Sjiiral cells are often found upon the surface of the testa or 
outer eoatof seeds ; and in (follouiln ijraitdljiora, Sulria- rrrhenaca- 
(will! elaiy). and some other plants, the memhrane of those 
(vlls is so weak, and the elasticity of their fibres so great, that 
«lien the meiulmuu' is softened by tlie action of water the fibres 
suddenly uncoil and elongate tJiemselvos (fig. o.'ftl). springing out. 
a-’ it were, from the surface of the seed, to whicli tliey give a 



Fie. 'to'i,— cells of leaf 
of Oncidiuiit. 
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peculiar floccnient jippeai-aiK'e. This very curious phenoiiieiiou i , v 
he host observed in the following maimer: — A very tliin ti .i,.*. 
verse slice of tlie seed should first be cut, and laid upon tlie ji vu r 
ghiss of the aquatic box : tlr* <• .v..|- 
.V £ should then be pressed il,,v, ij 

and tlie box jdaced upon -hi' 
stage, so that tlie microseo|>(‘ m.iv 
be exactly focussed to the nlil.Hi 
the power employed beini; Tin- 
l-inch, |-liic}i, or 4-iiieh. Thi- 
cover of the aquatic- box ln-in:,- 
then removed, a small drop 
water should be placed ou tliru 
])iirt of its internal surfao^ wit]) 
which the slice of tlie seed laid Ix-cn 
ill contact; and the cover l-fiitir 
replaced, the object should lie iijh 
mediately looked at. It is im- 
poi’tent that the slice of tlic sccil 
should be very thin, for two 
reasons : first, that the viow of 
the spirals uiay not be confuM-il 
by their aggregation in too great numbers ; and second, t liar tln' 
dro]) of water shonld lie held in its place by capillary attrartinn. 
iu.steail of lainning down and leaving the object, as it will do if flu- 
glasses be too widely separated. 

In some part or other of most, plants we meet with colls cniit.-dn- 
ing granules of stareJi^ which- specially abound in the tubers ot tlic 
potato and in the seeds of cereals. Stardi-grains are oiiginally 
formed in the inteiior of chlorophyll-corpuscles, and t herefore witliin 
the protoplasm-layer of the cell; but as they increa.se in si/.i-. tlie 
|)rotop]asm-layer thins it.self out as a mere covering film, and at last 
almost entirely di.sappears. So long as the starcli-grains ivinnin 
imbedded in the protoplasm -layer, they continue to grow ; but wlicii 
they accumulate so as to occ'upy the cell-cavity, tlieir growth stnjis. 


■33 ' 


Spiral fibres of seed-coat of 
Collomia. 



Fio. 034,- Cells of peony filled Fig. o 35.- -Grannies of siiin-li u? 

with starch. seen under polarisetl liglit. 

They are sometime.s minute and very numerous, and so clo.-'cly 
packed as to fill tlie cell-cavity {fig. 534) ; in other instances tlicy 
are of much larger dimetisions, so that tmly a comparatively sinal 
number of them are included in any one cell ; while in "tlicr 
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, (ses, agaii], they are both few and minute, so tliat they form but 
a small pro{X)rtion of the cell -contents. Their nature is at once 
.ictected by the achUtioii of a solution of iodine, whicli give.s them a 
lirnutifiil blue colour. Each gi'anule when highly magnified exhibits 
a [)eculinr spot, termed the hihm, round wliicli are seen a .set of 
circular line<s that are for tlie most pirt concentric (or nearly so) 
with it. When viewed hy polarised light each' gi-ain exhibits a dark 
(-v((ss, the point of intersection being at the hilum (fig. 585 ) ; ami 
w hen a selenite plate is iiitei'posed tlie cross ijocomes beautifully 
(•(iloured. Opinioms have been very much divi<led regarding the 
internal structure of tlie starc.h-giain, but the doctrine of Xiigeli 
that it i.s com])osed of successive layers which increase by ' intus-- 
>iisceptioii,’ that is, hy the intercalation of fre.sh molecules of .starch 
between those already in exi.stencc, is favoured by many authorities, 
tin lugh the alternative theory of formation by the ‘ ap|x>sitioii ' o(' 
successive layers also has many advocates. These layers differ in 
tlu'ii* proportion of water, the outermost layer, which is the ino.st 
solid, having within it a watery layer, this, again, being succeeded 
by a. firm layer, N\ hich is followed by a watery layer, and so on. the 
proportion of water increasing towards the centre in bo 111 kind.'^ of 
lavei-, ami attaining its maximum in tlie innermost [lart of the 
grain, where the formation of new layers takes place, causing the 
dimension of the older ones. Although the dimensions of the 
starch-grains produced by any one species of plant are by no means 
constiint, yet there is a certain average for each, from which none 
of them depart very widely ; and hy reference to this average tlie 
starch-grains of different plants that yield this product in abundance 
may be microscopically di.stingnisbe(l from one another — a eircum- 
slaiice of considerable importance in commerce. The largest starcli- 
ginhis ill common u.se are tiiose of the plant (a species of Cannn) 
known as ‘ tous-les-mois.' Tlie average diameter of those of the 
ptato i.s about the same as the iliameter of tlie smallest of tlie 
‘ tou.s-les-moi.s,’ and the size of tlie ordinary stareh-gmius of w’heat 
and of sago is about the same as that of the siualle.st grains of 
potato-starch ; wliilst the gianules of rice-starch are so very minute 
as to be at once distinguishable from any of the preceding. 

Ill certain plants, especially those lielonging to parti (*ular natural 
orders, the stem, leaves, and other pnits arc permeated by long 
branched tubes, constituting the hdkif^’rous tissue. The elements 
of this tissue may be either gi-eatly enlarged prosenehymatous cells 
01- true vessels. In either case they contain a copious milky-white 
or coloured juice, the late.'c., which exudes freely when the pai't con- 
taining it is wounded, and dries rapidly on exposure. The chemical 
coiii[iosition of the latex varies ; it may coutaiu in solution powerful 
:dkaloids, as in the case of the opium-poppy, or gum -re, sins. Caou- 
tclimu; and gutta-percha are the dried latex of tropical trees and 
sliruhs belonging to several natural orders. Good examples of lati- 
riferoua tissue are furnished by the Tapavcraceie, of which our 
fominoii field-ixippy is an example, many Compositai such as the 
dandelion and lettuce, Convolvulaceie, Euphorhiaceje or spurges, 
Apocyiiacem, Aloracese including the mulberry ticc. 
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Deposits of niineral matter in 11 crystnllino condition, known 
t'aphi(Us^ are not iinfrequently found in vegetable cells, where t];.- 
are at once lirouglit into view by the use of polarised light. TliciV 
designation (derived from !i needle) is very appropriate to n-,,. 
<tf the most commoii states in which these bodies present theinseh.'s: 
tliat, namely, of bundles of needle-like crystals, lying .si<le bv .■^idi- ',]] 
the cavity of the c,ells ; such bundles a]‘e well seen in the (‘ells Ivin"’ 
iimiiediately beneath Die epiderin of the hull) of the modicin:d 
scpiill. It doe.s not ajiply, howei’er, to otliei* forms whirl) m-.. 
.scarcely less abundant; thus, in.stoad of bundles of minute nei'dlc, 
.single large crystals, octahedral or jn-ismatic, are freipientiv du.t 
with, and the prismatic crystals are often aggri'gated in l>e;iutifiil 
.'<telhate grou[ts. The most comnion material of these crvstals is 
oxalate of lime, which is generally found in the stellate form; aiid iiu 
plant yields the.se stellate raphides so abundantly as tla^ coimnoii 
rhnbarl), the Lest specimens of the dry inediciiial I'oot contaiuinir i> 
imich as do per cent, of them. Jn the epiderm of the Inilb of tin* 
(tnion the same material occurs in the octahedral or the )si-isiii;)t!c 
form. Ill othei’ instances, the calcareous bas(“ is combined uith 
tartaric, (‘itric, or malic acid ; the aciciilar raphides consist iiluinvi 
in\'arial)ly of oxalate of lime. Soiih^ rapliides aT»‘ as long .as 
an inch, while otlu'rs iimasuro no more than j ,(„th. Tiiey oenir in .-dl 
parts of ])lants — the wood, pith, bai'k, root, leaves, sti}>iiles. 
petals, fruit, and even in the ])nllen. They are always situated in 
cells. ;iii<l not in the iutercellnlae pas.sjiges ; tin' eell-niemhr.aiie. Ihai - 
ever, is often .so mucli thinned a^^ay as to be scariady distingaisii 
able. Certain ]>lants of the' do.cttis tiahe, when aged. Jiave tln-ii 
tissue.s so loaded wutli raphides as to he(‘onie ipiite brittle, so that 
wlu'ii SOUK' large specimens of C. M'nUis. s;iid to be a tliousaml vt*;ns 
old. weri' sent to ivew dardens from Soutli Auiei'i(*a. sniia* veins 
sinet'. it was fouml necessary for tlu'ir jireservation during ti'an>pei'i 
to pack tliem in cotton like jewellery. Itaphiiles iire proliably to In- 
considered as nuii-esseutial results of tlie vegetativi' pi'Oces.ses. being 
for the most part produced by tlie uiiioii of organic at'ids gem-rat cil 
in tlie plant with mineral basc's imbibed by it from tiu' soil, 'flie 
late IMr. E. Quekelt .succeeded in artiiicially producing r.-ijibides 
within tlu' cells of i'i(‘e-[iaper, liy fi)‘st filling these witl) liiiK'-walci- 
by means of tlie aii‘'pu)n|>. and llien placing tlie papei* in weak 
solutions of plio.sphoric and oxalic acids. The artificial i-a])])ides of 
phosphate of lime were rhombohedral ; while thost' of oxalai)* of 
Him' wt'i't' stellate, exactly rt'seinbling tlie natural rajiliidcs of the 
rhubarb. Eesides the structuri's already mentioned asahbrdinggoinl 
illustrations of different kinds of rapliides, may be mentioned tlu- 
jiarenchyme of tlie leaf of Atjavp., Aloe^ E ncephnlHi'Ut^. Ac.; 

the epiderm of tin* bulb of the liyatantli, tulip, and garlic ; tlie bark '>t 
tlie apple. ^Aimtr’dla, (J'invhona, lime, locust, and many other ti‘ees: the 
pith and th(‘ testa of the seeds of ,1 napalUs and the elm. 

A large proportion of the denser paifs of the fabric* of the liighci- 
plant.s is made up of the .substance wliieli is known as iroodtj jA-rp nr 
prosenchymatous tissue. This, however, can only be regarded as a 
variety of cellular tissue; for it is composed of peculiarly oleiigatcil 
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^vlls (lig. usually poiiited at tlieiv two extremities so as to 
ln.‘COiuo spiiidle-sliapetl, whose walls ]ia\'e a S})e(*ial U'^ndency to 
mulergo cousolidatioi) by the internal deposit of sclerogen. Jt is 
obvious that a tissue consisting of eloiigated cells, adhoj'eut together 
I iv their entire length, and strengthened by internal deposit, must 
[I'ossess iini(‘h greater tenacity tlian any tissue in which the cells 
vlcpart. but little from tlie primitive spherical ibrm ; (Uid we aecoril- 
iiigly liiid woody tihre ]>resent wherever it is requisite that the fabric 
diould possess nut merely density, but tlie power of resistance to 
tension. Ill the higlK'r classes of the vegetalde kitigdoni it consti- 
tutes tlie chief part of the stem and hranches, where these luive a 
linn and durable character ; tind even in more temporary structures, 
Mich as the herhaceous stems of annual jdants, and the h'uves and 
flowers of almost every ti'ihe. this tissue fot'iiis a more or less iniport- 
Miit eimstitiient, being especially found in the neigiiboiu'linod of the 
Njiiral v essels and duets, to which it affords jiroteetion and support, 
Hence the bundles (tf faseieiili composed of tliese elements, wliich 
form the ■ veins of leaves, and which give ’ .stvinginess ' to various 
esculent vegetaldo substances, are coiiniionlv known under the 
name of fthi'o-nmuilai' tissue. In their young and uneonso!i»lated 
>tate tlie woody cells seem to eonduet fluids with great faeilitv in 
the direction of their length; and in the i'antfru', whose sttaus and 
uraiiches ari' destitute of duels, thev afford tln^ sole channel for tlie 
uM-ent of the sap. jihro cancidar IntuJks. w liieh aie the chief 

>Treiigthening eleiiient.s of .sucli organs as the stem. Inanehes. leaf- 
>t;dks. flower-stalks. lyc., are, in the higlier 
plants. steucTures of (anisi(ler;d)le (ami- 
jilcNitv ; in Exogcais thew' consist of three 
ili'^tineT jiortions, tlie ,ey/e//(-|)ortion com- 
posed childly (d' the different kinds of 
Vessels heveattei' to he descrilxHl.a jihlohu- 
[lortion eoiiiposed of pro.senehymatous 
tissue and ‘ sieve-tubes.' and a formative 





6i 

‘ 4^i 'I 


'Ik'; 


cro/d/fa//./ -portion. 

A pi'ciiliar set of markings seen on 
rile woody fibres of the i 'rmiffro'. and of 
some other trifles, is represented in fig, 
edt) : in each of the.se spots the inmm 
circle a[)pears to mark a deticieiicv of 
(lie lining deposit, as in the pitted cells 
of otlier jilaiils ; whilst tlie outer circle 
Imlicates tlie hotindavv of a lenticular 
cavity which intervenes between the ad- 
jacent c(dls at tins [loirit. There are 
Varieties in this arrangement so (diarae- 
teristic of different tribes timt it' is 
•sometimes possible to determine, liy the 
iiiicroseopie inspection of a iiiimite fragment, even of a fossil wood, 
the trilje to wliich it belonged, Alarkings of this kind, very 
characteristic of the winid of ('oulfem. though not peculiar to that 


Fui. .aiSU. Section of Cyiiifcrons 
wockI ill tliH ail-eel iOi» of the 
tnuliei'ds, showing their 
' Ijoi'clered </, '0 a, me- 

(liillAry rays crossing the 
fibres, 
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order, are known as bordered j) its ^ and the elongated cells In wj, 
they occur as tracJmds. 

All the more ])erfect forms of Phanerogams contain, in v, 
part of their fabric, the |jeculiaT structures which are known 
splml vessels} These have the elongated shape of fibre-cells; l,>n 
the internal deposit, as in the spiral cells, takes the fijrm of a spi, ,] 
fibre winding from end to end, and retaining its elastieitv ■ rliis 
fibre maybe single, double, or even quadruple, this lastcharactei- j.o - 
seiiting itself in the very large elongated fihre-eells of 
([)iteher-plant). Such vessels are especially found in the deliiMt,. 
iiieinhrane (medullary sheath) surrounding the pith of Exo'^ois 
and in the ‘ xylem-poi-tioii ’ of the woody bundles of Exogeiis ;ind 
Endogens ; tlience they proceed to the leaf stalks, through wliicJi 
they are distributed to the leaves. By careful dissection under tlie 
nii(Toscope fibro-mscidar bundles may be separated entire ■ 
but their structnre may he more easily displayed by cutting iinm,]. 
but not through, the leaf-stalk of the strawberry, geranium, tte., .nid 
then drawing the paite asunder. The membrane composiuir the 
tubes of the vessels will thus be broken across ; but the fibres within, 
being elastic, will be drawn out and unrolled. Spiral \'essels iirc 
sometimes found to cotivey fluid, whiLst iu other cases thev (‘ontnin 
air only. 

Although fluid generally finds its way with tolerable facility 
through the various forms of cellular ttesue, especially in the directioii 
of the greatest length of the cells, a more direct means of connect inn 
between distant parts is I'equired for its active transmission. This is 
afforded by the peculiar kind of vessels known as dnets^ which consist 
of cells laid end to end, the partitions between them being more (o- 
tes.s oldite rated. The origin of these ducts is occasionally verv c\ i 
dent, l)oth in the conti'action of their diameter at regular inter\ ;ils. 
and in the persistence of remains of their partitions (tig. hah 
/>, h ) ; but in most Ci^ses it can only be ascertained by studying the 
bistery of their development, neither of these indications being trace 
able. Some of these ducts (fig. 537, 2 ) are iiidLstingui.shable IVoni 
the spiral vessels alrcjidy described, save in the want of ela.sticii v iji 
their spiral fibre, which causes it to break when the attempt is ma»le 
to draw it out. This rupture would seem to have taken place, ia 
some instances, fi-oiii the natural elongation of the cells by gi'cu\t]i. 
the fibre being broken up into rings, which lie sometimes close 
together, ljut more commonly at considerable intervals ; such a duel 
is .said to be annular (fig. 537, i). Intermediate forms betwt>eu tlic 
spiral and annular ducts, wbicli show the derivation of tlie latter 
from the former, are eery frequently to be met with. Tlie spirals arc 
.sometimes broken up still more completely, and the fragments of the 
fibre extend iu various directions, so as to meet and form an irregular 
network lining tlie duct, which is then said to be reticidated. Tla* 
continuance of tlie dejxisit, liowevei’, gi'adnally contracts the luc.slics. 

’ So long, liowftver, as they retrtiii their original celhilar character, and do not 
coalesce with each otlier, these fuhiforin spiral cells cannot be vegarileci as having 
any more claim to the designation of vessels.^ than have the elongated cpIIs of tls*- 
woody tissue. 
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1^‘iiving the walls of the duet marked only by pores like those of 
[loroiis (!ells; and such canals, designated as pitted duets, are 
.•specially met with in parts of most solid structure and least rapid 
a-owtli (fig. 537, 3). The scalariform ducts of ferns may be re- 
< 4 :irded as a modification of the spiral ; but spiral ducts are fre- 
i iiently to be met with als(j in the rapidly growing leaf-stalks of 
flowering plants, such as the rhubarb, hiot un frequently, however, 
we find ^dl forms of ducks in the same bundle, as seen in fig. 537. 
'the size of these ducts is occasionally so great as to enable their 
(jpenings to be distinguislied by the unaided eye ; they are usually 
in stems whose size is small in pi'oportion to the surface of 
leaves which they support, such as the common cane or the vine ; 
:iud, generally speaking, 
tliev are larger in woods 
of dense texture, smh as 
o;ik and mahogany, than 
in those of which the 
fibres, remaining uncon- 
>olidat.ed, can .serve for the 
conveyance of fl u i d . They • 

:ire entirely absent in the f 
Coniferm. \ 

The vegetable tissues / 
whose principal forms 1 
have been now described. \ 
hut among which an im- I 
ineuse variety of detail is \ 
found, may he either 
srialied as they present / 
themselves in thin sec- 
tions of the various paiks 
of the plant uinler exami- 
nation, or in the isolated 
conditions in which they 
are obtained by dissection. Fig. , '>87.— LongitiuHosl section of stem of Italian 



tion; but still it cannot 

he (tousidered that the charac'ters of any tissue have been properly 
determined until it has been dissected out. 8e(;tion.s of some of the 
harde.si vegetable snhskinces, such as ‘ vegetable ivoiy.’ the ' stones ’ 
of fruit, the ‘ shell ’ of the cocoa-nut, At., can scarcely be obtained 
except by slicing and grinding ; and these may he mounted either in 
Cuuada l)alasm or in glvcerin jelly. In cases, however, in which the 
tissue.s are of only moderate firmness, the .section may be most readily 
and effectually made with the ’ luierotome ; ’ and tliere are few parts 
of the vegetable fabric which may riot he a(b aniageously examined 
by this means, any very soft or thin portions l>eing placed in it 
in'twceii two pieces of cork, elder-pitli, or carrot. In certain ca.ses. 
iiowever, in which even this compression would he injurious, the 
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sections must he made with a sharp knife, the siibstimce being Liid nn 
the nail or on a sli}> of glass. In dissecting the vegetable tisstii , 
scarcely any other instrument will be found really necessary tli n 
a pair of needles (in handles), one of tliem ground to a cutting 
I'he adhesion between tlie component cells, fibres, is 
suHiciently weakened by a few hours’ maceration to allow of tlii-n- 
i-eadily (>oining apart, when they are torn asunder by the needle 
points beneath the simple lens of a dissecting micro,4opo. lb it if 
this should not prove to be the case, it is desirable to employ soiui* 
other method for the sake of facilitating their isolation. Noiu' In so 
efteetiial as tlm boiling of a thin slice of tJie substance under oxami- 
nation either in dilute nitric acid or in a mixture of nitric acid jiud 
chlorate of potassa. This last method (which wjis devised 1)\ 
Sclndt/) is the most rapid and eflectual, re{piiring only a few 
minutes for its ])erformaiice ; but as oxygen is liberated with mu-1i 
free<loiii as t(» give an almost explosive character to the mixtmi\ it 
should be put in practice with extreme caution. After ])ein</ t}m^ 
treated, the tissue should be boiled in alcohol, and then in watri' ■ 
and it will then be found very easy lo tear apart the individual cells, 
ducts, Aa*. of whicii it may be coni.})Osed. ’riiesp may be pri'sei-vril 
l)y mounting in weak spirit. 

Stem and Root. - It is in the stems and roots that we (iud the 
greatest variety of tissues in combinalhm, and the most reirulav 
[ilans of strnctuia^; and sections of these ^ ie\\'ed imdei' a low muy- 
uifying }>ower are objects of peculiar beauty, indeiiendeiitlv t>f tlu' 
scientific information which tlmy afford. Tl^e axis (under which 
term are includetl the stcjn with its branches, ami the root witli il> 
ramifications) always has for the basis of its si taiefure a dense celliilav 
[jarenciiviiie; though in an advanced stage of development tins 
may constitute but a small jiortion of it. In tin- jiiidst of iht* 
parenebyme we generally find fibre '--vascular bundles, consisting of 
woody fibre, with ducts of various kimh. and (almost always) >piral 
vessels. It is in the mode of arrangement of these luindles that the 
fundamental difference exists between the .stems which areeoumionlv 
designated as (>n(lofjct}0(is (growing from within), and tho.si' whicii 
are more correctly termed f.coijf-tiOHS (growing on the outside): tbi- 
in the former tlie Imndles are dispersed throughout the whole 
diameter of the axis without any peculiar [dan, tlie intervals betwc<'ii 
them lieing filled up by cellular parenchvme ; whilst in the lattec 
they arc arranged side liy side in such a manner as to form acvliinler 
of (f'ood, which includes witliin it tlie portion of the cellular substaiaa^ 
known a.s pith, whilst it is itself enclose^l in an envelope of the same 
sub.sta nee. that forms the hark. These tuo plans of axis-fdrmatieu 
respectively characteristic of those two great groups into wliich 
Phanerogams are snlxlivided — namely, the T/eaecel'/y/ci'/o »,'.<? and the 
J)icotifIedoi>s — will now he more particularly described. 

When a tran,s^■else section (fig. o38) of a luon.ocotyhdoaoii^ stem 
is e.xamiiied inici‘o.scopically.it is found to exhibit a number of iihro- 
vascnlai' bundles, disposed witbont any I'egulai'itv in the midst d 
the mass of cellular tissue, whicli forms (as it were) the matrix or 
basis of the fabric. Each bundle contains two. three, or more large 
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.Incts, which are at once distinguished hy tlie size of their openings ; 
•Slid these are siUTOunded by woody fibre and spiml vessels, tlie 
iraiisverse diameter of whicli is so extremely small that the portion 
.,f the bundles wliich they form is at once distinguished in transvei-se 



Fit;. r>;js. Transverse section t){ stem nf yoniig palm. 


sn-tinii by tlic closeness of its texture (fig. 539). The hundlcs are 
loast numerous in the centre of the stem. aii<l become giuduallv inort* 
{■i-owded towards its circumference; but it freijuently ha])|)ens tlmt the 
portion of the area in ^\'llich they ttre 
iiio.st earn partly arranged is not abso- 
lutelyat its exterior, tins portion l:)eiiig 
itself suiTOundecl bv an investment 
coiupo.sed of cellular tissue onlv ; and 
sometimes we find the central jmrtion 
also completely destitute of fibro- vas- 
cular biuulle.s ; so that a sort of indica- 
Tinii of the <listinetioii Imtween pith, 
wood, and bai'k is here }n-eseuted. 

Tliis ilistinctioii, ]iowe\er, is ^•erv im- 
[icrfeet; for we <lo not find either tiie 
central or the peripheral purtious ever 
separable, like pith and bark, from 
(he intermediate woody layer. In its 
Viauig state the eeiiU-e of (he stem is 
always filled u|f witli cells ; but these 
not imfre{[ueut]y disappear after a 
lime, except at the nodcs^ leaving 
die stein hollow, as we see in the 
'vliole tril-'C of grasses. When a vertical si.‘etion is made of a woody 
>t(:'m (as that of a., palm) of sutfieient length to trace the whole extent 
tile fibro-vascular Tniiidles, it is f mil that, whilst they jiass at 
tlieir upper extremity into tlie leaves, they pass at the lower einl 
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towards the siirfiioe of the stem, and assist, by their interhiceiii. 
with the outer bundles, in forming that extremely tough invest 
which tlie lower ends of these stems present. New fibro-vax i;! ^ 
))uiidle.s are being continually formed in the upper part of the >h i,j 
in contimiitv with the leave.s which are successively put fortli ;ii its 
.summit; but wliile these take part in the elongation of the 
they contribute but little to the iucj 
of its diameter. For those which .nv 
most recently formed only pass iiitinli,. 
centre of tlm stem during the liiir|,H|. 
pai-t of their course, and nsually aiiike 
their way again to its exterior nt no 
great distance below ; and, when oncr 
formed, they receive no further additions. 
It wa.s from the idea forinerlv eurci- 
tained that these succes.sively fonnci] 
bundles descend in the interior (^f the 
stem throi igli its entire length until they 
reach the r(X>ts, and that the .stem is tlais 
continually l■ecei^ing additions (o its 
interior, that the term endof/enotis was 
given to this type of stem-stj-nctnie ; 
but, from the fact just stated reg.ni-ding 
the course of the fihro-vascular buiHlles, 
it is obvious that, siieli a doctrine cannot be any longei- afbnitte<l. 

In the stc'ins of dicotyledonous phauevoganis, on the other hand, 
we find a method of an*angement of the several parts which must 
1)0 regardeil a,s the highest form of the development of the axis, 
being that in winch the greatest difib rentiation exi.st.s. A distinct 
division is ahvay.s seen in a transverse section (fig. 540 ) between tlnee 
(‘oncentric areas— the the trood., and the/;i7r/I' — the fir,st(rf) being 



Fi*;. 540, -Diagram of the first 
fonnatioii of an exogenous 
stein ; a, pith ; h, bark ; c, c, 
plates of cellular tissue (lue- 
(Uillary rays) left between the 
woody bundles d d. 



Fa;. 54t. — Transverfie section of stem of C(-emafis: a, pith; h, h, b, woody bundles 
c, c, f, medullary rays. 


centml, the last [h) peripheral, and these having the wood interpcse'l 
between them, its circle being made up of wedge-shaped biuttilcs 
[d d), kept apnrt by the mpjhdlary rays composed of uncluniged col- 
lulai' tissue (c, c) that pass between the pit liaml the bark. The [litli 
(fig. 541, u) is almost invariably composed of cellular tissue ciily. 
which usually presents (in transvei'se section) an hexagonal aveolation. 
Wlicn newly formed it has a gi'eenish hue, and its cells are filial with 
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;,;1 : but it gradually dries up and loses its colour; and not uii- 
quently its component cells are torn apart by tlie rapid gi’owtb 
r their envelope, so that irregular cavities are found in it; or if 
.1;,' stem should increase with extreme rapidity it becomes hollow, 
[i I,, pith being reduced to fragments, which are found adhering to 
ii> interior wall. The pith is immediately surrounded by a delicate 
i,.,.iiib]‘ane, consisting almost entirely of spiral vessels, which is 
o rmod the laedullartj sheath. 

'J'lie icoody j>ortionof the stem (fig. 541, 6, ^>) is made up of woody 
tilirrs. usually with the addition of ducts of various kinds; these, 
iio;\e\-or, are absent in one large group, the Conifmv or fir- tribe 
w ith its allies (figs. 545-548), in which the prosemdiymatons cells 
(,r tracheids are of imusually large diameter, and are Jiiai'ked by 
tlif bordered pits jdready described. In any stem or branch of uioie 
iliitiione year’s growth the woody structure presents a more or less 
(list iiu't appearance of division into concentric rings, the number of 



Fic. r>12, -Transverse section of stem Ft(I. oltt. — Portion of Hit* 

of Ithamnns (buckthorn), showing same more highly 

concentrio layers of wood. magnified. 


w liicli varies with tiic age of the tree (fig. 542). The composition of 
tlic sevei*al rings, which are the sections of so many cylindriwd 
layers, is uniformly tlie same, however different their thickness ; but 
tile arrangement of the two principal elements — iiameh', the cellular 
and tlie vascular tissue — varies in different species, the ve.ssels being 
sometimes almost uniformly diffused through the whole layer, bub in 
other instances being confined to its inner part; while in other 
cases, again, they are dispersed with a certain regular irregularity 
(if such an expression may be allowed), so as to give a curiously 
figured a])pearance to the transverse section (figs. 542, 548). Tlie 
gejieral fact, liowever, is that the vessels predominate towards tlie 
inner side of the ring (which is the part of it first formed), and that 
the outer portion of each layer is almost exclusively composed of 
Cellular tis.sue. Such an arrangement is shown in fig. 541. This 
alternation of vascular and cellular ti.ssne frequently serve, s to mark 
the Nuc<tession of layers when, as is not uncommon, there is no very 
ilisfinct line of separation between them. 
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The number of h\ycr« is usually considoi-ed to eon-esnon,| u - = 
that of the years during which the stem or branch has l)eeri ^v‘ ’ 
and this is, no doubt, generally true in regartl to the • 

tenipcratc climates, vvlu'ch thus ordinarily increase by ‘ annual C' . . ' 
Th(U-e can he Jio doubt, hov\e\-er, that such is not the univei-sid i ' !' 
aiKl that we should be more correct in stating that each lavi r ii' 
cates an ‘cpcxdiof vegetation/ which, in tei]iperatecliiiaitcs,i\susii ,'K 
(but not invariably) a year, but which is commonly much less in tV 
case <if trees nourishing in tropical regions, Thus amoug tlie \luT- 
it is very common to find the leaves regidarly shed and ivol-in-J 
twice or even i.hrice in a year, or five times in' two years ; and'' f,, 
e\'ery cro[t of leaves tliere will he a correspomling layer of wn,j« 1 
It sometimes happens, even in temperate climates, th;lt trees shlj 
their leaves prematurely In consequence of continued dronylit inij 
that, il rain then fcdlow. a fresh crop of leaves appeal's in the Nm),! 
season ; and it cannot be doubted that in smdi a year then* wn'nt'l 
lie two rings of wood prodneed, which would prohablv not toi;vtln'r 
exceed the ordinary single layer in thickness. That such a drvisi(.n 
may even occur as a consequence of an interruption to the proc^ssn.^ 
of ^-egetation pi-o<luced by seasonal changes— as by heat andhli-oirdit 



a h c 

Fio. 544. -Portion of traiisverst; section of stem of hazel, showing:, in the jx-i tinn 
a, b, r, six narrow layers of wood 

ill a tree that flouvishes best in a cold, damp atmos-|>here. or h\- a (idl 
of temper:itmv iti a tr(*e 1liat requires heat wouhl a])p(‘ar fi-van rli.- 
frequency w itli which a double or even a multiple succession oi'riiuis 
is found in transverse sections of wood to occtqiv the place lif a 
one. Thus in a section of lia/el stem (in the Author’s qnsscs- 
sioii), of which a jjortioii is represented in fig. 544, between two 
layer.s of tlu* ordinary thickness tlieve intervenes a hainl nlnw* 
lireadth is altogether less than tliat of either of tliem, and wide]! is 
yet composed of no fewer than six layers, four of them (c) lieingi ciy 
narrow, and each of the other two {a, b) Ixhng about as wide as 
fliese four togetlier. Tlu* inner rings of wood, being not only tin* 
ohlest, hut the most solidilied by resinous matters deposited wirldn 
tlu'ir eompoiieiit cells and vessels, are spoken of collect ively malei- 
the designation (hiranioh or * heart-wood,’ On the otlier hand, it is 
thrmigh the cells and ducts of the outer and newer layer.s that tin- 
sap ri.ses from the roots towards llu* leaves; and these are coiisi'- 
<|uently designated alhonutw or ‘ saji-wood,' The line of 
catioii between the two is sometimes very distinct, as in lignmii \it;f 
and cocos- wood ; and as a new ring is added every year to (In’ '’V- 
terior of the alburnum, an additional ring of the innermost ]);iri <4 
tlie alburnum is every year eonsolidated by internal deposit, aii'l i" 
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,;,us .-ultled to the exteriov of tiie durameiL generally, how- 

( V(‘r. this consol idiit ion is gradually effected, and the alburuuui and 
(liii'aiiien ai'O not separated ])y any abrupt Hue of <livisi<.)n. 

The medullary rays u'hich cross the successive rings of wood 
luunecting the cellular substance of the pith ^vith that of the bark. 
;iH,] dividing each ring of wood into wedge-shaped segments, are tinu 



FUf. Portion of traiisverso section of the stem of cedar: n, jiith ; 
t, woody layers ; e, bark. 


plates of cellular tissue (fig, 541, c, c), not usually extendiiur to aiiv 
great depth iu the vertical direction. It is not often, howeveu-. that 
rheir character can be so clearly s('on in a Iraiisvei'se section as in 
the diagram just referred tn ; foi' they are ii.sually compressed so 
rhtsely as to appear darker than the wedges of wondv tissue between 
which they intervene (figs, 54:1, 545), and their real nature is l)ost 
understood hj' a com])ari.son of hiHjiUidinal sections inad(‘ in two 
different directions — namely, 
t-(ulkd tamjf ntud — with the 
transverse. Three such .sec- 
taais of a tbssil eouifeious W(x)d 
ill the xA_iithors possession are 
siiowii in figs. 546 -548. The 
stem was of such large size that, 
ill so small a part of the area of 
its transverse section as is re- 
lirescuted in fig 546, themedul- 
liirv rays seem to run pandlel to 
each other, instead of radiating 
fi omMcomiiioii centre, They are Fic. ,j4ti. — Puitjo]i of transverse secti(m of 
very narrow; but are so el use Iv large stem of coniferous wood 1 fossil), 

set ‘together that unlv two oV ^ two m.mml rings divided 

^ F .. 1 / ‘‘I' ''b Alul traversed by very tlmi Imt 

Tlii'Ce ^o\^■S ot tracheuls (no immevous mednllary rays, 
durt.s being here present) in- 
tervene hetweeii any pair of them. In the longitudinal section 
taken in a radial direction (fig. 547), and consequently }>assiiig in the 
same course with the medullary rays, these are seen as tliin plates 
(f6 (ti a) made up of superposed cells very much elongated, and 
cro.ssing in a horizontal direction the t.ra<'heids wliicli lie parallel to 
one another \'ertically. And in the tangential section (fig, 548), 
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wliich is taken in a rlirection at right angles to that of the niehil- 
lary rays, and therefore eats them acnrss, we see that eaeli of ij„. 



Flo. -jIT. -Povtioii of vertical i^octioii of the 
same wood, taken in a radial direction, 
showin" the tracheVds with ‘ bordered 
pits,' without dncts, crossed by the medul- 
lary rays, fl, a. 


Fk;. -i4H.~Portion of vertical 
section of tlie same wood, 
taken in a tanj;;enti(d tliicc- 
tion, so as to cnt acros-. ihc 
inedullai*)' rays. 


plate.s tini.s formed lias a \ ery limited depf.li from aliore ilowinvanK 
and is composed of no more tluin one thickness of cells in tlic 
horizontal direction. A section of the stem of mahogany taken in 
the same direction as the last (fig. aPi) 
give.s a ^■ery good view of the cut ends (if 
the medullary raws a.s they piss lietweeii 
the |)rosenchvnia tons cells; and they ;nr 
.seen to lie hereof somewhat great ei'tliick- 
noss, being coinpo-scd of two or three rows 
of cells, arranged side hy side. 

In a notlier fossil wood, win ise ti’ansM-i'se 
section is shown in fig. 550, and it.s tan- 
gential section in fig. 551, the mediillarv 
raas are seen tooceujn' a nmcli larger juirt 
of the suij.'^taiice of tlie stein, lieing sliown 
in the transverse section as Imoad hands 
(a o, ((. a) intervening between tlie closely 
set [irosenchymatou.s colls, among which 
some laige ducts are scattered ; whilst in 
the tangential section 1.1 ley are ohserved 
to be not only deeper than the pix'ccding 
from above dowiiw aials, hiit also to luivc 

,, . a much greater thickimss. This section 

-Vertical section of , . ^ n , • r .bi/ds 

mahogany. glvcs an excellent view ot flic dia ■ , 

h 6, which are here plainly -seen to be 
formed by the coalescence of large cylindrical cells lying end toentl. 
In another fos.sil wood in the Authors posse.ssion the medullary 
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liiicl forced their wwy between thet>c cells, which t}»ere hold a 
straight and parallel course on either side of them. The meih!!’; '. 'v 
lays maintain a connection Ix'tween the external and the inti i ,'] 
parts of the cellular tissue or fiuulam.entfd parenchyme (also ( .iil ,] 
Aground-tissue') of the stem, which have been separated 1 a- li,,. 
interposition of the wood. 

The hark is usually found to consist of three prinei])al hw r.- 
the external or epiphkeu-m, which includes the siiheroifH (or em kv) 
layer; the middle, or also termed the ’cellular envclopi--’ 

and tlie internal, or endophlosuvi, which is more conimonlv kn a\ ]i 
as the liherd The two outer layers are entirely cellular. an<l :iiv 
chietly distinguished liy the form, size, and direction of tlieir (-('lIs 
The fpiphlmnn, is generally composed of one or more laveis of colnm-- 
less O! hrowiiish cells, which usually present a cubical or lahutir 
form, and are arranged with their long diameters in the horizmita] 
direction ; it is this which, when developed to an unusual ihif-t-iuss. 
forms corkj a substance which is by no means the product of uih- 
kind of tree exclusively, but exists in greater or less ahumlamr in 
the hu'k of every exogenous stem. The mesophlaium consists of 
cells, usually containing more or less chlorophyll, prismatic in tlu-ii- 
form, and disposed witli their long diameters parallel to the axis •. it 
is more loosely arranged than the preceding, and contains iiitii- 
ccllular passages, wliich often form a network of canals wliich have 
tlie character of laticiferous vessels; and, although usuallv less 
developed than the suberoiis layers, it sometimes constitutc-s tbi- 
chief thickness of the hark. The Uber oi' ’ iriuer hark/ on theotlirv 
hand, usually contains woody fibre in addition to the cellular tissue 
and laticiferous canals of the preceding ; and thus approaches muiv 
nearly in its character to the w oody layers, w ith wliich it is in clcse 
proximity on its iiinei’ surface. The lilier may geiier.‘dly be foinul rn 
be made up of ;i succession of thin layers, equalling in nnmher tlios** 
(»f tlie wood, the innermost being the last formed ; Imt no smh 
.succession can be distinc'tly traced either in the cellular envtbipc <>r 
in the subevous layer, although it is c[‘rt.ain that they, too. auginviit 
in tiii(*kness by adilitions to their interior, whilst their extenud piu’- 
lions are frequently thrown off in the form of thickisli plaies. or 
detach themselves in smaller and thinner lamim'e. The hark is 
always stqiarated fi'oni the w ood by the cavibinni layer, which is the 
part wherein all new growth takes place. This layer seems to coii-^ 
sist of mucilaginous semi-fluid matter ; but it is really made up of 
cells of a very delicate texture, which gradually undergo tiunsfor- 
Illation, wliereby they are for the most partconyerted into traclieids, 
ihicts, spiral vessels, etc. These materials are so arrangcil as to 
augment the fibro-vascular bundles of the w’ood on their (‘xteimal 
surface, thus forming a new layer of alburnum, wliich encloses all 
those that preceded it ; whilst they also form ;i new layer of liher 
on the interior of all those which preceded it. .They alsoextoxl the 
medullai'y mys. wliich still maintain a continuous connection bifi ween 
the pith and the hirk ; and a portion remains imeouvertcii. so as 

> [The terra ‘liber’ is also sometimes applied to the ‘ phi oimi- port ion ’ of a tbri*- 
viiscular btiiidle,— Ei>.j 
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.,|u;n-s to keep apart the liber and the alburnnni. This type of 
.•fiti'Stnieture is termed ej:ogenom ; a designation which ap[)lies 
\ '^.i v coiTectly to the mode of increase of the woody layers, although 
just shown) the lil)eT is formed upon a truly endogenous ]>laii. 
Xiuneious departures from the normal type are found in particu- 
l;ii ri'ilK?s of dicotyledons. Thus in some the wood is not marked l>y 
iiioeiitric circles, their gi‘owth not being interrupted by any seasonal 
ejiaiige. In other cases, again, each woody zone is separated fro}n 
rl,K‘ next by the interposition of a thick layer of cellular substa^we. 
^<,.1 net lines wood is formed in tlie bark (as in Calgmidhus), so that 
several woody columns are produced, winch are rpiite independent of 
till' principal woody axis, and cluster around it. OcciLsionally the 
MMody stem is divided into distinct segments hy the peculiar thick- 
lu-ss of certain of the inednllary rays, and in the stem, of wiiich 
far. dd4 represents a transverse section, the.se cellular jdates form 



Fict. 554. Transverse section of the 
stem of a climbing plant (Ucis^o- 
lochia ?) from New Zeiilaiid, 



Flo, 55-1. — Portion of transverse 
section of Arriinjit (burdock', 
showin^f one of the libro-vaseii- 
lar bundles that lie beneath 
the cellular epiderni. 


four large segments dispo.sed in the manner of a Malte.se itos.>;. amt 
ah(‘i'nating with tiie fonr woody segments, wliich tliev equal in .size. 

The exogenous .stem, like the (so-cidlpd) endogenous, consists, in 
its tir.st-developed state, of cellular tissue oidy ; but after tlie leaves 
liave been actively performing their function for a .slmrt time, we 
iind a circle of iibro- vascular bundles, as reprcscitted in lig. odO. 
interposed between the central (or mechdlary) and tlie ]ierii>heral 
(or cortical) portions of tlie fundamental tissue, these fit >ro vascular 
bundles being themselves separated from each other by plates of 
cellular tissue, wliich still remain to connect the centr.al and the 
peripheral portions of tliat tissue. This first stage in the formation 
ol the exogenous axis, in which its principal [larts — the pith, wood, 
balk, and medullary rays — are marked out, is seen even in the 
stems of herbaceous plants, which are destined to die down at the 
eud of the season (fig. 555) ; and sections of thesi^, which are very 
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easily prepared, are must interesting jiiieroscopic objects. In>n( h 
stems the difference l.>etween the endogenous and the cxogcjir,,,, 
ty[jes is manifested in little else than the disposition of the’fi),!,,. 
\'asoulai‘ layers which are scattered through nearly the who],, nf 
the fundamental tissue (although more abundant towards its 
exterior) in the former case, but are limited to a circle within tin* 
peripheral portion of the cellular tissue in the latter. It is in the 
fiirther development which takes place dui'ing succeeding years in 
the woody stems of perennial exugens that those characters arc 
displayed whicli scfiarate them most completely from the ferns and 
their allies, whose stems contain a cylindrical layer of lllmo vast njar 
luimlles, as well as from (so-called) endogens. For whilst the tilivn- 
\asciilar layers of the latter, wlien once formed, undergo iio fnrllu-v 
increase, those of exogenous stems are progressively augmented mi 
their outer side by the metamorphosis of the camliiuin ]a^■er : so 
that each of the laindles which once Isiy as a mere series of parallel 
cords beneath the celiularepidei m of a first-year s stem, may beronie 
iu time the small end of a wedge-shaped mass of wood extcirdinif 
continuously from tlie centre to the exterior of a trunk of se\ eirl 
feet in diameter, and becoming piogrcssively thicker as it |>asse< 
upwards. The fihro-vascular bundles of exogens are tlieieforr 
spoken of as ‘ indefinite ’ or o/;en, whilst those of endogens mid 
vascular cryptogams (ferns, Ac.) are siiid to be ‘definite/ oi- 
d’lie open fibro-vascular' bundles of exogens and of gyinnusperDi.'- 
may be state<l to consi.st of tlu'ee distinct parts: the xylem purfiiai, 
which consists chiefly of ducts, of the nature of spiral, aiimila] . m 
j lifted vessels, and wdiich is the portion ol‘ tlie laindle nf*are.'<(, lutlie 
centre of the organ; \\\q: phloem or ‘bast’ poi/tinn, uliicli consisT> 
largely of proseiieliymatous cells, among whicli are almost ah\;tys 
skve-tuhea with their sieve plates^ and which is the peri}ilierii] 
portion of the bundle ; while between them is the formative cam- 
h'unn^ from which fresh xylem is constantly being formeil on oiif 
side, fresh phloem on the other side. The closed bundles of 
endogens and of vascular cryptogams consist of xylem and phliiem 
only. When the xylem and phloem, portions of filn'O-va.scuLir 
Imndle lie side by side, as is usually the case, the bundle is said Iti 
lie collateral ; when eilhei' poid.ion encloses the otlier like a cylindvi'. 
it is couceotrlc. 

The structure of the roots of endogens and exogens is essentially 
the .same in }iian as tliat of their respective .slems. (lenerally 
.^peaking, however, tlie roots of exogens ha\ e no pith, althougli tliyv 
have medullary rays; and the succe.ssion of di.stinci rings is !e^s 
apparent in them than it is in tlie stems from whicli Ihey diveigv. 
In the delicate branches wdiieh proceed from the larger root-lihre^ 
a central bundle of vessels will be seen enveloped in a slieafh 
cellular substance; and this investment also covers in the end nt 
the branch, ^^■hicll is usually somewhat dilated, and is furnished at 
its extremity with one or more layer.s of cells, which are constantly 
being thrown ofl', known as tlie pile.orhiza or root-cap. TIic structure 
of the branches of the root may be well studied in tluy common 
buck-weed, every floating leaf ofwliieb has a .single root hanging do^'a 
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fvtiiri itiH lower surface. The central fibro-vascular cylinder, which is 
i hia acteristic of the finer roots of exogens, as well a,s of endogens, is 
vnriHUinded b}" a single layer ot cells vevj^ clearly diflercntiated from 
the surrounding fundaiuental tissue, known {Is the huvdh-sheaik 
W't' liave already seen the iieculiar form Jissnined by the bundle- 
.slicath in the stem of ferns and other vascular cryptogams. 

The structure of stems and roots cannot be thoroughly examined 
ii! any other way than by making sections in different directions 
w itli the microtome. The general instructions already given leave 
little to be added respecting this special class of objects, the cliief 
points to be attended to being the prepnatinn of the stems, Ac. fr>r 
s!ii-iug, the slmrpness of the knife, and the dexterity with wltich it 
i,> liaudled, and the method of mounting the sections when made. 
The wood, if green, sliould first he soaked in strong alcohol for a 
foM- da^^s, to get rid of the resinous mattei' ; and it should then be 
iiuK'crated in water for some days loiiger for the reujoval of its 
gum, before being submitted to tlie cutting process. Tf the woo<l 
he dry. it shoul<l first be softened by soaking for a sufficient leiigtli 
(if time ill water, and then treated with spirit, and sifterwiirds with 
water, like green wmod. Some woods are so little afiected even Ity 
|ii'(iloiiged maceration that boiling in water is necessary to bring 
them to the degree of softness re(]nisite for making sections. Ko 
wood that lias once been dry, however, yields sucli good sections as 
tliat which is cut fresh. When a piece of appropriate length 
has lieen placed in the grasp of tlic section instrument (wedges of 
deal or other soft wood being forc-ed in with it, if iiecessarv for its 
tivm fixation), a few thick slices sliould first lie taken, to reduce its 
Mil-face to an exact level ; the surface .diould then be W'etted witli 
spirit, the micrometer-screw moved through a small part of a revo- 
lutiom ami the slice taken off with the razor, the motion given to 
which slioukl partake both of dravin^ and piishinij. A lit lie prac- 
tice will soon enable the operator to discover in each en.^e hov' thui 
he may venture to cut Ids sections witliout a lireach of continuitv, 
a I id the micrometer-screw should be turned so as to give tlie rerpiired 
elevation. If the sui-face of the wood has been sufiicientlv wetted, . 
the section will not curl up in cutting, but will adhere to the sur- 
face of the razor, from which it is liest detached liy dipping tlie 
razor in water so us to float away the slice of wood, a camel-hair 
[leiicil being used to push it off if necessary. All the sections that 
may be found sufficiently thin and perfect .should he put aside in a. 
(lottlft of weak spirit until tiiey be mounted. For tlie minute exaini- 
natioii of their structure, they may be mounted either in weak 
■spirit or in glycerin -jelly. Where a mere general view only is needed, 
dry mounting a nswei's the purjxise sufficiently well ; and there are 
inanv stems, such as that of Clmwtis, of which transverse sections 
rather thicker than ordiimr}- make very beautiful opaqm objects 
when mounted dry on a black ground. Canada balsam slionhl not 
lie had recourse to, except in the c;=ise of very opupie sections, as it 
usually makes the striudure too transparent. Transverse sections, 
however, wlieii sliglitly charred by heating lietween two plates of 
;,da.ss init.il tl^^y m^iy mounted with advantage in 
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C;ui:i(l:i bnlssnn, jukI are tlien very showy specimens for the u-i>- 
mioroscfipe. 'Phe number of beautiful and interesting objects wliii-ii 
liny l)e thus obtained from even tlie eomniom'st trees, shrubs, mid 
lirrbiK'eoiis ])]ants at tlio cost of a very siiudl amount of tronM,. 
can scarcely be conceived save by those who have specially attended 
to these wonderful structures ; and a careful study of sectinus 
made in different parts of the stem, es]iecial]y in the ueighlKinrluiud 
of tlie ■ growing tx)int/ will reveal to the eye of the physiologist 
some of tile most imporbuit phenomena of vegetation. The jiidi- 
cions use of the staining procesb' not only improves the appeaviuici- nC 
sucli st'ctions, but adds greatly to their scientific \ahie. 
iroods, when well jirescrved, are generally si/icijled, and can oidv 
be cut and polislied by a lajiidavy’s wheel, Should the inii-roscruiist 
lie fortunate enougli to meet with a iiortion of a. cnlcijled stem in 
which tlie organic structure is preserved, he should proceed wiiii it 



Fig. oon.— Etiicki'di of leaf of 
Yucrfi, showiii*,^ stoinates. 



Fig, oi’i7. — F,piderin of leaf of Indian 
coni iZea ilfans’i, sliowiii" stnniat(s. 


after the manner of other hard snlistanees wliicli need to he re<luccd 
by grinding. 

Epiderm of Leaves. — On all tlie softer parts of tlie biglier plants, 
save such as grow under water, we find a surface layer differing iit 
its texture from the parencliymo liencath, and constituting a dis- 
tinct membrane, known as the ephPrm. This membrane is composeil 
of cells, the walls of which are flattened above and l.>elow, wliilst 
tlieyadliere closely to each otlier laterally, so as to form a eoiitiniiniis 
stratum (figs, odd, o()‘2, u, n). The shape of these cells is different in 
almost every tribe of plants; thus in the epiderin of the YKCva (tig- 
ood), Indian corn (fig. oof), /ris (fig. odl), and most other iii"] in- 
cotyledons, they arc elongated, and present, an approacli fr> a 
rectangular contour, their margins being straight in tin* ) 
and //‘/.V, but minutely -sinuous or crenated in the Indian i-nrn. 
1 11 most dicotyledons, on the other liand, the cells of the epiderm 
depart less from tlio rounded form, but their margins usu;dl> 
exhibit large iri'egulav sinuosities, so that they seem to fit togvtliei 



STRUCTURE OF LEAVES 


713 


llki' the pieces of a diivsected map, ms is seen in the e[)i(lerni of the ap})Ic 
pi-. 538 , b, b). Even liere, Imwever, tlio (‘('lIs of that portion of tlie 
tpidei’in [a, a) which overlies the ‘ veins ’ of the leaf have an elongated 
t;.rin, a])proa<‘hing that of tlie wooil-cells of whicii these veins are 
rlucliy composed ; and it- seems likely. theivfor<\ tliat the elongation 
rf ilie ordinav}' epiderm colls of iiionocotyledons has refcn'nce to 



fl, it, eloiiiiiited cells overlying the veins of the leaf; b, &, 
ordiiLiirv opidcrm-cells, overlying the parenoliyinr; r, c, 
stomates ; (?, d, green cells of the sj)ongy parencliyine, 
foriiiiiig a very open network near tin; lower surface of tlie 
leaf. 

that [larallcl avrangoinent of tho veins wliich their leaves almost 
(•(instantly exhibit. 

The cells of the e|)iderm art' coloniiess, or nearly so. having no or 
hut litth^ chlorophyll in their interior ; and their walls are generally 

A B 


Fie. 55<).- Povlloii of epiilerin of upper surface of leaf of 
liwhca falcata, as seen at A from its inner side, and at B 
from its outer side: a, 0 , small cells foruiiug inner layer; 
h, b, large prominent cells of outer layer; c, r, stoniaks dis- 
posed between the latter, 

thicktmed hy seoondaiy deposit, especially on the side nearest the 
atmospheie, This outermost liardened continnons wall of the 
epidermal layer of cells is known as the ctUicIe. The deposit 
IS of a nature to render the iiienihram' very ini]iermeahle to tiuids, 
so as to ftrotect the soft tis.sue of the leaf from drying up. Tn most 
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European jjlants the epiderni fxnisists of but a single row ol’ c, ]]^ 
wliioh, moreover, are usually thin-walled ; whilst in the geneialiiv 
(»f tropical species there exist two, three, or even four layers .,i‘ 
thick-walled cells, this last number l)eing seen in the oleander, ili^ 
e[)idorm of which, when scparatod, has an almost leathoiy lirmiic>s 
This difference in conformation is obviously adapted to the conditiou^^ 
of growth under whirli these plants respectively exist; since iln- 
epiderm of a plant indigenous to temperate elimates would not affoid 
a siillioient protection to the interior structure against the rays of ii 
tropical stin ; whilst the less powerful heat of this country would 
scarcely (»vercoine the resistance presentetl b}- the dense and non- 
conducting iiitegumcnt of a species formed to exist in trojiicjil 
climates. 

A very cnrlons modification of the epiderm is prescnteil hv 
liocJaifi falcata^ \vliich has the surface of its ordinary epiderm (tigs, 
559, 5 (i 0 , rt, (() nearly covered with a layer of large promiuent 
isolated cells, />, h. A somewhat similar .structure is found in 
nibr^i^i lithe niH lit orj/stnllinum, commonly known as the ‘ice-itlajit,’ 
a designation it owes to the peeidiai' ap}»earanee of its surface, 
which looks as if it were covered with frozen dewdrops. lii other 
instances the epiderm is partially invested hy a. layer of Hcalr.~i, 
which are nothing cdse than flattened liaii-s, often having a vny 
peculiar form ; the ' peltate scales ' of KkmtinU'S aiul other shruhs 
and lieilt.s are veiy Iteautiful <drj(vts undei“ the microscope. In 

numerous other cases, again, 
we find the surface bi'set with 
true hfdrs, whicli occasinnally 
consi.st of sitigle elongati'd 
cells, hut are more coiniiioiily 
made up of a lineal’ senes, 
attached end to end, Soiiie- 
times these hairs bear littlr 
glandular bodies at their e.\- 
ti’cmitios, Ity the secretion of 
wliieli a peculiar viscidity is 
given to the .surface of tin* leaf, 
stem, nr jlnwer-stalk. a.s in 
many kinds of rose, geraniinn, 
Ac. In ot her instatiees. I lie 
hair has a glandular body at 
its base, containing a. peculiar’ secretion; wlten this .secretion is ol 
afi irritating qiialrty, as in the nettle, it con.stitutes a ^ sling.' A 
gi’Cat variety of such organs may he found by a niicn^scopit; 
examination of the surface of the leaves of plants having any 
kind of superficial investment to the epiderm. Alany coimecfing 
links pre.serit. thein.selves lietweeir bail’s and scales, .smii as the 
stellate luiii's of Denkla scahra, whicli a good deal I’csemhle tlnw. 
witliin the air chainhers of the yellow wat(‘r-lily (hg- 5 * 27 ). hia' so- 
called ‘glands’ 01’ ‘ tentacles’ of the sundew {Dros^ra) are net 
really hairs, lint outgrowths of the iritei’iial tissue of the leaf. <oci 
fxdiig penetrated hy a frbi'o-^-asciilar bundle. 



Fit.. .ICO.— Portion of vertical section of leaf 
of liochciu sliovviiig tl\t small cells, n, n, 
of the inner layer of epiderm ; flia large 
cells, b, h, of tlie outer layer ; c, one 1 if the 
stoiiiiites ; (f, <1, cells of the parcjicliyinc ; 
L, cavity beLween the parcnchyinulous 
cells into wliicli the siuuiate opens. 
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The epiderni in many plants, especially those helonxiiig to the 
orass tribe, has its cell-walls impregiiateil with sikx, like that of 
; so that, when the organic matter seems to have been 
i-ot ri<l of by heat or by acids, the forms of the epidei'iiud cells, hairs, 
>tomates, itc., are still marked out in silex, and (unless the dissipa- 
ridu of the organic matter has been most peifeetly accomplished) 
iii'C most beantifnlly displayed by polarised liglit. * Such silicified 
rpidermsare found in the husks of the grains yielded by these plants ; 
:ish 1 there is none in wliich a larger pro|:K)rtion of mineral matter 
exists than that of rice, which contains some curious elongated colls 
u 1th toothed margins. Tlie hairs with ^^hich the pahm (chalf-scales) 
of most gmsses are furnished are strengthened by the like siliceous 
deposit , and in I'Qstucd pyuttRuin^ one ol the common meadow- 
grasses, the paleie are also ]:)eset with longitiulinal rows of little laip- 
iike Ixxlies formed of silex. The epidenii and scaly hairs of JJeatzia 
Hcohm also contain a large quantity of silex, aiaf are remarkably 
beautiful objects for the pnlaviscope. 

In nearly all plants which posse.s,s a distinct epiderm, this is 
perforated by the minute openings termed stovnrtes (figs. 557. 501), 
which are iKirdered by cells of a peculiar form, the tjnard-cdls, 
dilferiiig from those of the epiderm, and more reseinliling in character 
those of the tissue beneath. 


T'liey are fuitlier distinguished 
bv containing a larger nuinbor 
of cldorophyll-grains than the 
ordinary cells of tlie epiderm. 
Th(‘se guard-cells are iisuallv 
solne^\■hat kidney-shaped, and 
lii- in pairs (hg. 501. h). witli 
an oval opening between them ; 
hut by an alteration in their 
form, the opening may })e C(ni- 
tracteil or nearly closcal. In 
the epiderm of hou evei . 

the opening is bounded by two 
pairs of eolls. and is somewhat 
quarlrangular (fig. 556) ; and a 
like doubling of the guard- 
cells, with a narrower .slit be- 
tween them, is seen in the epi- 
deriu of the Indian corn (fig. 
o*)7). In the stoinates of no 
pliancrogam, however, do we 



[(i. Portion ui cpiclcnii nf loiifof Irh 
gerviavdea tom fi'oin its surface, and 
CiUTviiig away with it a portion of the 
parencliyniatous layer in ininicdiate con- 
tact with it: 0, f?, elongated cells of the 
epidemi ; b, 6 , cells of the stoinates ; c, c, 
cells of theparencliyine ; d, tl, impressions 
on the epidermal cells formed by their 
contact; c, cavity in the parejicliyme, cor- 
res^jonding to the stomate. 


meet witli any confurmation at all to bo compared in conqdexity 
with that whicli has been described in tlie humble Marchaniiu. 
Htoniates are usually found most abundantly (and sometimes exclu- 
sively) in the epiderm of the lower surface oflenvcs, where they open 
into tlie air-ebambers tluit tire left in tlie ])areiic!iyine wlii(‘li lies 
next the inferior epiderm; in leaves which float on the surface of 
Water, howcvei', they are found in the epiderm of the upper surface 
only : whilst in leaves tlmt. habitmdly live entirely submerged, as 
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there is no distinct ejtiderni, so tliei'e are no stoinates. In the 
leaves of grasses, flieir/s tribe, Ac., they are found equally (or nearb, 
so) on both .surfaces. As a general fact, tliey are lea,st mnneroiis jj, 
succulent plants, whose moisture, obtained in a scanty snppK-. ,,, 
destined to l)e retained in tlie sy.stem ; whilst they abound most in 
those which exhale finid most readily, and therefore ab.sorh it most 
quickly. It has been estimated that no fewer than 1(50,000 are rmi- 
tained in every square inch of the under surface ot the leaves iT 
Ibjdrmmea and of .se\'eral other plants, the greatest numher seeui- 
ing alway.s to he present where the upper surface f)f the Icaws is 
eiiHrely destitute of these organs. In Iris eacli suihicr 

has nearly 12,000 stomales in every square inch ; and iu Yumi (mc]i 
. surfjico has 40,000. In the oleander, Jkinksia^ and some othej* plant s. 
the stomates do not open directly upon the lower surface of t1i(> 
epidtu'iii, but lie in the deepest [tart of little pits or depressions, 
w hich are excavated in it and lined wdth hair.s ; the mouths of tlK-sr 
[)its, witli the hairs tliat line them, are well brought into \-icw l)v 
taking a thin .slice from the surface of the epidcrin with a .slunp 
knife ; but the forin of tlie cavities and the position of ihe stomates 
Ciin only he well made out in vertical .sections of the leas es. 

The internal structure of J^eacef; is best brought into view hv 
making vertical sections, ti'aversing the two layers of epiderin mif] 
the intm-niediate cellular [sarenchyme ; portions of such sections aiv 
shown in fig.s. oGO, o62, and a 03. In close apposition witli the ce]I.< 

of the upper epideini (lig. 
502, «, «), which may oi-mav 
not he perforated witli the 
stomate.s (c, c, d, d). w e linH ;i 
1 a y cr of .soft , t h i n - al k ‘d cel Is. 
v\ith theii' longe.st diaiiicTev 
at rigid/ angles to I he snihice 
of tlie leaf, arid caniaining 
a large quantity of clilom- 
phyll ; these geneinlly |ire>s 
so closely one against an- 
other that theii’ si(le.s hc- 
conie mutually flatteneil. aui 
no spaces are left, sa\ e wlievo 
there isadcfiniteair-chaitihci' 
into wliich the stomate o[teiis 
(fig. r)(>2, e) ; and the coiii- 
[lactness of thi.s .superficial layer is w^ell seen wlieii, as often luqipciis. it 
adheres so clo.sely to the epiderm as to he c.avried away with tins u lien 
it is torn off (fig. 561, c, c). This layer, usually peculiar to the ujipcf 
surface of leavc.s, is knowm as the pcdisade-pareHchi/jne. iicucidli 
this first layei* of leaf-cells there arc usually several others rallicr 
less comjiactly arranged ; and the ti.ssne gradually becomes more 
and inoi-e lax. its cells not being in close apposition, and large inler- 
cellular ])a.s.sage.s being left amongst them, until w^e reach tlie lower 
epiderm, which tlie pareucliyme only touches at certain points, iis 
low’est layer forming a sort of network, the so-called spoiuji/ 



Fio. Sfi’J,- -Vertical section of ejiiderm :uul of 
portion of subjacent parenciiyine of leaf of 
Ins g('nn<(iuc(t taken in a transverse direc- 
tion : u. ((, cells of epiderin; t, t, cells at the 
sides of the stomates ; r, r, guard-cells ; /?, d, 
openings of the stomates; r, c, cavities in the 
parenciiyine into ^vhicll tlie stomates open ; 
t,/, cells of the parenoliyme 
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cl^ 0 ?), witli large inters[)a(:es, into winch tlie stomntos 
It is to this on-ringeinent that the darker shade of green 
almost invariably presented by the upper surface of leaves is prin- 
cipally due, the colour of the component cells of the [jarenchyine 
,11 a being deeper in one part of the leaf than in another. In those 
[dants, however, whose leaves arc erect instead of being horizontal, 
so that their two surfaces are equally ex[)osed to light, the piiren- 
(hviiie is arranged on both sides in the same manner, and their 
vji'iderins are furnished with an equal nnmber of stomates. This is 
tlic case, for example, with tiie lea\-es of the common garden Irk 
(tiir- 503), in which, moreover, wo find a central portion (rf, d) 
tbriiied by thick -walled colourless tissue, very diffeiaait either from 
ur<liiuiry leaf-cells or from w'oody fibre. The explanation of its 
pre.sence is to he found in the peculia.r conformation of the leaves ; 
(br if we pull one of them from its origin, wo shall find that what 
appears to be the fiat expanded blade really ex]joses but lialf its 
surface, the blade being doubled together longitmlinally, so that 
what may be considere<l its under surface is entirely concealed. 



Fig. 5G3. PoLaioii of vertical lon^atuGiiial section of leaf 
of Iris, extending from one of its flattened sides to the 
other: n, a, elongated cells of epidenn ; }>, Ik stomata cut 
tlirongh longitudinally; r, r, green cells of pareiicbynie; 
ff, d, colourless tissue, occupying iiiterior nf leaf. 

The two halves are adliercnt together at their upper part ; but at 
tlieir lower tliev are commonl}' .separated by a new leaf which comes 
up between them; and it is from this arrangement, which resembles 
the position of the legs of a man on horseback, that the leaves of 
the Iris tribe are said to l>e eqnitaid. Now* by tracing the middle 
layer of colourless cells, d, d, down to that low*er portion of the leaf 
where its two halves diverge from one another, we find that it there 
becomes continuous with the epiderm, to the cells of u hicli (fig. 1)63, 
«) these bear a strong resemblance in every res]ieet, save the greater 
jiropoition of their breadth to their length. Another intere.sting 
variety in leaf-.structuro is presented by the water-lily and other 
Itlfints w'hose leaves fiaat on the surface ; for here the usual arrange- 
aient is entirely reversed, the closely set layers of green leaf-cells 
being found in coiittfct with the lower surfiice, whilst all the iqjper 
l)art of the leaf is occiqaed by a loose spongy parenchyme, containing 
a very large number of air-spaces that give buoyancy to the leiff ; 
and these spaee.s communicate with the external air through the 
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niniierous stoiiiates, which, confci'aiy to the general rule, are ln-iv 
found in tlie upper epiderm alone. 

The examiimtion of tlie foregoing structures is attended witli 
very little difficulty. Many epiderms may be torn off, by the e.xc i-- 
cise of a little dexterity, from the surfiees of the leaves tjjev 
invest without any preparation ; tliis is especially the case witli 
monocotyledons generally, the veins of whose leavc.s lain parallel, 
and with such, dicotyledons as have very little woody structure in 
their leaves. In those, on the other hand, whose leaves arefurnisli(.(l 
with reticulated veins to which the epiderm adheres (as is the aise In 
by fur the larger proportion), this can only l>e detached bv fiist 
macerating the leaf for a few days in water; and if their texture 
is particularly finii, the addition of a, few drojis of nitric add to 
the water will render their epiderms more easily sepaiable. Epi- 
derins may he advantageously mounted either in weak spirit or in 
glycerin-jelly. Very good sections of most leaves may be made l)v 
Ji s!un‘p knife, handled by a careful manipulator; but it is generally 
preferable to use the microtome, placing the leaf between two pieces 
either of \'ery soft cork or of elder-pith or carrot, or imbedding it in 
paraffin. ]n order to study the structure of leaves with the fuhK‘s.s 
that is needed for seientilic re-searcli, numerous sections should lie 
made in different directions, and slices taken parallel to the surfaces 
at different distances from them should also be examineil. Idieio is 
no known medium iii which such sections can he preserved altogetliei- 
without change ; but some one of the methods formerly dcseiakeii 
will generally be found to answer sufficiently w^ell. 

Flowers. — Many small flowers, when looked at entire witli a low 
niiigniiying power, are very striking microscopic objects ; ;uid the 
interest of the young in such observations can scarcely be l)ettfr 

excited than by directing tlicir 
attention to the new vie^^■ tlicy 
tlius acquire of the ‘ cojiipo.sile’ 
nature ol' the lunnhle down- 
trodden daisy, or to the 1)e;uity 
of the minute blossoms of many 
of those umbelliferous jilaiif.s 
\vhich ai'e eoniiuoiily regarded 
only as rank weeds. Tlie 
scientific microsoopist, Inw* 
ever, looks mure to the oriraiii- 
sation of the separate parts of 
Fio. 1564. — Celia trom petal of the flower; and among fiiese 

finds abundant sources of 
gratification, not merely to Ins 
love of know'ledge, but also to liis taste for the beautiful . The geuci-al 
.sb'ucture of the sepah and petals^ which constitute the perlnuih. or 
floral envelope, closely corresponds to that of leaves. The jietals 
•seldom contain unchanged chloi-ophyll ; hut usually oitber tlie 
chlorophyll in the petals (and sometimes also in the stqials) is 
changed into a solid yellow pigment {caroiiii) \ or the chloro^byll 
has entirely dis{;ippoai'od, and is replaced by a pigment, blue, nd. 
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mirplCj some other bright colour, anihocjjaa^ eryihrophfll^ itc., 
dissolved in the cell-Siip. There are some pehils whose cells exliihit 
vt'i v interesting peculiarities, either of form or marking, in addition 
ti) tlieir distinctive colonition ; such are those of the Pelargonium, 
(,e hich a siirnll poition is represented in tig. 564. The diffm ent 
p{trtion.s of this petal — when it has been dried after stripping it of 
its epiderm, immersed for an hour or two in oil of turpentine, and 
tlien mnunted in Canada halsjnn— exhibit a most beautiful variety 
of \ ivid coloration, which is seen to exist ehiefiy in the thickened 
piirritioiis of the cells ; whilst the surface of each cell presents a 
’\(‘rv (‘urious opaque spot with numerous diverging prolongations. 
Tliis uietliod of preparation, however, does not give a true idea of 
the structure of the (;ells ; for each of them has a peculiar mammil- 
larv protuberance, the base of which is SLirronnded by hairs; and 
tliis it is which gives the veh ety appearance to the surface of tlm 
petal, and which, when altered by drying and compres.sion, occa' 
sioiis tliB peculiar spots represented in lig. 564. Tlioir real cliaractei- 
may he brought into view l)v Dr. Inmanh metliod, wliich consists 
ill drying the petal (when stripped of its e[)iderm)'ou a slip of glass, 
(o which it adheres, ami then placing on it a little Canada, hal.snn 
diluted with turpentine, which i.s to 1x3 boiled for an instant over 
file spirit lamp, after which it is to be cover eil with a thin glass. 
The boiling ‘ blisters’ it, but does not remove the colour; and on 
exaiiiinatiun many of tlie cells will lie found showing the mammilla 
\'ery distinctly, with a score of hairs surrounding its base, each of 
these sliglitly curved, and pointing towards tlie apex of the mammilla. 
Tlie petal of the common scarlet pimpernel {Anagallis arcensis), 
that of tlie common chickweerl (Stdlaria media), together with many 
others of a small and delicate character, are also very beautiful 
microscopic objects; and the two just named are peculiarly favour- 
al)le subjects for the examination of the spiral vessels in their natural 
jKisition. For the ‘ veins ’ w hicli traverse these ])eta]s are entirely 
made up of sjiii'a! vessels, none of wliich individuallv attain any 
great length, lait one follows or lakes the jilace of another, ili'e 
conical commencement of each somewdiat overlapping tlie like termi- 
nation of its predecessor; and wliere the ‘veins’ seem to hraiich, 
tliis does not liappeii by the bifurcation of a spiinl vessel lait hv 
tlie ‘ splicing on ’ (so to speak) of one to tlio side of another, or of 
two new vessels diverging from each oilier to the end of tlmt whicli 
formed the principal vein, 

The .Dit/'crs and yW/ea-j/ra/as also present niiniernus objects of 
great interest, both to the .scientific botanist and to tlie amateur 
micro.vcopi.st, In the first place, they afford a good (>p}K)i'timitv of 
'tiidying that form of ‘ free-cell-formation ’ which .seems peculiar to 
tile parts comanmed in the reproductive process, and w liicli consists 
m tile development of neiv cell-walls round a, iininlier of isolated 
i!ias.ses of protoplasm forming parts of the contents of a })ari*nt 
cell, so tJiat the new cells lie free within its cavity, in.stead of being 
t'rmed by its subdivision, ms in the ordinary method of nuiltipliea- 
timi. If tlie anther he examined by tliin sections at an early stage 
'f' its development within tlie young tlower-hnd, it will be found to 
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])e made up of ordinary cellular })arenchYiiic in which no poculiai-:; v 
anywhere allows itself; hnt a gradual differentiation speedily tab’s 
place, consisting in the development of a set of very large celU 
two vertical rows, wluch occupy the place of the loculi or • polt u 
chambers ' that afiei-wards present themselves ; an<l these cells 
origin to the pollen-grains, whilst the ordinary pareuehyine rejuidi.s 
to form the walls of the pullen-chambers. The pollen-grains aix* 
f(U'Uie<l witliiu ‘mother-cells,' the endoplasm of each breaking ii)i 
into four segments. These lje(‘oiue invested by a double envelope, a 
firm extiue, and a thin iutiu^ ; and they are set free, when matmv. 
by the bursting of tlu' pollen-chambers. It is not a little cmhjiis 
that theia}er of cells which lines tlie pollen -(hamber.s slionld oxliihit. 
in a considerable proportion of plants, a strong resemblance in stim-- 
t ure, thougli not in form, to the elatevs of Jfnrckantia (fig. .hiG). 
Kor the V have in their iuteihir a fibrous depo.sit, which sonicliiiHs 
forms a continuous spiral (like that in fig. 532), as in yorcisfui.^ aiul 
/[ifosci/amus ; but it is often In-oken up, as it \vere, into J'ings. a.s in 
the Inn and livacinth ; in many instances it forms an irregnlai' 
network, as in the violet and saxifrage ; in other cases again, a 
set of interrupted arches, the filnes being deficient on one sale, as in 
tlie yellow water-lily, bryony, primrose, itc. ; whilst a very peciili.ir 
stellate aspect is often given to these cells Ity the convergence oJ' the 
interrupted fibres towards one point of the cell- wall, as in the cactus, 
genininm, madder, and many other well-known plants. Various 
intermediate modifications exists ; and the particular foiiii presented 
often vai'ies in difiercut parts of the wall of one and the siuue autiier. 
It seems prolmhle that, as in Hepatica^ the elasticity of the.se spii-ti 
cells may ha^ e some share in the ojjening of the pollcu-chaiiihcrs iOid 
in the dispersion of the pollen -grains, 

I'he form of the pollen-grains seems to depend in part u[ion the 
mode of division of the ca\ Lty of the parent cell into quartn-s ; 
generally .speaking, it apiiroaclics the spheroidal, hut it is very tifteii 
ellitttical, and sometimes tetrahctiml. It varies more, Imwever, 
when the pollen is diy than v hen it is moist ; for the effect of tlio 
imbibition of fluid, ^^'llic*h usiiidly takes })lace when the pollen is 
placed in contact with it:, is to soften down angulavitie.s, and to 
hi-ing the cell nearer to the typicid spliei'e. The extine, or outer 
coat of the polleii-gi-ain, often exhibits very curious markings, which 
seem due to an iiici'eased thickening at some points and a thimiii'g 
away at othens. Sometimes these markings give to the surface la\ei 
so close a resemblance to a stratum of cells (fig. 565, _H, C, D) fh>t 
only a very careful examination can detect tlie diflercnce. le 
roughening of tJie surfiice liy spines or knobby protuberances. u> 
.shown at A, is a very common feature; and this seems to eiia >le 
the pollen 'grains more readily to hold to the surface wheicoii t >c\ 
maybe eirst. Besides these 'and other inequalities of the smtace, 
most pollen-grains have what a])j)ear to be pres or 
extine (varying in number in ilifl'erent species), through lu i ' 
intine ]irotrudes itself as a tube, when the bulk of its 
been ineimsed by imbibition. Jt seems proliable, howe\ei,^ la 
extinc is not absolutely deficient at these points, hut is on } t nun 
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-\vav. Sometimes the pores are covered by little disc-like pieces or 
lids,* which fall off when the pollen-tuhe is protruded. This action 
i;ikes place naturally when the pollen-giuins fall upon the surface of 
tj,e stigma, which is moistened with a viscid secretion ; and the 
pollen-tubes, at first mere pi'olrusioiis of the inner coat of their cell, 
insinuating themselves between the loosely packe<l cells of the stigma, 
<ri ow downwards tbrougli tlie style, sometimes even tn the length of 
K-veral inches, until they reach the ovary. The first change, namely 
the protrusion of the inner membrane through the pores of the exterior, 
mav be made to take place artificially by moistening the pollen 
with water, thin syrup, or dilute acids (difi'erent kinds of pollen- 
trmins requiring different modes of treatment) ; but the subsequent 
extension by growth will only take place under the natural con- 
ditions. By treating some pollen-gi-ains, as those of Ulmm 
japonicim-, L. ruhrmn^ or L. auratvm, with the viscid liquid abuu 
'daiitly secreted by thestignia, 
not only may the extrusion 
and lengthening of the jiollen- 
tiibes lie watched, but the 
(Trains wtth tlieir extruded 
ta l ies may be preseiwed a linost 
niK-banged by mounting in 
this liquid. 

The darker kinds of pollen 
niav be generally rendered 
transparent by m (muting in 
Canada balsfim ; or, if it be 
desired to avoid the use of 
lieat, in the benzol solution 
of Canada balsam, setting 
aside the slide foi' a time in 
a warm place. Foe tlie less 
rqiaque jxdlens the ilainmar 
solution is preferable. Tiie 
more delicate pollens, liow- 
ever, become too transparent 
in either of these media ; and it is consequently prefenible trj mount 
them either dry, (tr (if thev will bear it without rupturing) in fluid. 
The mast interesting forms are found, for the most part, in plants 
of the orders Amo'anthacfio'^ C ichor hicexi:’, Citciirbiiace(e, Afalracea-, 
and Passiflffi'ed' \ othei’s are finaiislied also by Convolmlus, iaw- 
'pmula^ (Enothera, Pelurifoninm, [^^vMii\\va),Polygomim, Sedxm, and 
many other plants. It is frequently ]>referable to lay dowm the^ 
mitii-e anther, witli its adherent pollen-grains (where these are of 
a kind that hold to it), as an opiqiie object ; this may be done with 
great advantage in tlie case of tlie common mallow (dfn/ra 
veMHs) or of the liollyhock (AUhdv I'osea), the antliei'S being picked 
soon after they have (ipened, whilst a large pro^xn-tion of their jiolleii 
is yet undischarged, and laid downi as flat as possible, before 
they have begun to wither, between tw^o pieces of .smooth blotting- 
paper, then subjected to moderate pressure, and finally mounted 



Fir,, yf).").-— Pollen -grains of— A, AlfJuf'o rvneo 
(hollyliock) ; B, Cobaa scandem ; C, Ptissi- 
ford r(eruJm\ Lpoauftt 2)»qjurn\. 
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ui)oii !i black surface. They are then, when properly il]unu!i;iT..ii. 
most beautiful objects for objectives of 1-, iJ-j or 2-in. fn u-v’ 
especially with the binocular microscope.^ 

There are, in fact, few more interesting objects for the vouiti- 
microscojast than pollen -grains, both from the case with wliieh tiicv 
can always he procurcfl, and the almost infinite variety and beautv 
in their forms. Some of the commonest weeds, such as the diunleliuii 
cand groundsel, are distingni.shed by the beauty of their pollen-gi ains. 
The grains are soiuetiiiies nearly oi* quite spherical, as in the luu.el, 
birch, or [loplar; or of very irregular outline, a.s in many grasses! 
But tlie most coinioon form is elliptical, with thi'ee or five loiiih 
tudinal furrows, as in the wallflower, hyacinth, and crocus, tIio 
surface being sometimes covered with warts, as in the snowdinji. 
In the fuchsia tliey are triangiilar. In addition to the inullow .aid 
hollyliock, spiny pollen-grains (x-enr in tlie groundsel, dandelimi. 
Ciiwayia, and many other [)larits. Sninetimes the grains are tmiteil 
together by <lelic:ite threads, as in the KhododeadfOti and fuchsiti : 
and this union is much more complete in the OrchidHf -.md Asclr- 
piadeiC, where the wliole of the pollen in eacli anther-lobe is glui'd 
together by a viscid substance into a club-sliaped poUhihim, or jKtllrn- 
mass. Ill what are called anymopJuloua flowers, in which tlie poilen 
is carried througli the air by the agency of tlie wind, tlie grains arr 
small, light, drv, and usually sphei'ical ; while in eidomi>phlli)i>^ 
flowers, the ])ollen of which is carried from flower to flower hv 
insects in search of honey, the various forms above described, aiiil 
manv others, are ada]ited to cause the grains to adhere to theliairv 
under side of the hndy of the insect, and thus promote their ilis- 
peision. The Niirions s}»ecies of Kpilohlnm (willow-lieih) mikI 
(Emihyyo (evening primrose) are \'ery fai’om'ahle objects for ob- 
serving the emission of polien-tuhes and their entrance into the 
stigma. 

The >tructure and development of the that are pro(hice<l 

within the ovary at the base of the jiistil, and tlie operation in wliicli 
their fertdisHtion essentially consi.sts, are subjects of in\estigatin]i 
which hai'e a peculiar interest for scientific botanists, but whiclt. in 
consequence of tlie s[)eeial difficulties that attend the imjniry, air 
not commonly regarded as within the province of ordinary niicrn- 
.'^capi>ts. Some generd instructions, lm\vB\'er, may [irove useful to 
such as wouhl like to inform themselves as to the mode in which the 
generative function is performed in phanerogams, hi tracing the 
origin and early history of the ovule, very thin sections sliouhl he made 
through the flower-bud, both vertically and transversely ; but when 
the ovule is large and di.stinct enough to he sepanitely examined, it 
should be placed on the thumb-nail of the left hand, and very thin 

’ It sometimes 1iiq>i")ens that, when tlie pollen of pines or firs is set free, ta-j'C 
quantities of it are carried by the wind to a great distance from the woods mid 
plantations in which it has been produced, and are deposited as a fine yellmr ihi>i, 
so strongly resembling sulphur as to be easily mistaken for it. This . 

general diffusion of sulplmr (such as occurred in the neighbourhood 
in 1879} has frightened ignorant rustics into the belief tliat the ‘ end of the \uin< 
was at hand. Its true nature is at once revealed by placing a few grams of ii o"'- '* 
the microscope. 
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sections made with a sharp mor ; the ovule should not be allowed 
TO dry up, and the section should be removed fi-om the blade of the 
razor by a wetted camel-hair pencil. The ti'acing dowiiwai-ds of the 
pollen-tubes through the tissue of the stvle may be accomplished by 
sections (which, however, will seldom follow one tube continuouslV 
for any great part of its length), or, in some instances, by careful 
,!issectiou with needles. Plants of tlie Orchis tribe are the most 
litvounible subjects for this kind of investigation, which is liest 
oio ried on by artificially applying the pollen to the stigma of several 
dowers, and then examining one or more of tJie styles daily ‘If 
the style of a Hower of ^pipaclh; says Scliacht, ‘ to which the pollen 
],;,s be<m applied about eight days previously. ])o examined in the 
iiiaiiuer above mentioned, the observer will be surprised at the 
extraordinary number of pollen-tubes, and he will easily be -ilde to 
trace them m large strings, even as far as the ovules. Viola \rkohr 
(lieartscase) and Ribes nigrum and ruhriim (black and red currant) 
are also good plants for the purpo,se ; in the case of the former plant 
withered flowers may be taken and branched pollen-tubes will iiot 
imfrequeiitly be met with.’ The entinnee of the polleii-tu)>e into 
the micropyle may be most easily observed in ordudai-eous plants 
and in Euphrasia, it being only neeessarv to tear open with a needle 
the ovary of a flower which is just witliering, and to detach from the 
placenta the ovules, almost every one of which will be found to have 
a pollen-tube sticking in its micropyle. Tliese ovules, however, ar^ 
too small to allow of ' ‘ 

sections being made, 
wlicrcby the origin of 
the embryo may be dis- 
cerned ; and for this pur- 
pose, O’Jnothera (evening 
p)i‘ inro.se) liasbeen liad re- 
course to by Hofmeister, 
wliilst Schacht recom- 
iiK'nds Lathrcea sqmm- 
aria, Pedicularis palm- 
iris, and particularly 
Piidicularis sylm t ka. 

We have now, in 
the last place, to notice 
tile chief points of iiit-er- 
cst to the microscopist 
ivliicli are furnished by 
liuiture seeds. Many of Seeds as seen under a low magnifying 

J|;e ..Her .../of S//, 

tliose bodies are very (dove-pink) ; E, 

curious, and some are very beautiful objects when looked at in tJieir 

naturid state under a low magnifying power. Thus the seed of the 

|)oppy ,^fig. ;)00, j\^) presents a reguhm reticulation ujion its surlace, 

pits, tor the most part hexagonal, being left between projecting walls ; 

m ot the pink ( D) isregnlarly covered with curiously jagged divisions 
< HTy one of whicli has a small bright black hemispiierical knob in its 

3.\2 
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iiiidJle ; that of Amamnthis hypochondriaciis has its surfa<j€ tract-d 
witli extremely delicate markings (B); that of Antirrhinwn L 
strangely irregular in sltape (0), and looks almost like a piece uf 
fiirnaee-slag ; and those of many Bignoniacm are remarkable for tlic 
beautiful radiated structure of the ti'anslucent membrane whlcli 
siuroimds them (E). This structure is extremely well seen in 
the seed of Km'ennocarpuH sca}m\ a half-hardy climbing plant 
common in oui- gardens ; and when its membranous ‘ wing ' is 
examined under a sufficient magnifying power, it is found to he 
fi li med by an cxtraordinaiy elongation of the cells of the seed-coat 
at the margin of the seed ; the side-walls of which colls (those 
namely, which lie in contact with one another) being thickened sons 

to form radiating ribs for the support of the wing, whilst the front 

and liack w^alls (which constitute its membranous surffice) retain tlieir 
original transparence, and are marked only with an indication of 
spiral deposit in their interior. In the seed of Dictijolonui pemviam 
besides the principal Sving' prolonged from the edge of the seed- 
(Miat, there is a series of .snccessively smaller wings, wffiose raarwins 
form concentric rings over either surface of the seed ; and all 
wings arc formed of ladiating fibres only, composed, as in the pie 
ceding case, of the thickened walls of adjacent cells, the inteivenin^f 
membrane, originally formed by the fi*ont and back walls of the>e 
cells, having disappe<ared, apparently in consequence of being un 
sup]X)rted by any secondary deposit. Several other seeds, as tiiose 
of Aphenogym speciosa and Lophosperimim erahescmiH^ possess win*'^' 
like appendages : but the iiio.st remarkable development of these 
organs is said by Mr. Quckett to exist in a seed of Calomntim 
indica^ an East Indian plant, in which the wing extends more than 
an inch on either side of the seed. Some seeds are distinguished iiy 
it pec'uliarity of form wdiich, iilthoiigh readily discernible bv tlie 
naked eye, becomes much more striking when they are view ed iiinler 
a vei-y low magnifying j>ower. This is the case, for example, witli 
the seeds of the cai rot, whose long mdiating pi’ocesses make it lieai’, 
under the microscope, no trifling resembhmee to some kinds of star- 
fish ; and with those of Cyavthus minor, which bear about the saiiie 
degree of reseiidi lance to shaving-brushes. In addition to the pre- 
ceding, the following may be mentioned as seeds easily to be 
obtained and iis worth mounting for opaque objects \ -Ana(j(dUs, 
Anethmn graveohns, Begonia, Varum carui, Coreopsis tlnctorla, 
Datura, Delphinbm}, Digitalis, Klatine, Erica, Gentlana, (lesnera, 
Hyoscyamus, IDjperimm, Lepidium, Limnocharis, Limiria, Lychnis, 
Mesembryantkemum, yicotiana. Origanum onites, Orohanche, PeUima, 
lit^seda, Saxifraga, Acrophularia, Sedum, Sempefrvivum, Alkm, 
Atdlaria, Aymphytam asperrimum, and Verbena, The following 
may be mounted as transparent objects in Canada balsam: 
Droscra, llydrangea, Monotropa, Orchis, Parnassia, Pyrola, Aaxi- 
fraga,'^ The seeds of umbelliferous plants generally are remarkable 
for the peculiar vittce, or receptacles for essential oil, which are 
found in the closely applied pericarp) or seed-vessel wffiich encloses 


A part of tbege lists Iiavci been rterivecl from tlie Mlcrogrcrphic Diclionanj- 
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them. Various points of interest respecting the structure of the 
iesta or envelope of seeds, such as tlie fibre-cells of Cohma and 
('vllomiu, the stellate cells of the star-anise, and the densely con- 
.<(tlidated tissue of the ‘shells' of the coquilla-nut, cocoa-nut, tte. 
Jurying been already noticed, we cannot liere stop to do more than 
advert to the peculiarity of the constitution of the husk of conr- 
gi-ains. In these, as in other grasses, the ovary itself continues to 
envelop the seed, giving a covenng to it that surrounds the testa, 
and closely adhere.s to it. The ‘ bran ’ detaclied in grinding consists 
}\ot only of these two (mts, but also (as the microscope reveals) of 
an outer layer of the grain itself, formed of hexagonal cells disposed 
with great regularity. As these are filled with (jluten, the removal 
of this layer takes away one of the mast nutritious prts of tlie 
gi-ain ; and it is most desirable, therefore, that only the t^vo outer 
indigestible coats should be detached by the ‘ decorticating ' process 
devised for the purpose. The hexagonal cclllayer is so little altereil 
])y a high temperature as still to be readily distinguishable when 
the grain has been gi-ound after roasting, tlius enalding the 
niici-oscopist to detect even a small admixtui’e of roasted (-orn witli 
coffee or chicory without the least difficulty.^ 

1 In a case in which the Author was called upon to make such an investigation, 
lie found as many as tJiirfy distinctly recognisable fragments of this cellular enve- 
lope in a single grain of a mixture consisting of chicory witl] only 5 per eent of 
roasted corn. 



CHAPTER XII 

MICIiOSCOPIC FOBMS OF ANIMAL LTFE-PIiOTOZOA 

Passi.no on, now, to the Animal Kingdom, we begin by direetiiitr 
oiir jittention to those minute and simple forms which correspoiKl in 
the animal series with the Protophyta in the vegetable (Chap. Vlll) • 
and this is the more desirable since the formation of a distinct fu-oun 
to which the name of Protozoa (first proposed in this sense l)v 
Hiebold) may be appropriately given is one of the most iiiterostiii'r 
results of microsc‘Of)ic inquiry. This group, which must be placed at 
the very base of the animal scale, is characterised by the apparent 
.simplicity that prevails in the stiTicture of the beings that compose 
it, the lowest of them being .single protoplasmic particles or ‘ielK ' 
s[iecks,’ wlill.st even among the highest, however numerous thJii- 
units may be, these, are (as among mere repetitions of one 

another, each cjipable of maintaining an independent existence. In 
this there is a very curious and significant parallelism to tlie earliest 
embryonic stage of higher animals; for the feitiltsed germ of any one 
ol these first sliapes itself as a single cell, and then, by repeated binary 
subdivisions, develops itself into a imnda or ‘mulberry-mass’ of 
cells, corresponding to tlie ‘multicellular’ organisms met with 
among the higher Protozoa. There is, so far, in neither ciise any 
sign of that ‘ differentiation’ of organs whicli is characteristic of the 
higher animals ; but wliilst, in the Protozoon, each cell is not merely 
similar to its fellows, but is independent of them, the in 

such as go on to a higher sbige, becomes the subject of a series of 
<levelopmental changes tending to the production of a single whole, 
v\ hose parts are mutually dependent. The first of these changes is 
its conversion into a (jaMrula or primitive stomach, whose uall is 
formed of a double inembiune, the outer lamella, or ectoderm^ 
being derived directly from the external cell-layer of the morula 
whilst the inner, or endoderm, is formed by the ‘ invagination ’ of 
that layer into the space left void by the dissolution of the central 
cells of the ‘ morula.’ This yastrula- stayed as we shall see hereafter, 
remains permanent in the gieat group of Codentera, tliough the 
eiidoderm and ectoderm are separated from each other in its higher 
forui.'^ by the development of generative and other organs between 

^ The terms epiblasi and hypohlmt are generally used by English embryologists 
in place of the ‘ ectoderm ’ and ‘ endoderm’ used here, 

- The gantrul-a-staffe is in a number of cases brought about by a concentric split- 
ting of the walls of the morula into two layers, and by the appearance at one point 
of an orifice which leads into the central cavity ; this cavity is the original seginentii- 
tiou cavity of the morula, and not a fresh cavity, as in ‘ invaginate gastrulw.' 
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tjiciii. in all c‘l^l^^ses above tht; ctelenterates the primitive 
Sfoinsich forms a part, and often only an insignificant pait , of the 
whole digestive tract. Thus the whole animal kingdom may be 
iliviiled, in the first place, into the Proihjzoa, which are eitlier single 
trl]- or aggregates of similar cells corresponding to tlie monda- 
t,T.!ge of higher types ; and the Metazoa, in which the morula takes 
Ml i the condition of an individualised organism, the life of eveiy part 
„f which contributes to the general life of the whole. Putting this 
important truth into other words, we may say of the Protozoa that 
t!u v are either unicellular or nnicellular aggregates, while the 
Motazoa are mnlticellular, and their constituent cells have different 
{uiK'tions. 

The lowest of the Protozoa^ however, like the simplest proto- 
pi ivtes, do not even atbihi the rank of a true cdL understanding 
hv tliat designation a definite protoplasmic unit {pladkl), which is 
limited by a cell-wall, and contains si ‘ nucleus/ For tliey consist 
of particles of protoplasm, tenned ‘ cj'todes,' of iiulefinite extent 
wliicli have neither cell-wall nor nuclens, but which yet take in and 
digest food, convert it into the material of their own bodies, cast out 
llic indigestible [)ortions, and reproduce tlieir kind, with the regu- 
lai'ily and completeness that we have been accustomed to regard 
iiv cliaractcristic of higher animals. With regaril, however, to this 
apparent absence of a nucleus we have to bear in mind that the 
progress of research i.s continually diminishing the number of forms 
ile\ oi<] of a nucleus, or, at any rate, of a nuclear material scattered 
tlinmgliont the substaiu'e of the plastid ; in retaining, therefore, the 
gi-oup of non- nucleated Protozoa we are acting on the principle of 
not going beyond our evidence, and hy no means reflecting on the 
lator systematists who have merged the \arions types (whether 
nucleated or non-nucleated) among other divisions of the Protozoa . 
IVtweeu some of these Monei'ozoa (as they have been designated 
ly Professor Haeckel, who first drew attention to them) and the 
M i/xrnut/ceks or the (Jidamydonip'a already described, no definite 
lim^ of division can be dmwii, the only justification for the separa- 
timi here adopted being that the affinities of the former seem to 
be rather with the lowest forms of vegetation, whilst the whole 
life-history of the now' to be described, and the connected 

graduation by wliicli they pass into undoubted rhizopods, leave no 
doubt of their claim to a place in the animal kingdom. 

Moxeuozoa. 

A characteristic example of this lowest protozoic tyi>c is presented 
ly the Protomym aurantutca (fig. 567), a marine ‘ moner ’ of an 
orange-red colour, fouml by Professor Haeckel upon the dead shells of 
^^piruh \vhi(ih are so abundant on the shores of the Canary Islands, 
lu its active state it has the stellar form shown at F, its arborescent 
extensions dividing and ino.scnlating so as to form a constantly 
ciiiiuging network of protophusinic threads, along which stream in all 
directions orange-red granules, obviously belonging to the body 
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itself, together with foreign organisms (h, c)— sucli asmarinedintt,!,!. 
radiolariaiis, and infusoria— which, having l>een entrapped in ti'^ 
pseiulopodial network, ai-e carried by the protoplasmic stream 
thccenti'al mass, where the nutrient matter of their bodies is e^rat-r. .1^ 
the hard skeletons being cast out. Neither nucleiLs nor contmrf i'le 
ve.sicle is to be discerned, but numerous floating and inconstant vacu 
oles («) are dispersed tii rough the substance of the body. A fter a timti 
tlic currents become slower ; the ran^ified extensiori.s are giadual] ■ 



Fio. 567 . — Prntonnjxa auraiitiava : A, encysted statospore; B, inci- 
])ient forniatioD of swaini- spores, shown at C escaping from the cyst, 
at D swimming freely by their flagellate appendages, and at E creep- 
ing in the aincehoid condition ; F, fully developed reticulate organism, 
shnwiner numerous vacuoles, a, and captured prey, b, c. 

drawui inwards ; and, after ejecting any indigestible particles it may 
still include, the body takes the form of an orange-red sphere inniul 
which a cyst soon forms itself, as shown in A. After a period of 
quiescence the protoplasmic substance retreats from the interior of 
the cyst, and breaks upinh) a number of small spheres (H), which, ot 
first inactive, soon begin to move within the cyst, and change tlicir 
shape to that of a pear with the small end drawn out to a jioint. 
The cyst then bursts, and the I'ed jjcar-shaped bodies issue forth 
into the water (0), mo\ irig freely alx)ut by the vibrations oi 
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furl lied by the drawing out of their small emls, just as do the 
tiii. debated" zoosiiores of jirotophytes. These bodies, being witliout 
Jv;u>e of either nucleus, conti^actile vesicle, or cell-wall, are to be 
icijarded as particles of simple homogentous pvotoplasiii, to which 
tJi^ designation plaUid'aks lias been appnijn-iatoly given. After 
about a day the motions cease; the tiagella are drawoi in, and the 
].l;tstidiiles take the form and lead the life of Amoiha, putting forth 
inconstant pseudopodial processes, ami engulfing nutrient par-tides 
in their substance (D). Two or more of these amcebiform bodies 
nnite to form a ‘ plasmodium,’ as in the Myxomycetes^ its paeiulo- 
podial extensions send out branches which inosculate t<i form a net- 



Fio. sjuroinjrx, as seen nt A, sacking out contents 

of \ at B in eiicvsted condition |tlie cyst a enclosing 

giamilar protoplasm fc; at C, division of contents of cyst into 
teti'usjjores, of wliich one is cscujiing in the amreboid condition 
to develop itself into the adult form shown at D. 

work ; and the body grows, by the ingestion of nutriment, to the 
size of the original. In this cycle of change ther e seems no inter\ en- 
tion of a generative act, the coalescence of the amaduform plastidules 
having none of the characters of a true ‘ conjugation,’ But it is by- 
no means improbable that after a long course of multiplication by 
successive subdivisions some kind of conjugation may intervene. 

Another very interesting Mnoneric’ type is the Vavipyrella, 
ol which one form (fig. 568) lias long been known in its encysted 
condition as a minute br ick-red sphere attached to the filaments of 
the conjugate Spiroyyra; whilst another (fig, 569) similarly 
attaches itself to the branches of Gomphonema. The walls of the 
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cy.st.s are eouiiMJsed of two membranes, of which the intci ior (ji v,., 
tile eharacteT'istic reaction of cellulose, whilst the softer extei i’. ! 
layer is nitrogenous. After remaining some time in the quie^ct j- 
condition the encysted jjrotoplasm breaks up into two or tu n- 
■ tetrasjK)T‘es ’ (fig. oOO, b, d ) ; these escape by openings in the cv 4 , 
(fig. 568, 0), an<l soon take the spherical form, emitting verv sleiri)']- 
pseudo[X)tlial filaments (figs. 568, D, 569, e) like those of an AcfJtfo- 
phrys, but posses.sing neither nucleii.s nor contractile vesicle. In this 
condition they sliow great activity, moving about in search of th,, 
special nutriment they i-eipiire, drawing themselves out in sti in^N 
and fine filaments wliich tear asunder and again unite to sen<l nfl’ 
hi'iuiches and form fine fan-like 'exjtHiisions, a,nd these oecasicnallv 
contracting again into minute spheres. When the T. spim/iyv i> 
watched in water containing .some filaments of Spirogyra, it niav ])(; 
seen to wander until it meets one of tliese filaments, to wbicli. if it 
be liealtliy and loaded with chlorophyll, it atteches itself. It som 
begins to perfointe the wall of the filament ; and when the intei'ioi- 
of this lias been reached, its eudojilasin, carrying with it tlie chlom- 
phyll-gntnules it includes, pisses slowly into the body of the Vffni- 
pyj'dla, Jn this liuinuer cell after cell is emptied of its contents; 
and the plunderer, satiated with fixxl, resumes its quiescent spherical 
form to digest it. The chloiophyll-gi'anules w^hich it has ingestnl 
become diffiised through the body, but gradually cease to lie (list in - 
guishable, the protoplasmic mass assuming a brick-red coloin . The 
fii'st layer it exudes to form its cyst is the outer or nitrogenous invest- 
iiieiit, witliiu which tlie cellulose layer is afterwards formed. Tiic T, 
gomplionematis in like manner creeps over the stems and branches of 
the Gomphonema (fig, 569, ?), adapting itself to the form of its snj) 
port ; and as soon as it has reached one of the teiminal siliceous cells 
of the diatom, it extends itself over it so as completely to envelop 
tlu* cell in a thin lavor of protoplasm. From the surface of tins a 
number of fine pseudopodia radiate into the sun-onnding water ( /'); 
wliilst another poidion of the protoplasm finds its way between tlie 
two siliceous valves into the inteidor, and appropriates its contents. 
The valves, when oinpticil, break off from their support, and are cast 
out of the body of the Yavipyrella, which soon proceeds to another 
Gomphomma-Qd\ anA plunders it in the same manner. After tlius 
ingesting the nutriment furnished by seveml cells, and acipiii ing its 
full size, it passes, like spirogyree, into the encysted condition, 
to recommence — after a period of quiescence — the same cych’ of 
change, Mr. Bolton discovered near Birmingham, and Professor Ihiy 
IjMiikester described, a form allied to VampyreUa—Archerina Boltoni 
— which is remarkable for being chlorophyllogenous ; tlii.s species 
pre.sents another interesting peculiarity Groups of ghost like 
outlines correspond ing to chlorophyll -corpuscles and their radiant, 
filamentous psendopodia, entirely devoid of any substance, were 
observed, and were compared to the numeroas cellulose chambers 
which are secreted and abandoned by the protoplasm of (fdouoj- 
ilmmjxa. 

Intermediate between tlie fore^ing and the * reticiilarian rhizo- 
|)od.s to be presently de.scribed, is another simple protozoan di^• 
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in ponds in (Teniiiiny })y MM. Claparede and Lachmann^ 
named by them Liehei'hiehma Wayenfri} The wlade snb- 
ItaiH'e of the body of this animal and its j^seiidopodial extensions 
pp, 570 ) is comiwsed of a homogeneous, semidluid, granular ]*roto- 
nlioiiu the pai'ticles of which, when the animal is in a state of 
.irti\ityj are continually performing a circulatory movement, whieli 
laay l>e likened to the rotation of tlie particles in the proto[dasmic 



Fio. 509 . — Vampiirella qwnyhonvmutiH', A, colony of 
Gomj)}ionema attacked by Vainprirelhe'^ encysted state; 
t, hf cysts with coiiteiita breaking up into tetrasporea, d, d, 
seen escaping at e\ at / is shown a Vampyrella sucking out 
contents of -cells, the emptied Irustules of 

which, g, /?, are cast forth, B, isolated VamyyreUo creeping 
about by its e.xteiided pseudopodia, 

network within the cell of a Tradesc<intla. It is a marked peculiarity 
of the pseudopocUal extension of this type that it does not take j)lace 
In I'lidiation from all parts of the body indifferently, but that it 

fio Infusoires et le$ Bhizopodes, Geneva, 1858-1801. The beautiful 

gwe of Lieberkueltnia , given by M. Chipurcde, has been reproduced by the Author 
® riate I. of his IntroducfioJi to the Studg of the Foreoninifera, 
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proceeds entirely from a sort of trunk that soon divides into brunches 
which again speedily multiply by further subdivision, until at last 
a multitude of finer iuid yet finer threads are spun out by wliose 
continual inosculations a complicated network is pixxluced. Mhich 
may be likened to an animated spider’s web. The protoplasm is 
invested in a very delicate and closely applied envelope. Any small 
alimentiiiy paitieles that may come into contact with the ghitii^oui 
surface of the pseudopodia are retained in adhesion by it, im,i 
speedily partake of the general movement going on in their suh- 
starice. This movement takes place in two principal directions— 
from the body towards the extremities of the pseudopodia, and from 

these extremities back to the 
body again. In the largn 
blanches a double current mav 
lie .seen, two streams iKissin'i; 
at the same time in opposite 
directions ; but in the 
filaments the current is .siuglr 
and a gi'aniile may be seen to 
move in one of them to its vei v 
extremity, and then to I'efinn, 
peihaps meeting and caiuying 
back with it a granule tint 
was seen advancing in the 
Opposite direction. Even iu 
tlie broader processes graniih^ 
ai'e sometimes ohser^ ed to come 
to a stiind, to oscillate for a 
time, and then to take a rerm 
grade course, a.s if they hiid 
been entangled in the op]x)dii}: 
current, just as is often to he 
Fig. hl{).-LieherkHehnia Wagenen. seen ill Chara. When a granule 
arrives at a, point wliere a lihe 
ment bifurcates, it is often arrested for a time, until diawn into one 
or the other current ; and when carried across one of the bridge- 
like connections into a different band, it not unfretpiently meets a 
current proceeding in the opposite direction, and is thus carried bach 
to the body without having proceeded very far from it. Tim 
pseudopodial netw^ork along which this ‘ cyclosis ’ tnkes place is con- 
tinually undergoing changes in its own arrangement, new filament.^ 
being put forth in diiferent directions, sometimes from its maigm. 
sometimes from the midst of its ramifications, whilst others aw 
retracted. Kot un frequently it happens that to a spot where two or 
more filaments have met, there is an afflux of the protoplasimc sii 
stance that causes it to accumulate there as a sort of seconds ryoentn*. 
fi’om which a new radiation of filamentous proeesse.s takes pact- 
Occasionally the pseudopodia are entirely retracted, and all activi } 
ceases ; so that the body presents the appearance of an inert iii^F 
But if watched sufficiently long its activity is J-esuined so » u 
may be presumed to have been previously satiated with foot , w 
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\ undergoing digestion during its stationary j>eriod. No encysting 
^ • vfss lias been noticed in Li^berkuehnia ; i)nt Cienkowsky has dis- 
. ) In-ed that in pahtdosa reproduction is eftected by a process of 
which commences with the formation of a new' psemhijxxlial 
<t dk at the base of the animal, tlie envelope being perfoi-ated at this 
^Hiint. As the marine type of it occurs on our own coa<sts, the fresh- 
Ivitcr type may very likely be found in our {xmds, and either may 
W‘ recommended as a most worthy object of careful study. 

IlniZOPODA. 

We n(nv an-ive atthegitmpof rArtoyjoc/s, or ‘ root-footed ’ animals, 
tii>t established by Dujardin for the receptioji of the A vmha and its 
iillies, which had l^eeii included by Professor Ehrenberg among hi.s 
liifusory animalcules, but whicli Dujaitliu separated from them as 
Peim^ mere particles of sarcode (protoplasm), having neither the defi- 
nite body-wall nor the special mouth of the true Inf usoria^ but put- 
tiiiff forth extensions of their saroodie substance, wdiich he termed 
^isciidopodia (or false feet), serving alike as instruments of hx-omotion 
;,iul as prehensile organs for obtaining f(X)d. A ceording to nujardin’s 
definition of this group, the Momro^ou, already described, would be 
included in it ; but it seems on various grounds desiralde to limit the 
term Bkizopoda to those Protozoa in wliicdi the presence of a vucleus, 
the (liflereutiatioii of an ectosccrc (or firmer superficial layer of jiroto- 
plasui) from the semi-fluid eiulmarc, together with the more definite 
form and restrictetl size, indicate a distinct approach to the condition 
of true cells, Many difierent schemes for the classification of the 
rhizopods ha.\-e been proposed, but none of them can be regarded 
!Ls entirely satisfactory, our know ledge of the reprwluctive processes, 
and of other important parts of tlie life-history of these creatures, 
Ixaiig still extremely imperfect ; and as some parts of the scheme 
pi’ 0 |X)Scd by the Author many years ago,^ based on the diameters of 
the pseudoixxlial extensions, hiu'e been accepted by more recent 
svstematists. it seems best still to adhere to it. 

1. In the fimt division, Heiladarm^ the jKsendopodia freely 
ramify and inosculate, so as to form a network, exactly as in Lieher- 
knehnia^ fi-om w'hich they are distinguished by the jK).s.sessiori of a 
imdcus and by the investment of their saroodie bodies in a finn 
emelope. This is most commonly either a calcareous shell of very 
definite shape, or a test built uji of sand-grains or otlier minute 
particles more or less firmly united by a calcareous cement exuded 
from the saroodie body. These testaceous forms, which are exclu- 
sively marine, constitute the gi'onp of Foraminifera, whose special 
iiitere.st to the microscopist entitles it to separate consideration ; 
and it is only for convenience that two Feticularia wdiich in- 
habit fresh water also, and the envelopes of w’hose bodies are 
usually membranous, are here se[)amted from the Porauiinifera (to 
which they properly belong) for description as ty}>es of the group. 
The Reticularia have little locomotive pow'er, and only seem to 

' Kafunit History Hevietv, 18(>l,p, 450; ami Tut rod net ion to the Study of the 
Poraminifera, 1802, cliap. ii. 
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exftrcise it find a suitable situation for their attachment, tli^ 
mptiire of their food being effected by their pseudopodi,.! 
work. 

II. The second division, 7/e^/ocoa, con.sists of the rhizopods 

p-seudopodia extend tlieinselves as straight radiating rods. Imvin.r 
little or no tendeiiev to subdivide or ramify, though tliey mv 
•sufiiciently soft and homogeiiefuis (at least in the lower p, 

cadesce when they come into contact with each other. Tlie.v^ 
usually (probably always) a contractile vesicle as well as a uiicleiij;; 
ami tlie biglier forms of them are characterised by the emlosiu r of 
.symbiotic yellow corpiusdes (zodchlorellfs) in the substance of rltoii- 
endosarc. * By far the larger number of this group also have skelcTnu., 
of mineral matter, which are always sihc<^ous and those ai e some, 
tiines perforated casings of great regularity of form, as in ft, 
marine Pohjeystina, sometimes internal frameworks of marvellous 
svminetrYj as in the marine Radiolaria, These two gioups. alsa, 
will be reserved for special notice, the simple Jhlioiou. wjiidi 
are among tlie commonest inhabitants of fresh water, frvnisli- 
in^^ the best illustrations of the essential characters of tlie typv. 
They seem, for the nio.st part, to liave but little locomotive pmvci-. 
ftiptnring their piey by their extended pseiido[)odIa. 1’lie tendetuy 
of modern writers is to .separate the 7/ch'o^o«,as here ujiderstond, imo 
the two tu-oiipsof JRUo-ofi (sens, strict.) and Radiolaria, tlic lalfer 
beiim distinguislied by the pre.sence of a. central capsule oi- mass i.f 
protoplasm surrounded by a special envelope, the better develeji- 
ment of the skeleton, the greater tendency of the pseudojxjdia tn 
coale-sce with one another, and tlie not unfreqnent pro.senceof- yellow 
bodies,’ 

III. The tJiird gi’o\ip, fAjhom. contains the rhizopods whicli Dio.y 
nearly approach the condition of true cells, in the difleiviitiaTitiii of 
their' almost memhivinou.s cctosarc and their almost liquid eiidosan;. 
and in the non- coalesce! ice of their psendopodial extensions, whidi. 
instead of being either tliread-like or rod-like, are lohutf’. tliat is 
ii-regular projections of the body, including both ectosarc and ciidn 
sarc? winch are continually undergoing change both in^ foi-m itiid 
number. The Lohosa are comparatively active in their habits, moviii^^ 
freely about in search of food, which is still received into the siilt- 
stnnee i>f their bodies through any part of their suiTace— imlcs.s tlii> 
is enclosed in envelopes such as are formed by many of tliem. eitltet 
by exudation from the surtace of their bodies of some iiintennl 
(probably chitinous) which hardens into a membrane, or by aggie- 
coating and uniting grains of sand or other small solid particles, 
wliich they build up into • tests.’ A large propoition of thoii are 
inhabitants of fresh water, and some are even found in ihawp 

earth. , . , 

Reticularia.— This type is veiy characteri.stically represeiited in' 
tlie genus Gromia (fig. 571), some of who.se species arc tnmaiie. aiid 
are Ibund, like ordinary Fomminijera, among tufts of ooralhacs 
alga^j <tc. ; wliilst others iidiahit fresh water, adhering to Cuiifcrvir 
and other plants of running .streams. It was in this type that r)ie 
presence of a nucleus, formerly siip|X)sed to he wanting in Retiralai'i:! 
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<T,. ‘I'nlly. established by Dr. Wallieh. The .sareode*bodv 

I ills animal is encased in an egg-shaped, brown ish-yelloM', chitinous 
e[j . I lope, which may attain a diameter of from ,'^-th to j\-tli of an 
looking to the naked eye so like the egg (jf a zoiiphyte or flie 
of an aquatic plant, that its real nature would not be .suspected 
long as it remained (pdescent. The - test’ lias a single round 
1,1 iiicerfrom which, when 
till' animal i.s in a state 
iictivity, the sarcodic 
sill i>taiu'e ' .streams forth, 

^poedily givingoff vamify- 
iiiir extensions, which, by 
fiivlher ramification and 
iiiosculatioin form a net- 
wvrk like that of Tiieber- 
kneliuia. But the .sarcode 
also extends itself .so as 
to form a continuous 
lavei- over the whole ex- 
terior of the ‘test; and 
from any part of this 
laver fresh pseudopodia 
iii:iy he given off. By 
the alternate extension 
and contract] on of these, 
iiiimite [irotophytes and 
]n()tozo;i are entrapped 
and draw’u into the in- 
terior of tlie test, where 
tli(‘ii- nutritive material 
i.> extracted and a.ssinii- 
lated : and if the ‘ test 
{as happens in some 
species) )je sufficiently 
transparent, the indi- 
gestible hard parts (such 
as the .siliceous valves of 
ffiatoms, sliowui in fig 
a7 1 ) may be distinguished 
ill tije midst of the sar- 
codic sub, stance. By the 
Nime agency tlie Gromia 
soiiietime.s creeps up the side.s of a glass vessel. In the iiiteiwals of 
quiescenee, on the other hand, the whole sarcodic body, except a 
film that serves for the attachment of the test, i,s withdrawn into its 
interior. 

Another example of the reticulariau group ls afforded by the 
ciuious little .}ficrogromia sockdhs (fig. 572), first di,sco\ered by Mr. 
Archer, and further investigated with great care by Hertwig,^ which 



Fig. i>n.~G roinia oviforniis, wit!i its 
pseudoporlia pxtejidud. 


‘V^h^v Microfjyoinia,'' ia AnhivfUr Mikr, .limt bd. x, Siipplpment. 
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has the curious habit of uniting witlnieighbouring imlivichialsl.v the 
fusion of tlie pseudopodia, into a common ‘ colony,’ tlie m(li\ iilnaj;; 
sometimes I'emaining at a distance from one anotlier as at A, Imt 
sometimes aggregating themselves into compact masses as at B. Tb 
nearly globular thin calcareous shell is prolonged into a shoi t 
liaviiig a circular orifice, from which the sarcorle-body extends itself. 



Fro. ^12.~Idicro^ro»iia sorialis : A, colony of individuals in extended state, 
some of them' undergoing transverse fission ; B, colony of individuids 
(some of them separated fi-oin the principal mass) in compact state; C, D, 
formation and escape of swami-spore, seen free at E. 

giving off very slender jrseiidopodia which radiate in all dirertioir. 
A distinct nucleus can he seen in the deepest part of the cavit\, 
while a contractile vesicle lies imbedded in the .sarcodic substaiKe 
nearer the rnotttli. Multiplication by duplicative subdivision lias 
been distinctly observed in tliis type; but with a peculiar depmtim' 
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tv ‘111 tilt' ii.*!!!:!! nictlioil A triULsverse Cdiistriotion divides tlie b.nly 
iiint two halves— ns shown in two individuals of c-olojiy A— each lialf 
pn^-t‘ssin^ its own nucleus and coutractile vesicle ; the postei-ior se;^'- 
inciit. which at first lies free at the bottom of the cell, then presses 
foi uards towards its orifice, as shown at C. and finally, by amoeboid 
nio'.eiucnts, escapes from it, sometimes stretching itself out like a 
worm (as seen at ])), sometimes contracting itself into a glohe, and 
Mtmctiines spreading itsclt out irregularly over the pseudo]»odia of 
the t'oiony. But it finally gathers itself together and takes an oval 
fol ia ; and either develops a pair of fiagella, and fors^ikes the colony 
as a free-swimming or assumes the form of an Actinophriia, 

moving about by three or four pointed pseudo] lodia— probably in 
eacli case coming after a time to rest, excreting a, shell, and hiving 
the fnuidation of a new colony. Tliere is reason to tliink that a 
multiplication by longitudinal fission also hikes place, in which the 
escaiang segment and the one h'ft ])ehind in the old sluh remain 
attached by their pseudopodia, and the former develops a new sliell 
without undergoing any change of condition. 

Heliozoad — The Actimpkrtfs sol, .sometimes termed the ‘sun- 
aiiiitialcule ' (fig. 573), is one of the commonest examples of this grou]», 
being often met with in lakes, |K)nds, ami streams, amongst Coidcrva- 
and other aipiatic plants, as a ivhitish-grey spherical particle dis- 
tinguishable by the naked eye. frcmi which (wlien it is brought umler 
sutHcient magnifying ])ower) a mimlier of very ])e]liicid, slender, 
[Kiintcd rods are seen to radiate. The central |x)rtion of the hxlyis 
composed of homogeneous sarcode, inclosing a distinct nucleus ; but 
tlic peripheral ])art has a " \ esicular ’ aspect, as in the tyj>e next 
to he described (fig. o74). This a])])earanco is due to tlie number 
of ‘vacuoles' filled wdth a watery fluid, which are includeil in 
the sjircndic substance, and winch may be artificially made either 
to coalesce into larger oiu's oi' to subilivide into smaller, A ‘con- 
tractile vesicle,’ pul.'^ating rliythmi{‘ally wdth considerable regu- 
larity. is always to be distinguished, either in t]u‘ midst of the 
•sirende Ixxly, or (more commonly) at or near its surface : and 
it sometimes projects considerably from this, in the forin of a 
s^icenlus with a delicate memhi-anons wall, as shown at fig. 573. 
A, ci\ The caidty of this sacculus is not (‘lo.Ke<l externally, but 
rouimimicates with the surrounding me<lium- nut, liowever. bv aiiv 
flistiiict and ]>ermaneut orifice, the mem bran iform wall giving wav 
when the ve'dcle wmtracts, and then closing over again. Tliisalter- 
iiatiiig actio)! .seems to serve a res])iratorv purjxise. the water thus 
taken iji and expelled being distributed through a sy.stem of channels 
aixi vacuoles excavateil in the substance of the body, soii'ie of the 
vaciio!(‘s which are nearest the surface being obsei'iial to )indergo 
distension when the lesicde contracts, and to em]>tY tliemselves 
gradually as it refills. Tlie body of this luiinial is nearly motionle.ss,“ 

sysU-iiunc iU:coiint. of tills gn.u!|i is to tie fouiKt in i)i’. F, Beliaudinii’s 
nelioxoii,' the iti-st part of tlie comprehensive Dan Thirnv'uh, edited by tin* 
mniuii ZoolojjiaU Society, Berlin, IHHU. M. PuimnVs ineinuir.* Etudes sur qvielqwes 
Uvhozoiures (VEan Douce,’ in vol. ix. of tlie Atrli, de Jiud., slumld be consulted. 

- A ^iviiniiiini; Helio2oIiii Inis latch' been dcsciibcd hv M. E. Peusird, w)io calls it 
-'^!)0"jdtr!ppara<Jox<(. 
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but it is supplie(i with nourishiiieiit by tjje iiistnimeiiLility ».i“ it?, 
pseudopoilia. its focxl l)eiug derived not merely from vegetable 
tides, but fi-otn various small animals, some (»f which (as the yon nir of 
Eiitomostraca) possess great Jictivity as well as a. comparatively Ijjo’t 
organisation. When one of these happens to come intocontacl \qt|, 
one of the pseudopodia (which have firm axis-filaments («.>;) eli.rlih] 
with a, granular .sarcode). tliis usually retains it by adhesion ; 
mode in which the particle thus taken cai>tive is introduced into tiic 
body differs according to ciienuLstances. If the prc)' is large loi'l 
vigorous enough to struggle to esiupe from its ciitanglemenr., it, uuo 
usually be observed that the neiglihoni'iiig psemlopodia bend overatid 



Yig. -Artt)iupin->p S<.)1 \ A, sliowiag tlie wide* vucuolated eovtinil 

layer or ectosarc (u) and thu fine <,o"innlated cndosarc (m); r, (‘eiitral 
imclens, sra', axial filauientsj uf psemlopodia ; c?', cont.raotilo vacuole; x, food- 
mass inclosed in a large food-vacuole, B, a colony of four indivirtinils, aftei 
trcatineirt with acetic acid ; n, :n, and n , h« before v, v, vacuoles. C, a cyst ; 

<•, outer and inner envelopes. D, a burst ej’bl from which the yoim;: is 
escaping, though still inclosed by the ijiiier envelope. (From Biitsclili, 
after Grenncher. Stein, and Cieiikowsky.) 

apply themselves to it, so as to assist in holding it captive, aiidrlmt li 
is slowly drawn by their joint reti'action towards the hedy of ils 
captor. ^ Any small f)article not cafiable of offering active resi.staiicr. 
on the other hand, may be seen after a little time to glide tuWitriL 
the centi-al body along the edge uf the pseudopodium, witliout any 
vi.sible movement of 1 he lattei-, much in tiie same manner a.s in ( iroiuia. 
When in eitlier of tliese modes the food lias been hrougbt to tin* 
surface of the body, this sends ov er it on either side a [>roloiigatioM ul 
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: s (iwn s;n'mle-suUst4iiK!e ; and thus a marked prominence is fonue<l 
d73, A. x), which gnaliially snlisides as the food is drawn more 
I ,r,iip]ete]y into the interior. The .struggles of tlie larger animals, 
-nd the ciliary action of Infusoria and J&itifera, may .sometimes ))e 
(liiseiocd to cmitinne even alter tliey have been tliu.s received into 
the l)ody; hut these movements at last cea.se. and the proce.ss of 
digestion begins, llio alimentary substance is received into one 
„fthe vacuoles, where it lies in the fii'st instance surrounded 
Ijv liquid ; uii<l its nutritive portion is gradually converted into 
:Mi indistiiiguisliable gelatinous mass, which becomes incoi'}K)rated 
with the material of the .s;trcode-h(^dy, as may Ite .seen hy the 
general diflusion of any colouring particle.s it may contain. Ktweral 



Fi< 4 , 'ui.~A(ti)t082)htrriinii Eirhtwiiil : iit, eudosarc : ectfpsnrc; 
c, <•, coiitnietile vacuoles. 


yaciioies may he thus occuiiied at one time hy alimentary particles : 
h‘C(|iU‘ntly four to eight are tints distinguishalde, and occasionailv 
tell or twelve; Ehreiilterg. in one instance, counted as many as 
Mxleem which he described as multiple stomachs. Whilst' the 
'ligestive process, wliieh irsually occupies .some hours, is goiiiir on. 
;'-kiiid of slow circulation takes jilace in the entire nia.ss of tlieenihv 
Nirc with its included vacuoles, Jf. ns often ha[)pen.s. the IkhIv 
taken in a,sfoo<l jKi.s.sesses some hard indigestible portion (as tlie .sliell 
‘>t an entomostracau or rotifer), this, after the digestion of the .soft 
jiaits. is gr.ulually [m.slied towards the surface, and is tJience extruded 
a process exactly the converse of that hy which it was drawn in. 
11 the particle lie large, it usually cscajics at once hv nn opening which 

H R 2 
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extern ])orises itself foi’ tlie oeension ; but if small it sometimes ii]; i.-s 
along a pseiuloptMlium fi'om its base to its point, and escapes I . .jn 
its extremity. 

The ordiiiiiry mode of i-eprodnction in Actimphrys seems t> In- 
by binary subdivision, its spherical body showing an annular i.in- 
striction, which gradually deepens so as to separate its twohalve> l,v 
a sort of hour-glass constriction, and the connecting band becouiini; 
more and more slender, until the two halves are completely sepn:(tM(i. 
The segments thus divided are not always equal, and sometimes their 
diliVi'ence in size is very considerable, A junction oftwo individimL. 
on the other hand, has been seen to take place in Actimphrus, .nul 
has been supposed to correspond to the ‘ conjugation ’ of protophytes ; 
it is very doubtful, however, whether this junction really invoh es a 
complete fusion of the substance of the bodies whicli hike part iti it. 



Fkc 575. — Marginal portion of Aclinosphcerinw Ku-homii 
as seen in optical section under a higher magnifying 
power: cndosarc ; ectosarc ; a,it^ <i, pscudopodia ; 

n, n, nuclei witli nucleoli ; /, ingested food-mass. 

and there is not sufficient evidence that it has any true generative 
character. Under these circumstances we must hope that Hr. K. 
Schaudinn’s preliminary notes of his obsei’vations * may soon he 
followed bv a more <letailed account. 'Phis author claims to have 
demon.strated the fusion of tlie nuclei of 4 . ml, and the reseinWiUirr 
of the coui'se of events to tlie maturation of the ova. of Inidici- 
animals is very striking. Certain it is that .smdi a junction oi- 
•zygosis’ may take place, noli between two only, hut even several 
individuals at once, tlieir number being recognised by that "f dieir 
contractile vesicles ; and that, after I’emaining thus united for .several 
1 RIt Akacl., Rerliti, 1890, p. 49. 
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; >iirs as a colony, tliey may separate ag:nu witliout lioving 
mdergone any discoveiuble change. 

Under tlie generic name Actinophnja was formerly ranked tlm 
l.oirer bnt less common Heliozobn, now di^tingnished as Acthio- 
..u/itfrmni Elckornli (fig. 574); the pseudojK)din arc longer and 
c mmierous ; there are geneitilly a number instead of one cou- 
i i Mctile vacuole, and there is more than oiie nucleus, The axis of tlie 
j Hfudopodia may be seen to be clothed witli a iaver of soft sarcode 
ilt'ih'cd fi'om the supei-- 
iicial or cortical zone of 
;ju*body, iSeveral nuclei 
{^ti. a) are usually to be 
>c‘i*n imbedded in the 
pi-dToplasmie ma.ss. The 
Nvucral life-history of 
rliis type corresponds 
w ith that of the pre- 
ivding, but its mode of 
re]H‘ 0 (luctioTi presents 
xniie marked })eeulia]'i- 
rics. In many if not in 
all cases it commeiiees. 
as first obsened l)y 
Kiilliker, with the con- 
jugation of t\\'o se[){irate 
indivifluals. Tlie binary 
scgiiientatioii is jire- 
n-ded bv a withdrawal 
of the pseudopodia , even 
tlieir clearly defined 
axis becoming indistinct 
and filially disap[)eai- 
ing; the body becomes 
ciivelD])ed b}’ a clear 
gelatinous exudation, 
wliirh forms a kind of 
cyst; and within this 
the process of binary 
subdivision is re|)eatedly 
performed, until tlie 
origirnd single mass is 
rcjilaced by a sort of 
iito/'ida, each spherule of wliich shows the distinction between the 
contra J aAd chttical regions, the former including a single nucleus, 
wiiilst the latter is stvengtliened by siliceous do[>osit into a firm 
uo'estment. After remaining in this state during the winter the 
vouiig Actimsphfei'ia come forth in the spring without this siliceous 
iin e.stment, and gradually grow into the likeness of their parent.' 

' Oil the results of tlie ai'titiuial division of AcfiiiOHiflurrliiwsve K. Brnnrlt, Vchrr 
■^ftiuosjAurriiim EirhoDui, Halle a S., 1877 ; Gruber, lienrittc (^. Sutnrf. (hs. zn 
f'i‘<-ibnrg iHSli; Xussbiuiiii, Arrh. f. Mikr. A)!{il. xxvi. 



Fig. iilO. — Clofhrulim eJegans: A, complete 
organism; B, swann-sixire showing nucleus, 
and two contractile vesicles near its opposite end. 
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A birge number of new and enrions fresli- water forms r)f ri ^ 
type are being frequently brought under notice, of whicli the Cladn'., 
liwi ehgans (fig. 576) may be specially mentioned as presentinir ,n, 
obvious transition to the Polycysiine type. This has been fiHUj,) 
in various parts of the Continent, and jilso (by Mi*. Archer*) m 
Wales and Ireland, occurring chlelly in dai-k ponds shaded' fa 
trees and containing decaying leaves. Its soft sarcode-body. wlii, ii 
i.s not diflferentiated into ecto.saiv and endosarc, is enwised h\ 
siliceous capsule of spherical form, regularly perfoi'iited with 
apertures, and supported on a long silicified peduncle. The hodv 
itself and the psendopodia which it j)uts forth through the .qii i-- 
tures of the capsule seem closely to correspond with those uf 
Actiii(fpk?'ys. Heproductiou here takes place not only hy bin.ua 
fission, but hy the formation of ‘ swarm -spores.’ In the first ntodc. 
one of the two segments remains in ])ossessi<)n of the sili(‘eons cap- 
sule, whilst the other finds its wsiy out through one of the apn tin'fs. 
lives for .some houTs in a free condition as an Actinoplirys. and 
ultimately produces the capsule and stem cliaracteiistic of its ty]n\ 
In the .second mode numerous small i-ounded s^ircode masses, eiicli 
])ossossing a nucleus, are ]troduced within tlie {‘apsiile, in wiiar 
manner cannot he clearly made out; and every one of those is 

enveloped in t\ firm i-n- 
^ velope, .set round witti 
siiort s]iines, ]>r()]jal)lv 
siliceous. These evsTs 
i-emain for montlis witlo 
in the common cajisiilo ; 
and when the 1 iiiieanlvrs 
for tlieir furtlier develop- 
ment the sarcode-coi- 
[)uscle$ slip out of tiu-ii 
cysts, and e.scape tliroiigli 
the orifices of the cajt.snie 
as fiagellatetl monads of 
ovid form (fig. 575. B). 
Fto. 577.— Diagrammatic representation of .4 a? ce/ya oacll liaviim a nucleus, 
jifoteus: E C, ectosarc; E N, endosarc ; C V,cou- ' ' j.i - r *1 

tractile vesicle; N, nucleus; P, pseudoj^wdia ; t)ie ijasO ot the 

V I L, villous tuft- flagella, and two con- 

tra(‘tile vesicles near its 
opposite end. Aftei' scanning for .some hoiii’s in tliis condition, 
they change to the free Actiriophrys form, and finally acquire tin* 
siliceous capsule and stem of the Clathrulina. 

Lobosa. — No example of the rhizopod typo i.s move coimiion in 
streams and ])(>n<ls, vegetable infusions, itc., than the 
(fig. 577); a creature which cannot be described by its form, for 
this i.s as changeable as that of the firblod Proteus, but may yrt hr 
definitely chai’actcri.scd by peculiarities that separate it from tin* 
two groups already described. The distinction betueon * ectostn 
and ‘ en(i()sar(P is liere clearly marked, so that the body appruacln-s 

1 See his inemoir on Fresh-water Radiolai*ia in Qnnri. Joiirn. of 
n.s. vol. ix. 1800, p. 2.50. 
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j, :ii/h Hiore t'lnsely ill its c‘haiactei*s to un ordinary ‘cell’ t'omjK)sed 
, 1 and cell-eantents. It is througli tlie ‘endosarc’ alone. 

K X. those coloured and granular particles are diffused, on 
v.iiich the hue and opacity of the Body depend; its central portion 
s-i'nis to have an almost %y;vtevy consistence, the granular particles 
iK-iiiiT move quite freely u|k)u one another with every change 

ill the shnpe of the body ; but its superficial portion is more visciil, 
;Hid <Taduates insensibly into tlic firmer substaTice of the ‘ectosiirc/ 
Tlie cctosarc, E C, which is peiffectly pellucid, forms an almost 
iiiemhiiinoiis investment to tlie endosarc ; still it is not possessed of 
siich tenacity as to oppose a solution of its continuity at any point, for 
the introduction of alimentary particles, or for the extrusion of effete 
matter ; ^ and thus there is no evidence, in Amcdia ami its immediat(‘ 
ailies, of the existence of anymore definite orifice, either oral or anal, 
tlmu exists in other rhi/A)])ods, The more advanced difierentia- 
tiinioftlie ectosarc from the eiidosare of Ahueha is made evident 
hv the effects of reagmits. If an Anin'ha rwliosa be treated with 
;i' dilute alkaline solution, the granular and moleculai' endosarc 
shrinks together ami retreats t^iwards the centre, leaving the radia- 
timf extensions of the (‘c-tosiirc in tlie condition of ciecal tubes, of 
whieli the walls are not soluble at the ordinary temperature either 
in acetic or mineral a(*ids, or in dilute alkaline solutions, thus 
agi-eeing witli the envelo]>e noticed by (John as possessed by Pnru 
iMcmni and otiier ciliated I and with tlie containing meiii- 
hmne of ordinary aniimd cells. A " niicleusj X, is always distinctly 
visilile in Aw.fcAia. adherent (o the inner portion of the ectosarc. and 
jirojeeting from this into thet'uvitv occii[ue<l by tlie endosarc; when 
most perfectly seen it pi'es(“nts tlie aspect of a (“lear fiattened vesicli' 
surrounding a solid and usually s^ilierical nucleolus ; it is readily 
soluble in alkalies, and first expands and tlien dissolves when treated 
with acetic or sulphuric acid of moderate strength : but ^lien 
Treated with rlibite aiud it is reiideve<l darker and more ilistiuct. in 
wnsequoiice of the precipitation of a finely granular substance in 
the clear vesicular space that surrounds the nucleolus. A •contrac- 
tile vesicle,’ C Y, sotuiis also to lie uniformly present, though it 
doe.s not nsuallv make itself so conspic-uous liy its external prominence 
us it does in Actimphrj/s ] and the neighhonring part of the body 
is often prolongcil into a set (d* villous processes. Y 1 L, the presence 
of which has been tliought h\’ some to mark a specific <listinctioii. 
l)nt which seems too variable and transitory to he so regaixled. 

Tlie pseudopodia, which are not appendages, Init lohate exten- 
sions of the body itself, are few in number, sliort, broad, and rounded ; 
and their outlines present a sliar[)ness whicli imlicates that tlie 
substance of which tlieir exterior is composed ]>osse.sses ('onsiderahle 
tenacity, Xo movement of granules can be seen to take place <dong 
the surface of the pseudo^Kslia : and wlien two of these organs come 

^ remarljable chariwter has been staled by Professor Huxley in the followiiij: 
admirable seiitener : ‘ Physically the ectosarc inif^ht be conij>arefl to the, wall of a 
soap-biihble, which, though fiuicl, has a certain viscosity, whitli not only enables its 
particles to hold together anrl fonii a contiimmis sheet, bnt ]ierniits a rod to be]>assed 
into or through tlie bubble without bursting it, the walls closing together, and re- 
covering their continuity as so^ni as the rod is drawn away.' 
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into contact they scarcely sliow any disposition even to 
cohesion, .still le.ss to fusion of tlieir sulistaiice. Soinetim, - <1^, 
protrusion seems to be foriued liy the ectosarc alone, but i ' 
commonly eudosarc also extends into it, and an active eurix :,r of 
ifraniiles may be seen to pass from what was previously tlie <•. i,tie 
<)f the bodv into the protrvidetl portion, when the latter is midfvi^niDjj 
rapid elongation ; whilst a like current may set towards the iMir^ 
of the body from some other protrusion which is being witluh awu 
into it. It is in tins manner that an Aimeha moves from ploce to 
place, a protrusion like the finger of a glove Iming first fornu-d. into 
which tlie substance of the body itself is giadualiy transferred. ;ni,l 
another protrusion being put forth, either in the same or in nime 
difiereiit direction, so .soon as this transference has })een acrom- 
[)lished, or even before it is ctaiiplete. The kind of jirogressiou tlm^ 
executed by an AmiKha is described by most observers as a ■ rnllinj;’ 
movement, this being certainly tlie aspect which it conniinnlv 
seems to present; but it is maintained by MM. ('laparedt- ;nal 
Lachmaiin that tlie ap}>ea ranee of rolling is an opti(>al illusion, 
since the nucleus and contractile vesicle alw.-iys iiiaiutain the some 
jxKsition relatively to the rest of tlie IkkIv. and tliat ' creeping' would 
i )e a truer description of I he mode of progression. It is in ihe 
course of this movement from place to place that the A iiHt-hn en- 
counters particles which are fitted to afford it, noni-isliineiil : and it 
appears tn receive such particles into its inteiior througli any put 
of tlie ectosarc, whether of the body itself or of any of its lobose 
i,-xpansions. insoluble particles whicli resist the digestive |>rocess 
lieing got rid of in the like primitive fashion. 

It mav often be seen that port ions of tlie saref)de-body of an 
AuKvha, detached fi'om the rest, (‘an maintain an independent exist- 
ence ; and it is jirobalile that such Reparation of fragments is an 
ordinary mode of increase in this group. W'lien a p,seudoi>odial lube 
has been [)ut forth to a oousiderahle length, and has l>ecouie en- 
larged and fixed at it s extreiiiity. the subsequent contract ion of tlie 
connecting iiortion, instead of either drawing the liody towards the 
fixed point, or retracting the lobe into the body, (pauses tlie connect- 
ing band to tliiii away until it se])arates ; and the detached portion 
speedilv shoots out pseiidopodial [iroc(‘sses of its own, and compoits 
itself in all re.spects as an independent Awoha. Multi])licatioii 
.also Likes place by regular binary sulklivision. Various obsei-veis 
liave seen phenomena which they have suppised to be evidence of thy 
formation of ' s\v, arm-spores ' ^ or of the* development of cysts, but it 
must 1)6 borne in miirl that a large number of pi‘oto/.oa ])siss diinng 
the course of their life through anuebiform stages, .some ol which 
may have been taken as true species of AmaAm. Xo sexual act lia> 
. been certaiiilv recognised as part of tlie life-1 listory of A uuA>i*. the 
union of two or more individuals, whicli may be occasionally wit- 
ne.s.sed, basing more the cliarac'ter of the * zygosis’ of Actinoplmp- 

A sarcodic organism dis(;over('d liy (Ireef, and nameil by hiii) 
}*eloifnijxa palustria (fig. f>78), whicli spreads oNer the bottoiii at 
stagnant [londs in the condition of slimy masses of indefinite tornK 
I Prof. A. M, Edwards (U.S.A.) in yUoim-. Jintnt. vol. viii.lt*'’' I’-"* 
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Jiiluts Ji fm'tl\er advance upon tln> Aiiia‘!)an tyjie. Tlie substance 
its body, whicli may be oftbe size of two uiilliuietres exliibits a 
x'vv olenv diffei’entiation between the hoinogeiieons liyaline eetostu-c 
(b. a. (1) the contained eudosare, which contaitis such a multi' 
iii<le of spherical vtmuoles, as to have a ‘vesicular’ or frothy 
,-.pcct. Wlien it feeds upon the decoiiij)osiiig ^’egetable matter at 
till* Itottom of the |K)o 1 it inhabits, its body actpiires a blackish hue. 
Put in other situations it may be colourless, besides the \a(‘uoles 
there are seen in the endo.sarc a great mimher of nucleuS'Uke Iwdies. 



Ki<i. Pf'Jnmif.c(i prfhisii is ■. A, a> il appears wlien in annelioid 

motion; B, portion more Uijtlily nm^aatied, hliowin^ ti.n, the hvaliiic 
ertosare; //.one of the Viiciioles of the eudosiU'C ; c, r(u:M ike bodies (]irt)- 
babJy /■;>/) scattered through the eudosare; cf, protruded exten- 

sion of ectosarc -with endosare imssing into it ; c, e, nuclei ; J\J\ glohulur 
hyaline bodies, 

ami also immy byaliiip globular brilliant 1 todies, f, f\ wlticb are 
legardcd by (Ireef as genus (tr swarm -s]X)res developed from nucleoli 
set free within tlie geneiul cavity of the body by the hurstiiig of the 
nuclei. This creature during the active period of its life moves like 
iui anxeba. either by general nudulations of its surfitce. or by special 
ItseudojKKlial extensions, d. After a time, however, its movements 
1 ‘Case. and it looks as if dead ; Imt by the giving way of its ecto- 
>aiv. a multitude of minute amodiifium bndie.s break foitb, each 
having its nucleus and c<mtractile vesicle, 'fltese at tii'st live as 
.\uKe}>((\ hut afteiuvaixls pas.s into a resting state, assmiiing a spherical 
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or ovi\\ sluipe, and then put foi-tli flagella, by which t* 
actively for a time; later on, they probably settle down t., Ileve],,. 
themselves into the parental form. 

The Araceban like the Actinophryaii type shows itself ii, t],j, 
testiceous well in the naked form, the commonest e.xainalfs 
of this being known under the names Arcdla and Dijitujhi, Xlu" 
body of the former is inclosed in a ' test ’ composed of horny 
2nembivuie, a])/Mi'entiy resembling hi constitution the chitln Hhicf] 
^ives solidity to the integuments of insects; it is usmJIy dhcoidiil 
(fig. 579, 0, ])) with one face flat and the other arched, theapciiniv 
being in the centre of the flat side ; and its siiiface is often niaiked 
with a minute and regular pattern. The test of Dijlugia, on the 
other hand, is more or less pitcher- shaped (A, B), and is chicHv 
made u{) of minute particles of gravel, shell, cemented togetln*]-. 
in ea<‘h of these genera the Sfircode-body resembles that of A imdut 
in every essential particulai', the contrast being very marked 
tween its large, distinct, Inbnse extensions, and the ramifying aad 
inosculating p.sendopf)dia of tiromia (fig. 571)- in each case :i de- 
tached ] portion of the sarcodic bralv will put forth psendopodia of 



Fig. r>7‘,). — TesUiL-cous fonvis of Aiiityhaii rliiznpods: X, 
jiratcit'vrmis; B, lyt^ufjin \ C, Arrdht arnminatir, D, 

Arcdht (Itniniii. 


its own ty])e ; and the .sepaintion of a bud or geinmnle put forrii 
from the moutli of the test seems to he an ordinary mode of pwp:i 
‘uition among the amcobans tluis inclosed. Tii Arcella it has lieeii 
observed tlnit the psendoixnlia of two or more individuals unite 'y 
In-irlgps of protoplasm, and afterwards separate ; and it seems In lie 
abmist certain that this is a. true ‘ conjugation,' and not a nwv 
' zyf’’osis.’ A remarkable method of reproibiction has been obsei-vcd 
bv (iruber in hiughjpha (dveolata ; in an active form highly refractive 
Iwdies. wln{‘li. seen from the surface, look like discs, are to be loim'l 
besivle the uucleas, Keprodiiction commences with the protrusieu 
of protoplasm from the orifice of the test, and, later on, the just^ 
mentioned bodies pass out also, and form a covering for the e.>;tni<l<Ml 
pr(^to}dasm ; in about an hour the process is complete, but the new 
or dangliter-cell is still witb{)nt a nucleus. This is derived from tiwt 
of the motlKu\ which increases in size, elongates greatly, and then 
becomes cimstricted ; the anterior jKntioii piisses into the daughtia- 
cell. Here we have the remarkalde phenomena of the foriuiitioii <> 
the test by the parent-cell and the rare ca.se of <livi.sion ot t s*’ 
protoplasmic body preceding that of its nucleus. 
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COCCOLITHS kW COCCOSPHEBES 

\i-inv testaceous anuehms liave been recently discovered, which 
‘ tests of remarkable regularity and sometimes of singular 
} ! and it is (lifiicidt to determine, in many cases, whether the 

lire plates of which they arc composed liave been formed by 
‘XuiHtion from their own Ixidies or have been picked up from the 
liii'i’u'e over which the animals crawl. There can be no iloiilit ol‘ 
tiii< kind, however, in regard to the Q?(admla s^ymmetrica repre- 
.eiiu-il in tig. 580 ; the savcode-body is here encased in a pcar-shajieil 
of glassy trans|)Hrence, made up of a gi’eat number of square 
plittfs which touch each other by their edges. The sarcode-body 
,{(K*s not usually till the test, tljo intervening space being oecupieil 
t,v :i clear liquid, and traversed by bands of protoplasm. In the 
msterior part of the body is seen a large clear spherical nucleus. 
Ivith a distinct dark iiucleo- 
}ns ; and in front of this ai-e 
(‘oiitractile vesicles, usually 
two in miniber.' 

Cmcoliths dud Cocco- 
^jiJtpres - -Thin would seem 
lie* most Mppro]n-iate place 
• fnv the deseri}>tiou of certain 
jK'ciiliar little bodies found 
wrv extensively dilfused over 
tlie deep-sea bottom, espe- 
riallv abounding in the fllo- 
liigerina-mud, which may be 
considered as chalk in ]>i-oce.ss 
onbnnatinn. It was in the 
qu'cimens of this mud 
iirought up by the ‘ (lydojis’ 
sniuidings in 1857 tliat Pro- 
fessor Huxley first found 
rile. ('oc.roUthR (fig. 581. I, 2) 
which Dr. Wallich in 1860 
found aggregated in tlie 
s[ihei'i(;al masses whicli he 
designated as ‘ coccosplieres ’ 

(3). Regarding the gelaii- 
nous matrix in which they 
Here imliedded a.s anew ty]H^ of the d/oHero-ort described bv Haeckel, 
having the condition of an indetiuitely exteiidiKl Pro- 

fessor Huxley proposetl to designate it by the name fjathyhius, 
iialicative of its habitat in the depths of the sea ; and this idea was 
acrejited bv Haeckel, whose representation of a living specimen ot 
l)f(ihyhim, with imbedded coccoliths, is given in fig. 581, a. The 
‘bservations made in the ‘Challenger' Expedition, however, have 
iwit contirmed this view ; the supposed Bathyhiua being a gelatinous 

‘ especially tlie adiniiiible work of Professor Leidy i>h tlie freah-watev 
rliizopodsof ilie United States, 1880. It is to be regretted tliat its able author’s time 
iind opportunities did not i)ei’tnit liiin to follow out tlie life-histories of the many 
iiiietesting forms which he has described and figured. 
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])i‘ecipit.att‘. consisting of sulplaite of lime, slowly deposited ii, wjitcj. 
to which strong spirit has been added. Whatever be their ]. ; 

coccoliths and coccosplieres are bodies of great interest ; sim . tlifli 
occurrence in chalk and in very early limestones is an additiiM ;il linj^ 
in tlie evidence of the similarity of the conditions under whi( h they 
were formed to those at present prevailing on the sea -bed of tli'e 
Atlantic and other oceans. Two distinct types are rccognisalh' iinum^ 
the coccoliths, which Professor Huxley htis designated resjict tivdv 
dlscoUthji and cyatholitfis. The former are lound or oval discs, hiu iii'u 
a thick strongly refracting rim and a thinner internal porta )n. tlie 
greater jiart of which is occupied by a slightly opaque. cl^Mul-lili^, 
patch lying round a central corpuscle (fig. 518, 5). In genci al. tf*' 
■ iliscoliths ' are slightly convex on one side, slightly concave nn tlin 
otluM-, aii<l the rim is raised into a prominent ridge on tlic mciv 



Fio. o81. — Covr(ihth& and ('‘ovcoisjihvics-. 1, ‘2, 7, tyatholitlis sim 
obliquely; a, coccospliere with ijubcclded cyatholiUis; 4, cwuolitlis im- 
bedded in tsupposed protoplusiiiin expansion; -h diseoliUi wen in hmii 
view; 0, cyatholitU wen in front view, showing (1) central corjmwle, i-i 
gramilLU'' zone, (S) transparent outer zone; 8, 9, discoliths seen edgewix- 


convex .d<le ; so that when viewed edgewise they present the up} iciti- 
ances shown in figs. S. 9. Their length is ordinarily between 

to 1 , /.(ndli' 

largest are commonly free, but the smallest are gciieraliv hniii'l mi 
bedded among heaps of granular particles, of which some are i)r<hut)l\ 
<liscoliths in an early stage of development. The ‘ cyath(diths. ub‘'. 
which have the genernl appearance of a cii]) and saucer, have, f icu 
full grown, an oval contour, though they arc often circular wiii'f 
imniatui-e. They are convex on one face and fiat or {-oncave im tin' 
other; and when left to themselves they lie on one or other i>t thes_ 
two faces. In either of these aspects they seem to be 
two concentric zones (fig, 6,2, .i) snrromiding an oval thick-\oile 
central corpuscle (/), in the centre of which is a clear sjwur M'lm 

1 Messrs. Murray uud Bln,ebnia,ii luiv«, in a preliminary notice [Po'r. 
liondon, Ixiii. IsVKS/p. ^G9j, suggested that the Cuccospberafieic are uuii'eilul:ii - r' • 
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divided iiito two. The zone {^s^) inhuediately sm-roimdiiig 
t]ic onti-rtl eovpuscle is usually more or less distiiietly granular. 
.,11,1 .souietiiiies has an almost bead-like margin, Tlie narrower 
i /.one (j) is generally clear, transparent, and structureless. 
I„i! >oinetinkes shows radiating stria*. Wiieii viewed sidewise or 
,,li]l(juely, however, the ‘ cyatholiths ’ are found to have a f<n-ni 
^oisH-a hat resembling that of a shirt-stud (figs. i. 7 ). Eaeli con- 
sists of a lower plate, shaped like a deep saucer or wateh-glasjs ; of 
sul.tller uppei' plate, wliicb is sometimes flat, .sometimes more or 
coiH^avo-convex ; of the o\'al, thick-walled, flattened corpuscle, 
wl I irli connects these two plates together at their centres; and of 
•111 intermediate granular substance which more oi* less complete^’ 
fills up the interval between the two plates. The length of these 
(•\'fitholitlis ranges from about of an inch, those of 

■ ^ of an inch and under being always circular. Tt appears 

tVi'mi the action of dilute acids upon the eoccolith.s that they must 
iiininh' consist of calcareous matter, a.s they readily dissoh e, leaving 
sc.iicelv a trace behind. When the cvatholiths are treated witli 
very weak acetic acid, the central corpuscle rapidly loses its strongly 
[■(‘fractiiig character; and there remains an extremely delicate, 
finely granular membranous framework. When treated with iodine 
tliey are .stained, but not very strongly, the intermediate sul)- 
>raiice being the most affected. Both discoliths and cvatholiths are 
citiupletely destroyed by strong hot solutions of cuustic ])otass (u- 
sodti. The coccospheres (fig. 3 ) are made up by the aggregation ol' 
liodies resembling ‘ cvatholiths ’ of the largest size in all hut the 
.ihscuce of the granular zone ; they sometimes attain a diameter of 
of an inch. What is their relation to the coceoliths, ami 
under what conditions these bodies are formed, .are questions whereon 
u(t positive judgment can he at j)reseiit given. 

SroKozoA, 

Tlie term Sporozoa was applied by Leuckart to a group of 
jiiotozoic animals of which the well known (iregarinida. tlieCoccidi- 
idea. the Hanuosporidia, the Myxosporidia, and the Siircosporidia • are 
the chief divisions. They are especially characterised hy the peculi- 
Mvities of their mode of reproduction, in which a period of encystation 
(which may or may not be preceded by conjugation) is succeeded h\ 
the breaking up of the couta,ined [U'oloplasm into a large iiuinber r)f 
small ‘.spore.s,’ the produces of which l)ec[)me intracellular parasites. 

The (i regal 'inida lead a parasitii* life, and may often he met witli 
in the intestinal canal or other wivities of eartliwuriii, insect.s, itc.. 
mid .sometimes in that of higher animals. An individual (h'f'yar'am 
‘‘.'^sentially consists of a large single coil, usually more nr le.ss o^•at^“ 
in form, and .'Sometimes attaining the extraordinary length of 
ihu'^lH of fill A sort of ljK?ak or proboscis frequently projects 

fi-imi one extremity; and in some instances tlu.s is furnished with ;) 

^‘oitsuU tlie memoir by Dr, R, Bkiirhiircl in Wof. /<>«/. I ’t-aitce, x. p. ‘i'it. 

- See Prof. Ed. Vau Beiieden on Gregdi'ina giguntra (toiiiul in tbe intestinal 
'•iiiial of tbe lobbter) in Quart. .Tonnt. yiirroar. Set. a.s. vol. x, ISTii, p. .*)!. and vol. 
xi. j.. Ut 
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circular row of liooklets*, closely reseinbling that which is >^{.,.11 
the head of Tania. There is here a diucIj move complete ditfeii,,,^i.i 
tion between the cell-membrane and its contents than exists < 
in Actinopkrys or in Amceha ; and in this respect we juustlook imnu 
(tiryarina as representing a decided advance in organisation, 
nourished upon the juices already prewired for it by the dinvstiv'i 
Operations of the animal which it infests, it has no need of aiiy 
a[>paratus for the introduction of solid particles into the inteiifu- i,r 
its lx)dy, as is provided in the ‘ pseudopodia ’ of the rhizopoch .,1,4 
in the oral cilia of the Infusoria. Within the cavity of tlie cc-l) 
whose contents are usually milk-white anil luimitely granular, tlieiv 
is generally seen a pellucid nucleus; and when, as often lia|ipf.n. 



the cell undergoes duplieath e subdivision, the process coiuincnccs in 
a constriction and cleavage of this nucleus. The membrane and 
contents, except the nucleus, are soluble in acetic acid. The luovc- 
inents of the body are of very various kinds; there is a fonviinl 
movement which may be due, as suggested by Ijankester. to tlu* 
undulations of the body. The cell itself inuv undergo contraction, ainl 
cimseijuent change in form, which may, or may not, be accoinpanio'l 
by locomotion ; circular consti ictions may extend along tlie hodv; 
or the cell may bend on itself and again sti-aighten out. Py V;tn 
Benerlen the contractility of the cell is localised in a layer oC tli*- 
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the so-called Miiyncyte ' wliich he lias found to consist of 
of contnactile fibrils, ^ hen the jiiocess of oncvstatioii com- 
(VS we find that, whatever the original form of tlie body maybe. 
\x liocomcs globular, ceases to move, and liecomes invested by a 
sii uctiu eless ‘ cyst,’ witliin wliicli the sulistance of the body imder- 
a singular change. The nucleus disappears^ and tho' sarcodic. 
']iia>s lireahs up into a series of globular particles, which gradually 
(vsolve themselves (as sliown at c, </, e, fig, 583) into fomis very 
tiko those of Xavicid(f\ and a cyst iiKwe advanced, and greatly 
niaiiiiified, is shown in fig, oH'i. These ‘ pseudo navicellic ’ or 
• s} Hires,’ as it is better to call them, are set free in time by the 
bursting of the capsule that incloses them ; ami they develo]i them- 
st'lvos into a new generation of (Iregariiue, first passing through an 



Fl«. .'iSii. -frm/r/r/Kff fnini of 'i ubiitJ- 

two adults imitinf;; o, succeecliu^f ; /f. eiicystaiion statre; in <■ 

and <1 the contents are seen breaking up; in r the chanuderistii- 
pseudo-uavioellAr fonn has been af-quived hv the siKires. (After 
Kiilliker.) 


ainu.ba-likc stage. A sort of ^■'oujHgatiou ' has been seen to take 
place between two individuals whose bodies, coming into contact 
witli eacli other by eorresjiondi ug jKiints. first became more globular 
in .'liape, and are then encysted by the formation of a eajiMile around 
tlicin both; the partition-walls Iretweeii their cavities' disappear : 
ainl tile substance of the two Ixrdies becomes completely fuseil 
together. But as the products of this ‘ zygosis ’ ai-e the .‘•ame as that 
the ordinary encysting process, there seems no sufficient reason 
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for regarding it, like tlie ‘conjugation’ of pi-otophytes. as a ^ 
geiieriitive act. 

The Coocklla (fig. 584) are Sporoxoii which look like nhniitc . 
and w Inch are found resting mthin the cells of their host s ; the \ i ■ / 
ileveloped from spores, are falciform in shape, and. moving mi- 
actively, are al)le to penetrate fresh cells. They have l)eeu found in 
the epithelium of the intestine of various forms, and iu-the li\>i y 
vei^tebrates, Some parasites found in the blood (Hjcniainuhidic) 
suchas ranarum. Lankestei-, are allied to the Cocci dj-i 
but are distinguished by having naked spores. Their chief inlcivst 
lies peiha[)s in their relation to various forms of nialaviad .\iiiunir 



Fici. oSl. -i’orridiu m iH'iforiDfi (LfeiKk;U'l) from the. liver of tlie nihhit : 
o, eyst just foniied ; 6, eoiuleiiHed conteats, tiie outer envelojte h:\s 
disainteared ; r, content.^ divided into four spovohldsts ; llie «[h)Vo- 
hlants luve become rounded und clearer iutemally; eaiul/, formalioii 
of the falcifonn ^crm : // and h, spores mure highly inagiiilied ry from 
the side, h from in front. 


the !M.yx<tsporidia is tlte catvse of the silkworm disease. Tlie 

Sarcosporidia are only known from tlu> striped muscnlnr ris>ur ot 
some vertebrates. 

Of the imjieiTcctly kmnvii M uxoapofidht, it mav be said tliat 
their spores are the boilles which are known as ‘ psoro.s]>evuis : 
while the bodies oi)ser\ed by llaiia^y and <itliGrs. ami wroti.irlv 
regarded as the eausi^ of the cattle })l;igue, are sarcocy.sti<ls which 
Hvejii the muscular fiTu'c of mammals. 


' "More and more iiitevesl is being taken in tliis subject, and some of the r^^llh^^'! 
rettent researches are of great interest and iini>ortance. Malaria a|)})earsto he due ton 
Hieni;\ai<ebid which develops in gnats of the genus .-1 iiophf.les ; when iliey arrive in the 
hninan subject they apjieai as nunnte ainorrbuhe which live in or on the ivd I'leod 
corpuscles they give rise Ut sjxn'ocytes which multiply indefinitely, or Jo sexual 
gametocytes which undertake their sexual iunctions as soon as Iliey ''uiei' tlf 
stonuicli of gnats. See floss and Fielding Ould, Quart. Joiini. Micr. ■S'm. xlm- 
I'iOOO) ji, . 171 , aud a very interesting ‘ Note on the, Morphological Signiticauce of llu- 
Various Phases of Tlannaiinebidie,’ by E, Pay Laukester, torn. cit. p. otSl. lli'‘ 
student should also consult M. .A. Lahhe’s * Recherchfis Zoologiques, CytoIogi'iU'':^ 
ct Biologifjues sur les Coccidies,’ in Atrh. ZuuL K.rpn'. 1R{)6, p. ulT cf sn/.. mid 1*''. 
M’asielewski’s Sfioro.i-oeukuiute., Jena, 1H06. A detailed bibliography will found m 
Prof. Ct. Hchucidcrniilil’s JhV Pmtazavn n/.s- Kruukheitserreffer.. Leipzig, 1-”“ 

various Meinoir.s of Ctrassi, T..iu cran, and Leger may be profitably studied. 
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CHAFi'ER XI] I 

.lALlf.4 LCULES-INFimiilA A^D EOT IFF lU 

XoTiiixo can l)*-‘ more vague or seieiiiiflcailv iua])|>ro|iriate than the 
lirle Animak'ule.s ; sinec it only expresses tlie siuall <liinensions ul' 
tli(' ])eings to which it is n])plie(l, and does not. indicate any of their 
cliaracteristic pecLiliarities. ]ii the infancy of nii(‘roscopi(< know- 
iedite. it was natural to associate together all those creatures wliicli 
canid only be discerned at all under a high magnifying power, and 
wlmse internal structure could not be clearly made out with the 
iiistniuieiits then in use ; and thus the most heterogeneous assem- 
hlauc of plants, zoiiphytes, minute crustaceans, larva* of worms, 
iiiolluscs. itc.. came to be aggregated with the true animaleules 
under tliis hea<l. The class wns being gradually limited by tin* 
iciiioeal of all such forms a.s could be referred to (ptliers; but still 
vci'V little %\ as known of the real nature of those that lemained in 
it until the stmly was taken up by Professor Ehvenberg, with tin* 
advantage of insti'iiinents which had derived new and \astly im- 
proved ca|,):ibilities from the application of the principle of aeliro- 
iiiatisin. One of the first and most important results of his study, 
iiiid that wlii(*lL has most firmly maintained its ground, notwith- 
>tauding the overthrow of Professor Ehrenberg's doctrines on other 
points, was the se]iaration of the entir'e assendfiage into two distinct 
groups, having scarce!) any feature in common except their minute 
size, one being of very I(»f\ and the other of colnparati^■ely high 
<ii’g'auisation. thi tlie lower group he conferred the designation of 
l*olgijastrica (inany-stomached), in consequem-e of ha\ ing been led 
to form an idea of their oi'ganisation which the united voice of the 
uittst trustw orthy oliservers now pi'onoun(5es to be erj'oueous ; and 
as the retention of tliis term must tend to perpetuate the errea-. it 
is well to fall back on tlie name In/nsorifL or infusory animaleules. 
which simply ex[)resses their almost nniversjil prevalence in infusions 
organic matter. To the Iijgher group Frofessoi- Ehreubeig’s 
name Roiifem or Ihiatoria is, on the whole, very ap]>ropi‘iate, as 
significant of that peculiar arrangement of their (alia u{)Oi] the 
anterior parts rif their bodies, wdiich, in some of their most comiuoii 
loruis, gives the appearance {wlien the cilia are in acticn-i) of wlieels 
Ul revolution; the gron}>, how^ever, includes ma.ny ineml.>er.s in which 
die (!iliated lobes arc so formed as not to bear the least resemblance 
to wheels. In their general organisation these ‘ wheel -animalcules' 
'"taiid at a much higher level tlian tlie iin ice 1 hilar J nfusoria, but it 

:i 0 
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is (lifticult to decide what is their relation si lip to other ni' 

animals. Xotwith.standing the Avide zoological separation h.-i'M-eu 
these two kinds of aiiimnhailes. it seems most suifcihlo to tla* pi;,,, 
of ihe present work to treat of them in conne(‘tion with onean<.rlu-j.; 
since the micro.scopist continually fiiuls tlmm associated togctlu.), 
and studies them under similar conditions. 

Hkc I' lOX I . — 1 X FUSOIU A. 

This term, as now limited hy the separation of the 
iin the one hand, and of the Roitfem on the other, is applied Td a 
for smaller range of forms than avhs included In' Professor Elmai- 
herg under the name of ' polygastric ’ animalcules. Ft>r a hu-cj,. 
section of these, includiiig the JJfismi/liacett’, J)iatomacf^o\ Volroci ffHi. 
and many other proto])hytes, have been transferred hy gaiieial 
(though iiot universal) consent to the vegetable kingdom. Am] 
it is not imp{rssible that many of the reputed Infusoria may Imit 
larval forms of higher organisms, instead of being themselves Cdin- 
plete animals. Still an extensive group remains, of whicli no otlmv 
ac(*(nuit can at pre^sent he given than that the beings of whicli ii j> 
composed go tliroiigb the Avhole of theii* lives, so tar as we are .'ll- 
<]uaiiited with them, in a grade of existence which is cs.seiiti;(l|y 
protozoie, eacli imlividual aiiparently consisting of but a siinjh a'JI. 
t.homdi its jiarts arc often so highly differentiated as to reprcsi'in 
(onlv, however, hy way of analogy) the ‘organs' of tlie higlit'i- 
jiiiiiiials after winch they are usually named. 

Among the ciliatf^ Infirsoria, which form not only hy fur tlir 
larc^est. but also th(' most characteristic division of the group, theiv 
is probablv none s;Ave such as are dcgi’aded by parasitic liahif. 
which has not a )U(.nth. or ])ermanent orifice for the introduction 
of f<x)d, wliicli is <lri\cii towards it by ciliary (‘inTcnts; wliilr :i 
distinct aual orilice. for the ejection of the indigestible residue. i> 
not iufreijuently present. The mouth is often furnished Avitli n 
(Untal armature, and leads to an ersophay^^xd canal down wliidi 
the food passes into the digestive cavity. This Viwiiy is still 
oc‘cupicd. however, as -in rhizopods. by the cndosarc of the cell : hut 
instead of lying in mere vacuoles formed in the midst of tliis. tlir 
foo(h particles are usually aggregated, during their passage dowjs 
the (esophagus, into minute pellefs. eacli of Avhich receives a special 
investment Of finii protoplasm, eon.stitnting it a dlipsticc muv- 
(fig. o 89 ) : and these go throiigli a sort of circulation wirliin lii* 

cell -cavity. . , i i i i,,, 

The ‘ contractile vesicles,' again, attain a much higher lUneioi - 
ment in this groii]), and are sometimes in connection w ith a iielwevk 
of ('anals channelled out in the ‘ectosarc ; ’ Avliile their rhythinu'a 
action reseml)les that of tlie circidaiory and rr^^p’tratory ;ipp!iratu> 
of higher animals. There is ample evidence, also, of the preseno 
of a specially contractile modification of the protoplasmic 
liaving the action (though not t he structure) of’ 
and the manner in which the movements of the actiAe nc( 

Infusoria ai'C directed so as to avoid obstacles and find out 
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^.(.aisto iiulic'ate that juiothei* portion of tlioir protojdusmic snh- 
rT-oict* have to a eeitnin degree the s]ieeii»] eiitlowuients wliiclt 
•liaiacterise the n^irrous system;^ of liigher aniiiials. A Itogt^tliei*. it 
he that in the ciliate Iiifuso]'i!i iJi(> l\p (f the si)n/le ivl/ 
iifiij.'i its high^^i /u-pression} 

Hefore })roc*ee<ling to the description of the cili«ifi Infusoria, 
liowevei'. it \vill be of advantage to notice two siuidler groups — tlie 
and the sncloritd — whicli, on account of the [leeuliarities 
,if tlieir struoture and actions, are now I'anked as (iistinct, and of 
wliose * miicellnlar ’ cliai'acter tliere can be ]io reasoualde dovdd, 
dnee thev arc, for the most pai't, ‘(dosed' cells, sea rerdy distingnisli- 
;(hle morphologically from those of protopliytes, 

riagellata, — Our knowledge of this tribe has been gronth' aug 
iiienteil in recent years, not only by the discovery of a great variety 
of new fonns, but still more by the C:ireful study of tlu' lite-history 
of several among them. The pi' 0 [)ei'ly so calhal,- wlncdi are 

amongst the smallest living things at j iresent known, arc its simplest 
rejiresentatives ; but it also imdiides orgaiiisn^s of mud) greatei- 
eoinplexity ; and some of its eomposite forms s(‘eni to ]iav(‘ a very 
leiuarkable relation to sponges. The }f(mas IsiiR, huig familial- 
to iiiicroscopists as (wcurring in stagnant watei'S and infusions of 
(locouiposing organic matter, is a spheroidal particle of protoplasm, 
from v->Vi (T^^ of an inch in diameter, enclosed in a delicate 

hvaline investment or ‘ ectosarc,' and moving freely througli the 
water hv the lashing action of its slendei^/Zto/d/^n/?, \v}ios(‘ length 
is fi'om three to five times tlie diameter of tlie body. Within the 
1 k)( 1\ limy be seen a variable niimber of vataioles; and these are 
occasionally occupied paiticles distinguisliable by tiudr colour, 
wliii'h have been introduced as food. These seem to enter the body, 
not l)v any definite month (or permanent opening in the e(*t,<>savc). 
but through an aperture that forms itself in some part of the oral 
region near the base of the llagellum. In some true J/o/mc/hea 
neither nucleus nor contractile vesicle is distinguishable, but in 
the iimjority a nucleus can be dearly seen. The life-history of 
se\'eral simple M(yti(uliiUH preseiitiag themselv(‘s in infusions of 
decaying animal matter (a cod’s head being found tlu^ most pro- 
ductive material) has been studieil with admirable p(‘rs(‘verance 

' The doctrine of the uuicelluliu- nnture of the //p'as-o/vVf has hotoi a subject »'f 
k’cn conti-oversy atnougsl zoblogisls from the time wlieu it was first defhiitelv pul 
fonviivd by Von Siehold (Tjt'hyhuvli (hr verjhirh. Aiifit. Bevliu, 1st.’)) in opposition 
to the then paramount doctrine of Khrenberg as> to the comple.xity of their organisa- 
tioii, which had as yet been called in question only by Diijardin {Hinf. Xut.th'.'f 
fpiimjrs, Paris, 1811). Of late, however, there has lieeii a decitled eoiiver":eiure of 
<'l)iiii<(n in the direction above indicated; ivhich has been brought about in irreat 
dcciee by the contrast between the proto^:nif siinplicity of tlie re])roductive aiid de- 
velopmental processes in infusoria, as, for example, shown by Dalliiijtev and Drysdale, 
and by the former alone in tlie life-histories of tlie Saprophytes, and (he coinplexity 
of the like ju'ocessRs as seen in even the lowest of the which has heen 

specially and forcibly insisted on by Haeckel (‘ Znr Morpholoeie di-r lufusorien,' 
Bd, vii. 187:-i]. An excellent sunnnavy of ihe wliole discussion 
"its e)\( 11 l)y Professor Allnuiiii in liis Presidential Address to the rjiuneau Rocietv hi 
18m. 

, ■ ihe family of Ehreiihei'ii imd Dujardiii consists of an a>;irreeale of 

toims iunv known to be of verv dissimilar nature, many of them beloii>(in«- to tlie 
'e;i:et able kingdom 

H V 2 
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and thorongluiess by Messrs. Dallinger and Drysdale, of im. 

pnrtant observations a general summary \vill now be given.’ 

The present Editor adopts the lead of Dr. Larjientei-, in 
arranging the mprophytic monad forms in this place in the 
series. They possess features that ally them, as has been a]ie,‘n]Y 
suggested, to the vegetable series, and indicate aflinitios wii], 
certain Nostocaceae and the Bacteria. ' 

There arc some reasons for looking at the saprophytic iju»ari,l 
forms as a pos.sihly degraded hut still siieciaH.sed group. In c<.iuiuoii 
with saprophytic Bacteria, they are specifically related to the 
up and tarrying on of decomposition in dead organic tissues. J,, 
organic infusions and films of gelatine, or tidies of agar-agar, tlie 
bacterial forms are. as a rule, enough to .set up and carry ou 
ilestructive ferment. But wliere great ma.s.ses of tissue arc .lecom- 
])Osing, the presence of the larger moiiatl forms is oertam and in- 
evitable; and by them, accompanied by the Barteria, the pnxesses 
of fermentative ‘rotting are carried to the eial. 

It is their morphology which points to the blageliata. aial we 
should incline to consider ‘them a degenerate, and by degeneratiau 
specialised form of the Flagollata if they - -about ^ight or nine dn- 
tinet forms in this latitude— belong proiieidy to the Flagellata at 


* The siuiTilest of the^e organisms is represented in llg. 1 Plate 
XY. A. It lias been named by Savdle Eeiit Momoi }Mhnr<<. 
.aud'has bv comparison, a simple life-history. As it is witli the 
entire ^u-oup, all is subservient to rapidity ot multi|iht‘ation : and 
there are two methods in which tliis is efiected. The first and e.a>i- 
inonest is by fission ; fig. 1 , A, represents the normal form of the 
(iraanism. it has adong diameter of about the of an mdi. 

and has great ease and grace, and relative powTr of moveme, . 
In a certain stage of its history as it swims freely there suddenly 
appears a constriction across its body, as 111 fig. Dus is at ome 
accompaniefl bv an ap,.ai-cnt effort of the op|X,srte flagella o iml 
against each other ; the consequence is a very rapid stietihin^ -; 
a‘ neck of sarcode lietween two halves of the bodv, as lig. - 1 > 

becomes longer, as at t, and attains the length of t-o ^vgel as 
when the two dividing halves approach and imitualh d.iit i n a 

each other, snapping the connecting fibre of sarwde 111 tlic iuki • 
so that two perfect forms are set free, as in n and 7 

This, in the course of from two to tliree minutes, is on. r im 
begun Hiid carried on in each half successively, so that tbeie ^ • 
incase of the form by this means in ra|nd geoim^ 11^0 
But this is an exhaustive jiroc-ess vitally, for aftei 'j 
ing from eight to ten days there always appear in the « ^ 

and unchanged field of obsevvation noniml ffjms, uith 
rliffliipnt or ammba-like envelope, a^; seen in figs, s anil . . * • 


I See succe»iv. paper, m fte IS 

58, 245; vol. ai. 1874, pp. 7, C9,8-,; |,r';t,eSllv f.vtla 

8,'. : and Proceed. Boij. Soc. vol. xxvoi. 1878,1). 66^. But. u ] _ 

ilts with recent objectives^ -/o r Micro. b(>r.\ . • 

93; vol. vii. p. 185; vol. viii.p. 177. 
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xoiiii'tiiHes .swim anti sonit'tiiues creep, annelta-like, by pseudopodia ; 
hut (lirec'tly tiie tliffluent saveode of one touches tfiat of another 
rliev at once melt togetlier, as in tig. 10, A, Tiiis leads to the rapid 
aitjiroiich of tlie oval itotlies of the two organisms, as in fig. ii, B, 
ivsulting in their fusion, as in figs. la, ]4, a:id a still condition 
o[' t)je sac (fig. 1+) fi>r a period of not less tlian six Ixours ; when it 
hiii'sts, as seen in tig. l.j, ])niiring ont an immense liost of exquisitely 
jjiljinte S/K//W. as shown in fig. 15 . These are ojjaqne or semi -opaque, 
lint l)v observation upon them at a temperature of 65^’ to 70° Fahr., 
tlicv in the course of thirty minutes become transpirent, elongate, 
as in tigs. Hi and 17, and, continuing to grow, assume the condituuis 
iiiid sixe.s represented in tigs, is and m ; and we were able to trace 
them tlu’ough all their changes of growth from t he spore into the 
adidt condition, as at tig. 20, until they entered upon and pn.ssed 
tlireiigh the self-division into two tlescril>ed aiul figured in A. 

The next form, though men more sljnple in appe:\rancc, ha.s a 
iiuioh more complex morphological history. It is seen iii its normal 
form in fig. 1, C. It has Imt (.)ue flagellum, and, as we believe, on 
that account has a much more restricted power of movement. It 
is from the to the -(’mith of an inch in king diameter. In 

its motion at one stage of its life its oval body becomes uncertain in 
form, a.s seen in 2, a, but when this has (lontiiuied for not 
more than a minute, the tlagelium falls in upon tlie l>ody, as in 4, 
and the ovgainsm becomes perfectly still. ]n this condition, after a 
s|iace vaugiiig from ten to twenty minutes, two white l>ar.s at right 
angles suddenly appear, as in fig. ; this is almost immediately 
fuliowed hy anotlier and a similar one at riglit angles to the first, as 
ill tig. <). Then the circaimference of the flattened spliere twists, 
leaving the centre unaffected, so that the body a-ssumes a tnrbined 
appearance as seen in fig. 7, A fter this the Interior suhstance breaks 
u]>, and becomes a knot of slightly moving Imt compact forms, as in 
tig. s; which remains in this state foi- fmm fifteen to twenty 
miiiute.s, and then beeome.s dissociated, as in fig. 9 ; .so that we have 
liere a (“omplex form of multiple, partition, giving rise to enormous 
immber.s, because, although much .smaller than the form in which 
they aro.se, they consume and assimilate foixl all over, and aiv 
simply swimming in their jiabuliim, and so nipidly reach the 
normal size, wlien they each enter upon and {>:iss through a similar 
j)voces,s. 

lint here also at certiiiu ja-riods there ajipeared forms that in- 
augurate distinctly genetic processes. A form like, fig. lO, C, appears, 
larger than the normal form, and always mottled in tlie part near- 
est the flagellum. These forms rapidly attached themselves t<i tlie 
normal forms, as seen in fig. ii, which resulted in a blending of the 
two as they swam together, until * (uther was melted into other ; ' 
and a still s^ic. showm in fig. resulted. 

ibis remained from thirty to thirty-six hours ahsolutely inert ; 
hut at the expiration of that time it burst, a.s seen In fig. i:t, 1), ami 
poured out an enormously difl’usive lluid, which as it flowed into the 
feuiTounding w'ater apjasiredlikea denser fluid, diftusing itself through 
one of less density ; hut no spores were at this stage at all apparent . 1 1 
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wa.s only at'tw much efibrttliiit went last, by keeping the fiimst 
lenses near tlie mouth of the empty were able to discover, uln.].,, 
before nothing was visible, the appearance of minute specks, uliul, 
became larger and larger, gi'owing as seen in 14. 15, it;, i:, 
tile adult size was reaehwl, as at IS, and by tlie act of multip;(i’titi,j„ 
on the pai-t of one of these, watched from its first diselosurt- In 
luiei'oseope, we were able to re enter the cycle of its life hist orv. 

The third form, which we may here consider fully, so as to [U t-Misi 
a good group of histories typical in their presentation of tlie moi-jil,,,. 
logy of the whole of tlie monad-saprophytes as we at present know 
tliem, is given in K and F, Plate XV. 

The monad has been named by Kent i)<iUln(/eria 
Tlie form more recently and completely studied liy Mr. Dallingci- - 
with all the advantages derivial from trained experience, and muli-i- 
objectives of the liigliest (ptality and greatest niagnitying pnut-i'-i> 
seen in its normal shape in fig. 1. is a long oval, slightly (‘oiisn icti-d 
111 the middle, and lia\'ing a kind of pointed neih (</}, from wliul, 
proceeds a tlagelluin about half as long again as tlie Ixidy. Fruin 
th(‘ shoulder-like projections beliind this (6, c,) aiise two other loin; 
and fine flagella, ivliieh are directed I'lackw’ards. The sareodc-lKulv 
i.s (’lear. and apjiarently structureless, with minute vacuoles fli>- 
ti'il)ute<l tlirougli it ; and in its hinder part a nucleus [d) Is dis- 
tiiiguishable. The extreme length of the body is seldom more tlmii 
the of an inch, and is often the ,;^rooth. Tliis nionail .swiuix 

witli great rapidity, its movements, which are graceful ami vaiieJ. 
being jiroduced by the action of tlie flagella, which can not oiilv 
impel it In any direction, hutcaa suddenly reverse its course or eheik 
it altogether. Put besides this free-siviimniiig movement, a very 
curious ‘ springing’ action is performed by this inoiijid when llie ilc 
composing organic matter of the infusion is breaking up. the }a■oet^^ 
of jlisintegratioii lieing apparent!}' assisted by it. The two posteiiei- 
fliigelk aiiclior tliem.selves and coil into a spiral, and the body tlieii 
darts forwards and upwards, until tlie amdiored fkigella straigliteti 
out again, when the liody falls (Virward to its liorizontal position. To 
be again drawn back by the spiral coiling of the anchored fl:igcllii. 
This monad multiplies liy longitudinal fission, the first singe el 
whicli Is tlie splitting of the anterior flagellum into two (Jig. -J, a. 
and a movement of the nucleus (c) towards the centre. In thecouise 
oi' from thiHn to siyU/ stcouda tJie fission extend.s down the neck (fi;'. 
a, a) ; a line of division is also seen at the posterior end (c). aiid tie 
nucleus {h) sJiows an incipient cleavage. In a few .seeomb tie 
clcaA-agedine runs tlirougli the whole length of the body, the sc[>:ti:i- 
tioii being Avide.st posteriorly (fig. t, tr) ; and in from one to f’*'' 
minutes the cleavage becomes almost complete (fig. .5), tlic 
]^)art of the body, witli tiie two liah os [a and h) of the oiiginal nucleic, 
l-ieing now ipiite diseonuected, though the anterior parts are sp l 
held fiogether liy a transverse bind of sarcode, as .seen in fi.g. •!. 
continues to rapidl}' elongate, as in fig. 7. and becomes the leiigtli j'l 
two side flagella, as in fig^ s. The forms then approacli and nipidly 
I'ecede from eacli other, snapping the cord, as in figs. H and He 
this Avay tiro forms exi.st instead of one ; and each of these alrnot im- 
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pn emters upon uml passes tlirougli tlie saiiio jH'ocess <il' Hssum. 

tVoni lii'st to last is completed in from four to seven minutes ; 
..,pl lieiug repeated at intervals of a few minutes, this mode ofmulti- 
i.licatidU ]ii-odLices a rapid increase in the numlKU' of tlie monads. 

Such fission does not, lu)we\ er, continue iiid<diiiitcly. for after 
..(Krcssive series tjf fissions, followed in one of the divided l>odies 
tor ciu'ht or nine hours, certain individuals do not again cuter ujKm 
rlio pKK'ess of fission, hut undergo a peculiar cliange, which sliows 
itx-lf first in the tibsorption of the two lateral Hagella anil the great 
(Irvclojuuent of the nucleus, and afterwards in thi^ formation of a 
naiisverse granular hand across the middle of the body (fig. ll, E). 

( )iu‘ of these altered forms, swimiuiug into a groiiii iu the ‘ springing ' 
>ti(te. within a i'ew seconds firmly attaches itself tonne of them, which 
at iiuce iiuanchors itself, and the two swim freely and vigorouslv about, 
diowu ill fig. 1 -h generally for from thirtydive in forty-five minutes. 

( Iriiduallv, however, a "fusion’ of the two bodies ami of their re- 
spective nuclei take.s pkee, the two trailing flagella of the " springing ’ 
form being drawn in (fig. 13 , F ) ; and in a short time longer the two 
anterior flagella also disappear, and all trace of the .separate Ixidies is 
lost, the nuclei vanish; and tlie resultant is an irregular a nueboid ma.ss 
(tii:. 14), wliich gradually acquires the smoiith. distended, and 'still ' 
(.'oiiditiou represented in fig. U, a. This is a cyst filled with ve])Vo- 
ducti\e particles of such extraordinary minuteness that, when 
emitted from the ends of tlie (;yst (fig. 1.0. «) after the lapse of four 
or five liours, they can only be distinguislied under an amplification 
Ilf .uO(K) diameters, with perfect central illuiiuiiatioo, /.c. the full 
nine of a large-angled condensci'. Yet these } jii-tieles. when con- 
tinuously watched, are soon observed to eulavg(‘ and to undergo 
elongation (figs. Hi. 17 , is, ly, 20). and within two hours after their 
emission from the sjic the anterior flagellum, and afterwards the two 
lateral flagella (fig. in), can l.>e. distinguished, Slight iiiovenients then 
('inuiiieiice, the neck-like ]UV)f-i‘usion shows itself, and in about 
half an hour more the regular swimming action begins. About 
four hours after the escape of its germ from the sac. llie iiiouad 
acquires its characteristic form (fig. 21), though still only one-half the 
Icugrh of its parent : but this it attains in anotlier liour. and tlie 
|iroeess of uuiltipli(!ation by fission, as already described, eomnienees 
vory soon afterwards. There can be no reasonable doubt that t 1 a‘ 

’ cdujugatiou ' of two iiidi\iduuls; followed by the transformation of 
ilieir fuseil bodies into a Siic filled with re}n'oductive germs, is to he 
regarded (a.s in pi'otopliytes) in the light of a true process ; 

iuul it is interesting to observe the iruii«ition of sexual distinctiou 
here marked by the different states of the two conjugating individuals. 
Ihere is every reason to believe that tlusinoiiad 

has tints been elucidated ; and it will now be sufficient to notice tlie 
priucifud diversities observed by Jlessrs. Ifullinger and Drvsdale in 
ttie life- cycles of the otlier monadiue forms which they have studied. 

ihe 01' 'acorn ’ monad of the same observers (identi- 

fied by Kent with the J\di/toma uvdia of Ehreiiberg) presents some 
remarkable peculiarities in its mode of reproduction. Its binary 
tis'^iou extends only to the protoplasmic substance of its body, leaving 
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its envelope entire ; niul by a repetition of the ]>ro(;e.ss, as inaiiv k 
sixteen segments, each attaining the likeness of the j>arent, fn-,- 
thus inclosed, their flagella protruding through the general iavtst- 
nient. This compound state being suppo.sed by Ehrenbergto he tht* 
normal one, he named it aec^ordingly. But the pareut-cyM si,,,)! 
l)ur.sts, and sets free the contained ‘macro-spores/ Avhi(;h swiinidK.nt 
freely, and soon attain the size of the parent. Again, the p(t>teii(,i 
l^irt of the body of certain individuals shows an aceninulatiou of 
granular protoplasm, giving to that region a roughened a{;oin-(:i{j,, 
like aspect ; the bursting of the projection, while the crenture is 
actively swimming through the water, sets fiee a ninltitude of 
indefinitely shaped granular fragments, within eairh of width n 
minute bacterium-like corpuscle is developed ; and this, nn 
release, accjuires in a few hours tlie size and form of the oiiyiiiid 
monad. This ]n‘neess seems analogous to the development of •iidciu- 
s[)ores’ among protophytes by the direct breaking up of tlie piotd 
plasm. It is, like the previous process, nori-sexnal or (jo/titUfd, rh.* 
true generative pi'ocess consisting here, as in the ]>receding coses, iu 
the ‘conjugation' of two individuals, with the usual results. 

The hooked m.on<ul {Ileteroniita (.mcinata, Kent) is another lii- 
flagellate form, usually ovate with one end pointed, and from 

length, being distinguished from the ]. IV- 
eediiig by the peculiar character of its flagella, of which the one tlnr 
jirojeets forwards is not move than lialft.he length of the bodv, and 
is ]>ermaiieiitly iiooked, wdiilc the other, wdiosc length is about twice 
that of the body, is directed backwards, flowing in graceful eiirvi >. 
Its motion consists of a succession of springs or jei'ks rapidly follow- 
ing each other, which .seems produced by the action of the hooked 
flagellum. Multiplication takes place by tra/iiirp/’S'e fission, ami oni- 
ti lilies uninterruptedly for several days. A diflcrcncc then becouiiN 
perceptible between largei“ and smaller imlividuals, tlie former bein,:^ 
further distinguished by the presence of wliat seems to he a con 
t:ra(‘tile vesicle in the anterior part of the body. Conjugation occniv 
lietween one of the larger and one of the smaller forms, the latter 
lieiiig, as it were, absorbed into the body of the larger; ami tin* 
resulting product is a spherical cyst, w^hicli soon begins to e.xliibit 
a cleavage -process in its interior. Tlii.s continues until the wholv 
of iis stircodic substance is subdivided into minute oval putido. 
which are set free by the rupture of the cyst, and of wdiich eadi i^ 
usually furnished w'ith a single flagellum, by whose lasliing movv- 
ment it swims freely. These germs speedily attain tlie size and Ini'ti; 
of the parent, and then begin to miiltijily by ti’ansverse fission, (li!i> 
cnin]ileting the ‘genetic’ cycle. 

The calycine monad of the same observers (Teiramilns 
Perty) has a length of from 

pressed body tapering backwai-ds to a jioint. Its four flagella (whuh 
constitute its generic distinction) arise nearly together Iroiii tli*' 
flattened front of the body, and its swumming movement is a giaa'- 
ful gliding. Near the base of the fliigella are a pair of contmetile 
vesicles, and further behind is a large nucleus. Multiplication t;tkv> 
place by longitudinal fission, w hich is preceded by a change to a stun- 
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state. This gives plac-e to a more regular i)ear-like form, 
t he four flagella issuing from the large end ; and the fission eomineiices 
■it their l)ase, two pairs being separated by the cleavage-plane, Tlie 
iiiK'leus also undergoes cleavage, and its two halves are carried apart 
l,v ihe backward extension of the cleavage. The two half-boilies 
.,r last remain connected only l>y their hinder prohjngations, which 
<in'cdilv give way, and set them free. Eiici), however, lias, as yet. 
(„jlv two flagella; but these speedily fix themselves by their free 
,*xtVeinities, undergo a rapid vibratory movement, and in the course 
of altout two minutes .split theiiuselves fr'om end to end. A still 
iiiiire complete change into tlie aimeboid condition, in which the 
cveuture not only moves, hut also feeds, like an A ))i<t:ha (devouring all 
tiic living and dead Bacteria in its iieighlwnrhood), occurs previon.sly 
to ^ conjugation ; ’ and this takes place between two of the annclKtid 
foiuis which begin to blond into each other almost Innnediatclv 
upon coming into contact. The conjugated bodies, hosve\-er, swim 
iVeelv about for a time, tlie two sets of flagella apparently acting in 
I'oncert. But by the end of about eighteen hours the fusion of 
tlic bodies and nuclei is complete, tlie flagella are lost, and a. 
sjAierical distended .sac is then formed, which, iii a few' hours more 
without any violent splitting or breaking up, sets free innumerable 
iiia.sses of I'cproihictive particles. These under a magnifying power 
(if '2.500 diameters can be just recognised as oval gr.amiles, which 
rapidly develo[) themselves into the likeness of their parents, and 
in their inrn multiply by duplicative fission, thus comjdeting the 
■ genetic*' cycle. 

One ot the most important researches thus ahly piusecuted by 
Messrs. 1 tallinger and Drysdale has reference to the teuiperatures 
respectively endurable by the adult or developed forms of these 
monads, and by their reproductive germs. A large number of exjieri- 
ments upon the several forms now described indubitably led to the 
conclusion that all the adult forms, as well as all those which had 
reached a stage of development in which they (‘an be distinguislu'd 
from the i*cpi'oduetivc givinules, are uttei-ly destroyed by a tempei-a' 
tare of 150° Fahr. But, on the other hand, the reproductive gmindcs 
emitted from the (wsts that originate in ‘ conjugation ’ were fouinl 
capable of sustaining a Jiuld heat of 220°, and a dry heat of alx)ut 
■>(t° more, those of the Cercomonad surviving exfiosure to a dry heat of 
500° Fahr. This is a fact of the highest interest in its bearing on the 
({imstion of ‘ spontaneou.s genenition,’ or abiogenesis; since it shows 
fliatgerms capable of surviving desiccation may lie everywhere diffused 
through the air, and may, on account of their extreme minuteness 
(as they certainly do not exceed an incli in diameter), 

altogetlier escape the most careful scrutiny and the most ihorough 
cleansing |)roces,ses ; while (2) their exfinaordinary power of resisting 
lieat will prevent these germs from being killed, either bv lioiling, or 
by dry- heating up to even 300° Fahr.^ 

!%oud these facts others of some importance, as wadi as a new 

' Des-criptions of tlie s^jeciid apparatus used liy Messrs. Dulliuger and Drysdiiiki 
111 t leir I'esetii'ches will lie fnnjid in yfonthli/ Micros. JvUi'ic. vol. xi. 1874, p. i)7 ; ihiil. 
vol. XV. ]S7(), p, 16o; and rroccuJ. Hoy. Soc. vul. xxvii. 1878, p. '643. 
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.>;Mpi'0[)]iyti(* organism ^ of speeifil oharucter, have l>een <lisc(i\, 
(lining a recent period. But it will be of more moment liere lo 
to what all extent in this series of oliservations the new Aew 071-, 
tthjectives, esjtechdli/ !n theh- apochrovnrf/fc fonn, liave been succiss. 
fuih eni[)loye(l in luilaigiiig the area of knowledge. 

The present Editor lias gone carefully over the greater jun t df tjj,, 
work, revising all the eritiesil points with the be.st apoehroiaaric uli- 
je'ctives, and the homogeneous forms of achroinatie.s with an ajici tui,, 
of I'dO and with :i clear demonstration of the iiinnenseiv grcatei 
with which the work conid have been done had these lenses liecH usn] 
in the original investigation. 

But the easily aceessibie ]jvoof of tins is given in the workdimr liv 
Dr, Dalliiigei' upon the y/acVf^ei'ofihe nucleated forms of these niounils 

Briefly to pre.seiit the facts, we may I'ccall the part taken in 
net of fission in the form last described {JJalliiigeria Degiidnli). |t 
will be seen by reference that it appeared to us that the innit>ii.< 
loired the p/'oceanen lit(iti(j{>r(ded htj the somatic sarcodr. That in t'acr 
it was a passiM- [larticipator in tlie act of fission. This is all 1 j,;,! 
can be made out to-dan by the very lenses originally emplovcd. 

But by the emplovment of a /.^th inch and hi<^’h limue 

geneous of X.A. 1 dO by Powell and rvealaiid, and an ajHichi'nitiatic 
of inch X.A. lAO liv the same firm; and also by the use uf 
the beautiful d mm. and '1 mm. X.A. I ‘40 of Zeiss (apoclirouiutic). 
it can be .semi with comparative ease that it is in the nneb-ua dot 
ff/? the acti\-ities of the liody are originated. 

This mav he followed from a st iidv of Plate XVT. hng. i. A. 
re[)reseiits the nucleus of the form drawn at fig. 1. E. Tl;ite 
XY. Ill long diameter it is of an average length of <4 

inch ; l)ut instead of being a darkly refractive object, as seen witli 
the objectives used twelve years ago, it is witli the pre.seiit lenses, 
freed from cbcomatic and splierlcal aberration, a body in tlie iiiuimil 
iindorgoing no pi-occss of change, an oval globule with a eomjilioitol 
]>lexus-like involution througliout its substance. a.s .seen in fig. 1 ;. 
Plate XVI. But directlv’ the prot'ess of fission is tube Inaiignnitcil. 
we need not wait to see its first action in tiie splitting of tlie 
tlagellum, as In fig. -J. E, Plate XV ; for hv observing the nuclein 
wo discover, before any change iias begun in the body-siilistaiice. 
that the pier as iu the nucleus ha.s condensed itself on either side oj 
the nudens, as in fig. 1, 1), A. Plate XVT. A clear space is left at c. 
and no change lias taken place in the body-sai'CiKle, a, a. a. but 
shortly an incision takes place In the nucleus, ns at d. fig. 2. au'l 
this is immediately followed by the incision f in the l)ody'.'^aivni1c. 
and the process goes on .simultaneously in nucleus and body, as m 
fig. until the division of the nucleus i.s completely cflfected. and rite 
total SB\'ei'auce of tlie body follows. 

But as soon as the nucleus is divided, the plexus, wliicli lia.s hccii 
during division, as in fig. .‘5, condensed over }iart of eacli dividiiw' 
lialf, at once distributes itself evenly again, as in fig. <). A. and re- 
mains so until another change is iiiauguintcd in the form tu wliicls 
the nucleus lielongs. 

* Jotnn. of Uojjdi ^ticroa. Hue. v<il. v. 
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X(it muarkMblo tliis in tlin coi)jiiij//ii<ui nf tlie same loni!. 
With tho i>l<l lenses we. could only discover that the end of a 
(d fissions had !ieen veacited hy the cliaiwa^ which came over 
The entire l)ody of the terminal form seen in fig. ll, E. Plate XV. 
i'.ur now, before the amoeboid .'<tate preceding the assumption of 
tIs,. condition shown in tig, 11 takes place, it eau he seen that tlie 
nucleus undergoes reniarkahle eliange. for it pa.sses from a highly 
ivfractive plexiis-llke condition int(»a large milky structureless state, 
:md in this condition blends with one of the ordinary forms whose 
nucleus is of the (mlinary type. Tlu' lii'st result of fusion is seen in 
lio-, 4 . A, Plate XVI. showing only the greatly magnitied blended 
nuclei, and where the hlendiiig hetween them is stam to he nearlv 
cniaplcte at n. and a nucleus or nucleolus is manifest; while 
wlicji the hlending is nmre ]>erfect there is a diffusion of thi> 
ceiitral or nucleolar Iwaly througli flu* substaiiee nl’the whole, as in 

tig, ■>. A. 

Ill H, Plate XVi, the nucleus only, separate from the body of 
tIu* organism known as Tt'lraviitus I'ostrati'n. is shown as we can 
ii-veal it with recent (lerman and English apochromatic ohjcctives. 
This entire organism is relatively larg(*. and its liiieleiis will averagi- 
ill long iliaineter the j ji,'n,,,th <d‘ an in(‘h. 

Hence it affords a still inTtcr means of .study. X'ow tin’s 
uigaidsni divides hy fission for a very considerable time, hut al- length 
main' forms lie<‘ome aiiueboid— ad ing jirecisely as an aniceha. but 
retaining traces of their primal form. In this slate two of them 
hleiuh and as a result a sac of s[)Ore is foriucil from which, a new 
generat ion arise.s. 

\W could with the old olijectives determine nothing more than 
the tact that the anachoid form had sujiein'eiied ; hut now’ it is easy 
to show that the iiueleus in the body of a form not yet ainadioid is 
uiulergoing change upon which the aimelioid state is certain to 
supervene. 

d'his is even more sti'ikiug in the growth of tliegenn. It attains 
a certain size in growtli. and then tliere is an arrest of all enlarge- 
ment. TTiis we had long oKsevved in the earlier olisei-vatioiis. But 
now with ajioehromatic object-glasses it has been demonstrated that 
this arrest of outward growth is only the signal for an internal de- 
velopment. Fig. 1, B, Plate XV I, sliows the eonditlou of the nucleus 
wfieii there is an appaient pause iu its growtli. Fig. 2 sliows the 
same nucleus after about forty iiiiiiiites of e.vternal inaction, a plexus- 
like foruiatiou having filleil its snlistaiu'e, 

The nucleus remains thus in the mature body of tlie monad 
jlssioi> is h<‘ imvijiKi'ni’Hl. when the change scon in fig. 
followed by the changes and dee[)cr division setm iu figs. 4. 5. t. 7, 
;'iid s, ensue, and rr/ifer the state of the unchais seen in fig. 4 has 
been i-eached, the division of tlie entire body begins. 

1 1 ttn us appeal's that a form of kttrifokiitf'sls takes phice in the 
ma'leius of even sucli lowly forms as tliese. ami that it is the nucleus 
dial is The .seat of their intensest vitality. 

A large series of more complex forms of flagellate Infusoria 
bas been brought to our knowledgi* by the ivseaiches of the late 
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Professor Jfiiiies-Clai'k (U.S.A.)/ followed by those of Stein, 

Kent, ^ and liergh. In some oftheseasort of collar-like extensi,,!i ,,f 
what appears to be the protopLtsmic eetosarc proceeds from the ant- sin,, 
extremity of the body (fig. 585, c?), forming a kind of fnrinel, fi-om i]„, 
l)ottoin of which tlie flagellum arises; and by its \dbrations a lui- 
rent is produced within the funnel, wliich brings down food-parti,-!,.^ 
to the ‘ oral disc ’ that surrounds its origin while the eetosarc si vju., 
softer than that which envehtps the rest of the Ixtdy. Towards t]i,- 
base of tJie collar a nucleus (/^) is seen; while near the pustcvini 
termination of the body is a .single or double contractile vesicle (r- ). 
Tlie body is attached by a pedicel proceeding from its po.sTtaior 
extremity, which also seems to be a prolongjitioii of the ectosme. 
These animalcules iindti|)ly by longitudinal fisshm ; and tliis. in 
some cases (as in the genus Monmuja)^ procecd.s to the extern of a 
co 3 ii[)lete s(‘]3aration (T tlie two bodies, wliich heucefortli, as in tIh- 

ni'<linai'y MonAtUmi, 



Fici. 585. -yiiij'le zollid of (.’(-/(■jsi-rya 
collar; a, luicleus ; rr, diuiblc eoiitr 


live (piite indepeu- 
ently of each orlit-i. 
But in other forms. 
CodosUjd^ the fis>l(,ii 
d oes not ext end tl 1 rou_i;i 1 
the pedicel, and tli. 
twin hollies beiiig tins 
held together at tlui;' 
bases, and theniselv-.-s 
undergoing duplicative 
fission, clusters arcj-io 
duced wliich spriig- 
fconi common pedicih 
(fig. 58()) ; and ay 
the extension of tli-- 
division down tijc 


mMUitii ; d, 
•iii.'tilf! vRrticlp. 


])edicels tlienisclvc-. 
com|)osite arhorescctir 
fabrics, like those of 
zoo})hytes, are [iro- 
duced. 


In another gi'()U[) a sti’ucturele.ss and very transjiavenf homy 
calyx, closely resembling in miniature the polype -cell of a CVmJyM/o'- 
laria, form.s ii,self round the body of the monad, nhicli can retract 
it.self into the bottom of it ; and in the genus Sulinuijitm h'tii 
calyx and collar are present. Tu some forms of this group iiiulti- 
plication seents to take place, not by fission, but by genmiation : 
and, as among hydroid jKilypes, the gemnur. may either detach 
themselves and live independently, or may remain in comiectum 
with their ^-larcnt- stocks, forming composite fabrics, in .some of wliicli 
the calyce.s follow one another in linear series, while in (itliers tliia 


^ See hi.s memoirs in 2\af. lliai. ser, 3, vol. xviii. ISC-ti; tip. - -t. 1, -v'l 

1868 ; vul. vii. 1871 ; and vol, ix. 1872. 

See his Manual of the Infnwria, 1880-82, 2 vols. and t vol. of pliiti's. 
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1 kr a rainifyiiii^; an'iiiigeinrnl,. While some of these composite 
are sedentary, othei“s. as Dhtolnjon, arc free -swimming. 

"Two solitary flagellate forms, A ))th,(yphtf8a and may 

!h‘ specially noticed as presenting several interesting })oints of 
),M‘niblance to the j)eeali:n' ty[>e next to V)e described, the most 
rotieeable being the presence of a distinct month and the jwissession 
,,frwo different motor organs — one a con ipa rati vely stnut and stifl' 
l!i-i>t]e. of uniform diameter tiiroughont, which moves by {>ccasioual 
ifvks. and the other a \'ery delieate tajiering flagellum, wlucli is 
iii c<mstaut vibintory motion. i f. as a[)pears fix an the ob.scrva- 
tkais of Butscbli, the well-known oi’ whicli one species has 

a lilood-red colour, and sometimes multiplies to sucli an extent as 
ta tinge the water of the ponds it inhabits — liasa true mouth for the 



Fig. h^^.—Codamya nmhdUita : Colony* stock, s])nn<i;in|f from single 
pedicel tripartitely branched. 


reception of its food, it must be regaixied as an animal, and st^pa- 
rated from the Enyhna [\\it\\^\'\\\v]\ it has been generally associated), 
the latter being pretty certainly a plant belonging to the same 
group a.s Vohw} 

Thei'e can be no longer any doubt that the well-known Xoctdnca 
iiiilhris — to which is attributable tlie dlfospd Inmiuosity that fre- 
quently present.s itself in Britisli sea.s — is to be regarded a.s a gigantic 
type of the SiniceOuIar ’ Fliuj^llfda. Tin's auiiiial, which is of sphe- 
roidal form, and has an average diameter of iibout ,.\,th of an inch, 
isju.st large enoiigli to be discerned by the naked eye wlien the water 
in which it may he swimming is contained in a glass jar held up to 

‘ See the memoir by Prof. BiitsebU in yclt.Hchrift f. Winmiarh. /ovJ. Bd. xxx., 
of wliiL-h an abridgment (with platei giveu in \hiiirf. Jatini. MimiK. Sri. vo!. xix- 
p. ba, 
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tlioliglit; and Its Oiildike apiuntda^o, whose length alxnit 
its own diameter, and whieh serves as an iiistnimeiit of loeoiimi i,,!, 
may he discerned with a liand-magnifier. The form of yoctU^i:,, is 
neaVly that of a sphere, so compressed that while on one aspeer (ti,, 
fi 87 , A) its ontline wlieii projected on a plane is nearly ciiaailuv. ir 
is iri'egularly oval in the asjx'ct (B) at right angles to this. Al.n,:;’ 
(»ne side of this body is a meridional gi‘Of)ve, resembling that .if 
peach ; and this loads at one end into a <leep depression of tin* miv- 
iace a, termed the atyhni), from the shallower commenoenu-iit uf 
which the tet^tack. d.^ originates ; whilst it deejKms down at the Ihk,. 
of the tentacle to tlie mouth, f’. Along the oii])osite meridian tlir r,. 
extends a slightly elevated ridge, c, which coimnences with rla- 
appearance of a hifnrcation at the eiiil of the atrinni farthest iV.nii 



B on a piano at right angles to it : n , enti'iinue to atrinni : iitriiiin ; 
e, superficial ridge ; (1, tentacle ; c, month leading to <jesopliagus, 
within whiidi are seen tlie flagelluin springing from its base, and the 
tootli-like process [trojec ting into it from above ; broad process from 
the central ])i'oto]ihisi)iic mass )>rnceeding to superficial ridge; j/. 
duplicature of Wiill ; A, nncleus, (Maguilied abrait DO diameters. 1 

the tentacle : this is of firmer consi^tence tlian the rest of tlie hotly, 
and has somewhat the appearance of a roil iiidjedded in its 
The mouth opens into a short (esophagus, which leads directly dawn 
to the gi'eat central protoplasmic nia.s.s ; on the .side of this canal, 
farthe.st from the tentacle, is a firm ridge that forms a tootli-litc 
j»roicction into its cavity ; whilst from its Hoor there arises a long 

’ The organ liere termed ‘ Umtach‘ ’ is oonmionly designated fidgeUinn \ ulnji* 
what is here termed iha is spokemof by most of tiiose who have Lvcognisf-.l 

itasacifoon. The Author -agn.M.'s with M, Robin in considering the former orgio'- 
which has a reTiuirtable resell ildance to a single fibriila of _strialcd niuscic, 
one peculiar to Xarflliira. and the latter as the true homologno of the ilagcllimi y 
the ordinary Flagellata, It iscun<ins that several observers have beenunaldc 
cover the so-called ciliiim, which was first noticed hy Kroliii. Professor lliixicv ""uv!! 
for it ill at least fifty individiuLts witlinnt sticecss : and out of the great muithcr aa:' 1 
he afterwards exiuniiivd lie did not get a clear view of it in more than half a do^ni. 
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wliic'li vil>V}»tes fi-4\‘]y in its iiiterioi'. Tlie CMitJnl proto- 
mass sends nfl in all directicms braneliinjL' prcilt mirations of 
its s>d)stanee. vvhose raniificutions inosevilate ; tliese lavoine thinner 
;nii1 tliinner as they appnmeli the j^eriplu'rvs and tlieir ultimate 
jilaiaeuts. ct)ming into oontact with tlte delicate meniVa'anfUis bcKly- 
wali. extend themselves over its interior, forming a jn-otoplasmie 
jiftwork of extreme tenuity (tig. 588). Ih^sid^^s tliese branching 
|ii-iilongations, tliere is sent otf from t]ie central ])rotoi>lasinic mass a 
Kvoad. thin, irregularly quadcangnlar extension (tig. 587. B./), wlikth 
rxtt'iids to tiie superficial roddike ridge, and seems to eoalesce with 
it; its hover free edge has a thickened boi-der; wliilst its upper 
liecomes continuous with a plate-like striated structure, g, winch 
M'diis to he formed by a peculiar diipli(‘aturn of the body-wall. At 
n]ic sitie of the protopla.smic mass is seen a spherical vesicle, //, of 



Fic. .sSB.'-- Portion of superficial protoplasmic rtaiculation fnnned 
l)y ramification of an extension a of central mass. fMa^rnitiefi 
1,000 diameters.) 


alimit .(j-(,-yths of an incli in diameter, leaving clea)- colourless 
coiitcuts. among whicli traiispareiit oval ccapu.vclc.s mav u-suallv he 
detected. This, from tlie changes it undergoes in connection witli 
Tlie reprcHliictivc process, must Ite reg-arded as a nackm. 

'Idu* particles of food drawn into the mouth (j^robablv bv llm 
viijrations of the (lagellum) seem to be ivceived into tlie protiiplas- 
iiiic mass at the bottom of the (csopliagus hy e.xtensioiis (vf it.s ,sub- 
stiincc. wliicli inclose them in filmy ent'chqies that maintain thein- 
M'h’es as distinct from tiie surrounding protojilasm, and tints consti- 
tute c.xtempoi'ised digestive vt'sicle.s. These ^•e.^^iclcs .soon find their 
lyay intit the radiating extensions of the ceiiti'al lua.ss (as shown in 
%. ;'87, B), and are eiisiieathcd by the protopla.smic sniistance which 
got'.s (iii to form the peripheral network (fig. oHD). Their number 
and position are alike variable; sometimes only one or two are to 
■>e distinguished ; more commonly from four to eight can be seen; 
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Mild even twelve or more lire ocoasioiuilly discoruihle. Tlie 
eaeli in the IkmIv is constantly being changed by the contraclinus 
tlu> [irotoplasmic substance, these in the first place carrying it fVoiu 
tlie centre towards the periphery of the body, and then carrying it 
b:uh to the central mass, into whose substance it seems tn 1,,. 
fused as s(X)ii as it has discharged any indigestible material it 
have contiiined, which is got rid of through the mouth. E\ci y 
(>f the protoplasmic reticulation is in a state of incessant ( liangi, 
which serves to distribute the nutrient material that finds its 
into it through the walls of the digestive vesicles; but no icgnLV 
ci/dosis (like that of plants) can be observed in it. • Besides the 
'digestive vesicles,’ vacuoles filled with clear iluid may be distui- 
liiiislied, alike in the central proto [ila sink* mass, and in its extensions 
as is sliowii in the centre of fig. 587. There is no contractile vrsicle, 
The peculiar 'tentacle ’ of Xoctiluca is a flattened w'hi])-like fil;,. 
meiit, gradually tapering from its base to its extremity, tin- twn 
Battened faces being directed respectively towanls and away fnim 
tlt<‘ oral aperture. Wlien either of its flattened faces is i‘xaiiiiiicil,iT 



Fig. TiBD.- -Piiii’of digestive vesicles oilsoriihica lying in course of extcji- 
siou of centra,! jirntoplasinic mass, <i, to form )>eriphen\l retieiilatioi!, 
h, and containing remains of Algie, (Magnified 4S0 diameters.) 


shows an alternation of light and dark spaces, in every res])err 
resembling those of striated muscular fibre, except tliat, tlie clear 
Spaces are not subdivided. But when looked at in profile, it is seen 
that between the stitated band and the aljoral sui face is a layer at 
•u-aniilar protoplasm. The tentacle slowly bends over towards tie- 
mouth about five times in a minute, and straightens itself .still imue 
slowiv, the middle portion rising fii'st, while the point aiproa(lie> 
the base, so as to form a sort of loop, which presently .straigliteiis. 
It seems probalde that the contraction of the substance foriuiiig the 
dark bands produces the bending of the filament; whilst, wliea 
This relaxes, the filament is straightened again by the ela.sticity ut 

the granvdar layer, ^ i - 

The extreme transparence ^^ocido.ca renders it a ])iirtK’iiiai ) 
fa vourable subiect for the study of the phenomena of pla>spli(>resccncc^ 
When the surface of the sea is rendered luminous by the geaend 
dift\isi«m of Nocitlucce, they may be obtained by the tow-net in un- 
limited quantities ; and when transferred into a jar of scn-w:itvr. 
they soon rise to the surface, where they form a thick stratum . 
slicditest ac^itatioii of the jar in tlie dark causes an imstaiit einissKinei 
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tln'iv wliicli is of 11 gn-eenisii tint, ami is vivid enoiigli 

lie perceptible by ordinary lamp-light. Tins Inininosity is lait of 
•111 instant's fliivatioii, and a short rest is nvpiired for its renewal. A 
lirilliaut but short-lived display of hnniiiosity, to be followed by its 
total cessj\tion, may be produced l>y elect l ic or chemical stimul.ation. 
Professor Alhiiaii found the addition of a drop of alcohol to the water 
(•outaiiiing specimens of Xoctilirca, on the stage of the microscope, 
j, roil need a luminosity strong emmgh to he visible under a half- inch 
(ihjective, lasting with full intensity for several seconds, and then 
gradually disappearing. Ho was thus aide to satisfy himself that 
the special .seat of the phospheu'escenco is the peripheivd protophismit* 
ivticulation which lines the external structureless membrane. 

Tlie reiaoduction in this i 11 tei-e, sting type i.s effected in various 
ways. According to Cienkowsky. even a small portion of the proto- 
plasm of a inutiliited ocii/accf will (us jiinong Thiznjxid.") l ejO’odnce 
the entire aniinah ^lulti plication by fission" or binary ^ulidi vision, 
heginiiingin the enlargement, con.striction.andscpanit'nm of the two 
halves of the nucleus, lias been frecjuently observed. Airitbev form 
of iioii-sexnal reproduction, which seeius |)arallel .to the ' swarming ' 
of many protophytes, commences i»y ;i kind of encvstiiiir process. 
The tentacle and flagellum disappear, and the moutli gj-aduallv 
narrows, and at last cln.ses up ; the meridional groove also disappears, 
so that the animal becomes a closed Imllow sphena The nucleus 
(‘loiigates. and becomes transversely constricted, and its two halves 
sejiarate. each remaining (“onneeted witli n }mrtiou of the ]u-otoj)lasmic 
network. This dujdicative sulxlivision i.s re]>eate(l over and over 
again, until as many as .512 ‘ gemniules ’ are formed, each cimsisting 
of a nuclear particle enveloped by a jirotoplasmic layer, and each 
li.aviiig its flagellum. The entire aggi'egate foians u. disedike mass 
pi-ojecting fwiii the surface of the sphere ; and this mass sometimes 
detaches itsell as a w'hole, subse({ueiitly i>reaking upiiitoin*lividuals; 
whilst, more commonly, tlie. gemmule.s detach themselves one hy one, 
the separation heginiiing at the margin of the disc, on id ]u-ocee<liug 
towanls its centre. The gemmules are at first closed monadiforni 
sfdieres, each having a nucleus, eontractile vesicle, and fla.iTellum ; 
the month is subsequently formed, and the tentacle and permanent 
tl^^gellmn afterwards make their apiK^arauce. A proce.ssof * conjuga- 
tion has also been ol>servcd, alike in ordinary Xoctiludf'. and in tlieir 
closed or encysted forms, which .seems to he sexual in its nature, 
mi 0 individuals, appiyhig theii- oral surfaces to each other, adhere 
closely together, and their nuclei become connected bv a bridge of 
pmtojdasiiiic; substance. Tlie tentacles are thrown off. tiie two Ixxlies 
gi'adually coalesce, and the two nuclei fuse into one. The wliole 
piucess o(‘cupie.s about five or sLx haul's, but its results ]ia\a‘ not been 
toilowed out.* 


lii'P ^^^*5 been the subject of numerous memoirs, of which Uie followinsr 

m X iT'f Arch j\ micro,. Aunt. Bd. vii. 1871, ].. lai, and 

EohiiV r . Adman, QuurL Joimi. Mirro>sc. Sri. n.s. vol xit, 1872, p. 327; 

Phij,ivJ. tom. xiv. 1878, p. 58G; Vign.'^l, ArWe, dr 
d' 415 ; Stein, Oi t/dnifutiKu (k‘r JtifusUmsthierc, 
ivlilcii BiiUchh, Mvrphol. Jdhrbur/i. 1S85, p. 52^. For the group of 

Haecket 'n ^ ‘ Itiditerraueaii genus Lcptodifirit, ( TIevtwig) are the representatives, 

ha. suggested the name Cputojicujdhfo. 
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The name Cilio-fmjdlata and the definition of the groi^i 
botli be altered, now that KleKs and Biitschli have shown th;it ^vliat 
was regarded as cilia in the transverse gi'ooves of their 
really a flagellum ; the name to be used is DhiofiugeUata} y. 
though this group does not contain any great diveisity of forms, vi^t ir 
is specially worthy of notice, not only on account of the occasmuj^l 
apjK'arance of some of them in extraordinai-y multitudes, but also fi,] 
their power of forming cellulose— a property which is often ihoni^lit 
to lie particularly characteristic of plants. The Ferldinimn nhscvv,.,! 
by Professor Allman in 1854 i\'as present in such <juantitiex tint 
it iinpai-ted a hi'OWTi colour to the watei- of some of tlie large pond;; 
in Pluenix Park, Dublin, this colour being sometimes unifoi-mlv 
difiiised, and sometimes showing itself more deeply in dense eloiKh, 
varying in extent from a few s([uare yards to upwards of a 1 mini nil. 
The animal {fig. 500, A. B) has a form approaching the spliciiojl. 
with a diameter of fi-oni iTrinyf^^ i^ich. juid I> 

paitially divitled into two hemis[»heres l)y a deep equatorial fuiroM. 
cf , whilst the flagelhim-bearingheniisphere, A, has a deep meridioiml 
groove on one side, h, extending froiii the e(}natorial groove to tW 
pole, the flagellum taking its origin from the liottoni of this vortical 



FiC;. i)S)0. -Feridluium ubcniniuni : A, B, front and back views: 
C, eucysletl stage ; D, duplicative subdivision. 


groove, near its junction with the equatorial. The inemhcis of tliis 
groiqt vary consideinhly in their inode of taking food ; from the 
researches of Bergh it woukl ajipea.r that those which are provided 
with chromato[)] lores ha ve a plant-like mode of obtaining food, while 
those which are without chrumato[)hores are truly animal in theiv 
method of alimeutatitin. A ‘ contiactile vesicle’ lias been rarelv 
(ihserved ; hnt a large nucleus, sometimes oval and sonietime.s iiorsc- 
shoe-shaped, seems alway.s present. The JWulinia multiply by 
transverse fission (fig. 590, D), which couiinences in the sublivisioii 
of the nucleus, and then shows itself externally in a constriction of 
the ungrooved hemispdierc, [lai'allel to the equatorial furrow. They 
pa>.s Into a quie.sceiit condition, subsiding towards the bottom of the 
water, and the loiicated forms ap|)ear to throw ofl' their einelopcs. 
There is reason to believe that conjugation obtains in certain cases: 
(fknodinium ciiiciaia has been observed Jiy Professor Askenasy to 
copulate, but the development of the zygote, as the piroduet of copu 
lation may be called, has not yet })eeii worked out. Some of the 
Feridinla are found in sea -water,- Imt the most remarkable nuinnr 

• Or, more correctly, D>)io»insti(joplr(iy(t. 

■ See F. Scliiitt, ‘ Die- Peridinceu der Fhoikton E.qxdiiioii,’ Firfchii. Fhiiiliioi: 
Exped. 1535. 170 pp. luul 127 pis. 
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tonus of the cilio- flagellate gi’oup belong to the genus Cemtinm (fig. 
'(il l), hi which the cuirass extends itself into long homy appendages. 
Ill the Ceratiu'ii^ tripos (I) there are three of these appendages ; tivo 
of them curved, proceeding froin the anterior portion of the cuiiuss, 
;ind the third, which is straight or nearly so, from its psterior 
jiovtion. They are all more or less jagged or spinous. In Ceratmm 
t'lh'ca (2) the two anterior horns are prolonged straight fonvard.s, 
'one Ilf them being always longer tlian the other ; whilst the pasterior 
is jirnlonged straight backwards. The anterior and posterior iialves 
of tlie cuirass are separated by a ciliated furrow, from one point of 
\\ ])ich the flagellum arises ; ami at the origin of this is a dee]> 



Fi(r. 591.-—!, CemiiuM tnj.ws \ 2, CemHuin fumt. 


ilepressioii into which the flagellum may be completely and suddenly 
witiuli’awm. The Author has found the Ceratitim tripos extremely 
idjundant in Lamlash Bay, An'an, where it constitutes a principal 
j'lticlc of the food of the Antedons that inhabit its bottom.^ 

Ciliata. — As it is in this tribe of animalcules that the action of 
die organs termed cilia has the most important connection with 
die vital functions, it seems desirable here to intmluce a more 
jiarticular notice of them. They are always found in connection 
cells, of whose protoplasmic .substance they may l)e considered 
!!!< extensions, endowed in a special degree with its characteristic 
eontnietility. The form of the filaments is usually a little flattened, 

’ ivie Allman in Quart, Microsc. Joum. vol. iii, ISu.i, p. 24 ; IL James-Clark in 
1 ser. iii. vol. xviii. 1R66, p. 429 ; Bergh, MorphoL Jalirbiich. vii. 1S81. 

Mm, and Vanhoffeu, Zool Anzeig, xix. 1896, pp, 138-4. 
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tjqiei'ing gradually from the boi^e to the pint. Their size is ex- 
tremely variable, the largest that have been observeil being aljont 
. tjjth of an inch in lengtli, and the smallest about j 5FCio^^^- ^Vhei) 
in motion each filament appears to Ijend from its root to its jK)int 
retiivniug again io its oi-iginal state, like the stalks of corn \vheii 
depressed by the wind ; and when a nurnlvr are affected ii, 
snecesshm with this motion, the appai"in(;e of progressive wavts 
following one another is produced, as when a cornfield is agitatit) 
hy successive gusts. When the ciliary action is in full activiiv. 
however, little can be distinguished save the whirl of particles la 
the siuTOunding fluid ; but the hack stroke may often he pcrceivcil. 
Avhen the fonrard stroke is made too quickly to be seen, mid tlu. 
re:d direction of the movement is then opposite to the apparent. In 
this back stroke, when made slowly enough, a sort of ' feathering ' 
action may lie obseiaed, the tliin edge being made to cleave tlie 



Fi(i. .tny. — A, Kerona mlurus'. a, contractile vesicle; 6, 
luonth ; e, r, animalcules swallowed by the Kerona, after 
having themselves ingested particles of indigo. B, 
rftndatuni : a, contractile vesicles; 

h, mouth. The dotted lines indicate currents. 

liquid which has been struck by the broad surface lu tlie o])p()siti‘ 
direction. J t is only when the rate of movement has coiisiderahlv 
shickened that the sliap and size of the cilia, and the ittanuer in 
which their stroke is made, can be clearly seen. Their action lias 
l>een observed to continue for many hours, or even days, after Ihc 
death of the body at large. As cilia are not confined to animal- 
cules and zoo})]iytes, but give motion to the zoospres of many 
protophytes, ami also clothe the free interaal surfaces of the res]ti- 
ratory and other passages in all the higher animals, including mitu 
(our own experience thus assuring ns that their oetion lake.s place, 
not only without any exercise of v'All, but even without censrio'/s- 
ness), it is clear that to regard animalcules as possessing a ‘ vohuitaiy 
control over the action of their cilia is altogether unscientific. 
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jti the ciliated Infusoria, the differentiation of the sfu-codie sub- 
into ‘ ectosai-c ’ or cell-wall, and ‘ endosarc ’ or cell -contents, 
heomnes very complete, the ecto«irc passe.ssing a uicmbranons 
liiiiiiiess which prevents it from readily yielding to pressure, and 
li!i\ing a definite internal limit, instea<l of gi'aduating insensibly 
|;u< in vliizopods) into the protoplasmic la}^er w'hich lines it. A 
nucleus’ seems always present, being .sometimes ‘parietal’ (or 
ndlieieiit to the interioi- of the ectr)Sin‘c), in other cases lying in the 
midst of the endosarc. In many (Jlliata a distinct ‘cuticle’ oi- 
fj^adati on-layer may be recognised on the surface of the ectosarc; 
:iiid this cuticle, which is studded with regularly arranged markings 
like those of Diatomacese, seems to lx; the representative of the 
(':irap:ice of Arcella &c. a.s of the cellulose coat of protophytes. 
[t is sometimes hardened, so a.s to form a, ‘ shield ’ that pi-otecis 
the body on one side only, or a ‘lorica ’ that completely invests 
it; and there are other cases in which it is so prelonged and 
(loidded upon itself as to form a sheath resembling the ‘ cell ’ of a 
ziiophyte, within which the body of the aniinalcnle lies l(x>sely, l)eing 
;ttt.;iched only by a stalk at the bottom of the case, and being able 
either to project itself freiii the outlet or to retract itself into the 
iiiteiior, In the marine forms knowm as Dktoqjsta^ and in Codondla^ 
(K^scribed by Haeckel, the body is enclosed in a silicious lattice- work 
^llell. usually bell-shaped or helmet-shaped, ^vhich beare so strong 
I! resemblance to the shells of many Hadiolaiia as to be easily mis- 
Takon for them. Tire form of the body is usually much more 
ilcfinite than that of the naked rhizopods, each species having its 
(bai'acteristic sha|)e, which is only clepai-ted from, for the most part, 
wlien the animalcule is subjected to pressui-e fi'om without, or when 
its cavity has been distended by the ingestion of any substance 
iibnve the ordinary size. The cilia and other mobile appendages of 
the body are extensions of the outer layer of the ‘ectosarc’ proper; 
:md this layer, which retains a high degree of vital activity, is some- 
times designated the ‘ cilia-layer.’ Beneath this is a layer in which 
(nr ill certain bands of which) regular, parallel, fine stria? may he 
distiugnislied, and as this striation is also distinguishable in the 
eminent ly contractile foot -stalk of Tori (fig. 593, B) there seems 
good reason to regard it as indicating a special modification of proto- 
jdasmic substance, which resembles muscle in its endowments. 
Hence this is termed the ‘ myophan-Iayer.’ Beneath this, in cer- 
tain species of Infusoria, there is found a thin stratum of condensed 
protoplasm, including minute ‘trichocysts,’ which resemble in 
miiuatuve the ‘ tiiread-cells ’ of zoophytes ; and this, where it 
exists, is known as the ‘ trichocyst -layer.’ The hair-likt' pro- 

cesses of protoplasm may be caused to protrude from the cell 
ly sucli irritation as is effected by the addition of a little iodine to 
tlie^wuterin which the animalcide is living. 

The vibration of ciliaiy filaments, which are eitiier disposed 
‘■dniig the entire margin of the body, as w'ell as iu-ound the oral 

* On the mor^'iliology of the Voi‘ticelliuit> ssee Rutschli, MorphoL Juhrt). 

1‘ DSS. 
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aperture (fig. 593, A, B), or are limited to some one part tif i+ 
which is :\lways in the immediate vicinity of the mouth, stij,’ 
piles the means in this group of Infusoria both for pio-^riv^. 
sion through the water and for drawing alimentary partidtN ii,,,, 
tlie interior of their bodies. In some their vibration is coustiiut. 
whilst in others it is only occasional. The modes of moxfUK-nj 
which infusory animalcules execute by means of these iiistm- 
nients are extremely varied and remarkable. Some propel theju- 
selves dii’ectly forwards, with a velocity which appears, when liighly 
magnified, like that of an arro'w, so that the eye can scarcely fnlLuv 
them ; whilst others tlrag their 
bodies slowly along like a ktcli. 
Some attach themselves hv ohh 
of their long filaments to a fixo<] 
]>oint, and revolve arouTul itwitli 
gi’eat rapidity, whilst otlirr-; 
move by undulations, lca])s. in- 
successive gyu-ation.s: in .slioi-f. 
there i.s scarcely any kind of 
animal movement whicli th('\ 
do not exhibit. But tlieiv art- 
cases in which the locomotivr 
filameuts have a bristle-like firm- 
ness, and, instead of keejmi:: 
themselves in rapid vibration, aiv 
moved (like the spines of Echini) 
hy the contraction of tlie integii 
ment from which they aiisc. iii 
such a rnannei' that the aniiiiai- 
cule crawls by their means over 
a solid surface, as we see es|it- 
cially in Trichoda hpicms 
597, P, Q). In Chilodon iiinl 

^une''\uth "the stalk c-ojitracted ; c’ the X(tssula, again, the mouth is pro- 
same with the bell olosefl ; D, E,F, sue- yjded W’itll a circlet of ]>lica1i(Hi' 
CMy-c stages ot fissiparoiis multiplies- kxjkiTig like Imstk-. 

wdii(di, when imperfectly seen, re- 
ceived the designation of teetli : 
their function, however, is ratliei- that of laying hold of alimen- 
tary particles by their expansion and subse(ptent dra\\ iiig togothi r 
(somewhat after the fashion of the tenhmula of zoophytes) than < ! 
vetliicing them by any kind of niasticat-ory process. Sonic, liki' 
Opaliaa, arc entoparmsitic, and have no mouth ; a form allied tn 
Opalha [Atioplophrya cimdans) lives in the blood of Asdh’^ 
(ifiuaiicus ; other eiitoparasites, such as Trichonympka in the ' vhiti' 
ant,’ still possess their mouth. The curious contraction of the fooT- 
, stalk of the Vortkella (fig. 593), again, is a ULovement of a lUflemn 
nature, being due to the contractility of the tissue lhat occiipic' 
tlie interior of the tubular pedicle. This stalk serves to attach tlir 
Ix^ll-shaped body of the animalcule to some fixed object, such asr 
leaf or stem of duck-weed ; and wdien the animal is in search "t 
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fill 111 . 'vith its cilia in active vibration, tlie st-alk is fully extended. 
If liowever, the animalcule should have drawn to its mouth any 
iKirticlcs too large to be received witliin it, or should be touched by 
Iniv other that happens to be swimming near it, or should be 
•jiUTcd’ by a smart tap on the stage of tbe. microscope, the stalk 
^iiddenlv contracts into a spiral, from which it shortly afterwards 
extends itself again into its previous condition. The central cord, 
to whose coiitiactility this action is due, has been described a,s 
muscular, though not possessing the cha met eii Stic structure of either 
kind of mus(mlar fibre ; it possesses, however, the special irritability 
of muscle, being instantly calle*] into contraction (accoixling to the 
01 >ser rations of Kuhne) by elecrtrical excitation. The only special 
• impre.ssionable ’ organs for the <li7-ection of their actions with the 
jiossession of wlricli Infusoria can be credited are the delicate 
hristle-like bodies which project in some of them from the neighbour- 
hood of the mouth, and in Stentor from various parts of the surface. 
The red sjjots seen in many Infasoria, which have been designate<l 
pyes by Professor Ehvenberg, fj-om tlieir sui)posed correspondence 
with the* pye-spots of Rotifera, i-eally bear a much greater i-e- 
seuiblaiice to the red spots which are so frequently seen among 
pr()toph}de.s. R. Ilertwig, who seems to have .successfully defended 
hiijiself* against the strictures of Professor Vogt, has de-sevibed a 
vorticelHd— having a pigment-spot which 
cannot but be regarded as a rudimentary eye ; Met.schnikofr, who 
thinks that RJnjthropsis is an Acinetan, fou7id a similar form with a 
similar eye Jiear 3Iadeira ; and Harker observed that if light be 
allowed to fall on a jiart only of a colony of Ophridifun rersatile all 
tlie members soon congregate to the illuminated portion. - 

The interior of the body does not always seem to t:onsist of a 
siiiijile undivided cavity wenpied by soft protoplasm ; for the tegu- 
nieiitary layer appeal's in many instances to send prolongations 
iirross it in difterent directions, so as to divide it into cliambers of 
iiregular shape, freely communicating with each otlier, which niay 
}je occupied either by protoplasm, or by particles introduced from with- 
out. The alimentary particles wliich can lie di.stiuguished in the 
interior of the tran.sparent boilies of Infusoria are usually proto- 
phytes of various kinds, either entire or in a fragmentarv state. 
Tlie Diatoiiiaceje .seem to be the oiilinary food of maiw; and the 
iiisohibility of tlieir loricm enables the obseiuer to recognise them 
unmistakably. Sometimes entire Infusoria are observed within the 
Ix^dies of others not much exceeding them in size (fig, 597, B) ; but 
this is only when they have been recently swallowed, since the prey 
speedily undergoes digestion. It would seem as if these creatures 
ilo not feed by any means indiscriminately, since particular kinds of 
them are attracted by particular kinds of aliment; the crushed 
bodies and eggs of Entomostvacn. for example, are .so voraciously 

7 t€i'm ‘organs of sense' implies a fo^sramsyjci'.ii of impressions, with Tvhich 
a ;8 aiffieultto coDr-eivR tliat niiieollular lufusoriacau be encloweil. The eoniiwnent 
I'ells of tnc huraan body do tlieir work witliout tlieinselves knowing it. 

_ ■ Tliesc results are aonfirraed by the observations of E. Fran^iq see Zeiisehr, 
ii-m. Zool Ivi. 189:j, pp. 
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ctmsiinied by the Coleps that its boiiy is sometimes quite alteivd 
sha{)e by tlie distension. This cireuinstaiiee, however, by no meau.s 
pmves that sudi creatures jxissess a sense of taste and a [Ktwer „|’ 
determinate selection ; for many instiiices miglit be cite<l in wliiot 
actions of tlie like apparently conscious natuie are perfornual ^ 
out any sucli guidance. Tlie oixlinary process of feeding, as 
tlm nature and direction of the ciliary cuirents, may be best studied 
by diffusing through the water containing the animalcules a feu 
particles of indigo or carmine. These may 1)6 seen to be cai-vieil liv 
the ciliai'V \ortex into tlie moutli, and their passage may be tiaceil 
for a little distance down a short (usually ciliated) cesopha^us 
There the}' commonly become aggregated together, so as to foiinji 
little [)ellet of nearly glolnilar form ; and tlii,s, when it has attained 
tlie size of the hollow within which it is moulded, seems to receive 
an investment of firm sarc(xlic substance, resembling the ‘ digestive 
vesicles’ of XocUluca, and to be then projected into the softer 
endosarc of the interior of the cell, its place in the oesophagus lioiiig 
occupied by other j>articles subsequently ingested. (This Mnouldiii>'^ 
lioAvevci'. is by no means univeisal, the aggiegations of eolourol 
particle.'- in tlie bodies of Infusoria being often destitute of fiiiv 
i-egulai'itv of form.) A succession of such pellets being tlius intni- 
(luced into the cell-cavity, a kind of circulation is seen to take platv 
in its interior, tho.se that first entered making their way out aftei- 
a time (fii'st yielding nj) their nutritive materials), geneiallv bv ;i 
(listinct anal orifice, but sometimes l)v the moutli. When the 
jiellet.s are tlius moving round the bod}' of the animalcule, two of 
them sometimes appear to become fusc<l together, .so that thty 
obviousl}' cannot have been separated by any firm menihi'auous iu- 
vestment. Tdu^ nuxle of formation of food v'acuoles has lieen carefullv 
.studied b}' Miss (Iveenwooil ^ in Cnrcheshiw whirl) may 

be recommended for the stud}' of the jirocesses of [)rotoz(i;ui 
digestion. When the animalcule has not taken food foi- some tiiiir. 
‘vacuoles.’ or clear spaces, extremely variable both in size and 
number, filled only witli a very transparent fluid, are often seen in 
its prot(>plasiu ; and their lUiid sometimes shows a. tinge of colour, 
wdiich seems to be <lue to l.he sobilion of some of the vegctahle 


chloi‘ 0 [)hyll upon which llie animnlcnle ma}' have fed last. 

Contractile vesicles (fig. 002. o, «), usually about the size of tlir 
‘vacuoles,’ are found, either singly or to the number of from two lt> 
sixteen, in the bodies of most ciliated animalcules; and ina}' l>e seen 
b) execute' rhythmical movements of contraction and dilatation ai 
tolerabl}' regular intervals, being so completel}' ohliterated. when 
emptied' of their contents, as to be (piite iiudistiiiguishable. and 
coming into view again as tliey are refilleil. 'I’liese \'esicles do net 


change their position in the iiulivi<lua], and they are ]>retty 
constant, both as to size mid place, in difterent individuals of the 
same species; hence they are obviously (jiiite different in character 
from the ‘ \ acuoles.' lu 'Par(vtwciinii there are always to be ohscivcd 
two globular vesicles (fig. 092. B. a. a), each of tliem siirvomided hy 


P/nV. Trauii, isn4, B. [iii. iJo.VSS. 
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<,‘Ver:il eloiigfiteJ cavities, arranged in a radiating manner, so 
ns to give to tlie wliole somewhat of a sUir-Iike as|>a(;t. and 
ilie contents are seen to be ]>ropelled from the former into 

rlH- latter, and vice verm. Further, in Hteniur, a comjdicated net- 
work of canals, apparently in connection with the contractile 
\'e>ieles. has been detected in the suhstance of tlie ‘ ectosarc,’ and 
fivires of this may l>e observed in other Infirsoria. Ju some of tlie 
laiiTor animalcules it may be distinctly seen that the contractile 
have fermmimt valvular orifices opening outwards, and that 
., 1 , cxpiilsioii of fluid from the l)ody into the water around it is 
ffierted by their contraction; in some \ orth-ellids the ccmtractile 
ve>icle is connected by a canal with the ‘ vestibule ’ which lies heiieatli 
flif mouth oix^ihng, ami wlien the vesicle contracts the watei- is dri\ en 
into the montli, and so to the exterior. Hence it appeals likely that 
their function is of a respiratory and depuratory nature ; ami that tiiey 
M^rve. like the gill-openings' of fishes, for tlie expulsion of water 
w hieli has been taken in by the mouth, :ui<l which has traversed the 
interior of the body. 

(.)f the reproduction of the ciliated Infusoria our knowleilge 
tlxmgh imperfect has advanced. As has been well wiid by Air. 
Adam Sedgwickd ‘the more recent work of Biitschli and Alaupas 
[lia.s] slims'ii that in their re] )ro<l action the.'^e animals resemble other 
Ihotcizoa; that is to sa}', that the whole ho<ly piu'tiri[)at.es in the 
!v]tn'Miuetive fission, that the ]iarent disappears in the ofts^a-ing, and 
that special conjugfiting cells of the nature of ova and spermatozoa are 
not formed. ALmpa.s2 especial!}-, by following the history of the 
individual resulting from conjugation, 1ms definitely e.stahlislied the 
fmidameutal distinction Ix-tween conjiigaticm and reproduction, and 
lia.s thrown a flood of light U])on the meaning of tlu^ wliole phenoinenou 
of conjugation.’ The best evidence is that of (Iruher, wliich w ill be 
ineutioiied directly. Binary siilxlivisioii w'ould seem to be universal 
among them, and has in many instances been observed (as elsewhere) 
to commence in the nucleus. The du isiun takes place in some sjiecies 
longitudinally, that is, in the direction of thegreatest length of the body 
(fig.;d:)3,D,E, F), in other species transversely (fig. oil/, U. D) ; wliile 


m some, as in Chilodon citcv.llidiis (fig. o9o). it has been sup])Osed tii 
occur in either direction indiftereiitly. But it may fairly be qiiestionol 
wheflier, in this last case, one set of the apparent " fissions ‘ is not 
reidl}- • conjugation ’ of Hvo individuals. Tliis duplication is per- 
formed with such rapidity, under favouralde cireuiusiaiices, timt. 
according to the calculation of Professor Flirenherg. no fewer tiian 
-hH utlliom might he produced in a month hv the repeated sub- 
divisions of a single Parameemm, AVhen this fission occurs in 
f orticdla (fig. 093), it extends down the stalk, which thus becomes 
<loiihle for a greater oi- less |xirt of its length ; ami thus a Avhole 
hunch of these animalcules may spring (by a repetition of the same 
pruce.ss) from one base. In some members of the same fiimily 
arhovesceiit .stnu'tures arc produced resembling that of Codosuja 


j J^tiutciit's Texfhool- of Zoolocjtj,, 1898, p. 2fl, 

>eH particularly his memoirs, iii vols. vi. and vii, nf the second sei'i(‘S of the Arch. 
/W. hxinu\ 1888-!!. 
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(fig. 586 ) bv tlio like process of continuous subdivision. 
curious re^iilt of this mode of multiplication presents it^.H’ 
the fiunily Ophrjfdhia, masses of individuals which separately reM inl,],. 
certain yorticellina being found imbedded in a gelatinous subs(;i»icv of 
ii gi-eenish colour, sometimes adherent and sometimes fi-ee. '1’]^.^,. 
masses, which may attain the diameter of four or five inches, pi esem 
such a strong general resemblance to a mass of Nostoc, or even ol fitiifV 
spawn, as to have been mistaken for such ; but they simply i-osiilt fr(u,i 
the fact that the multitude of individuals produced by a repetiliuii df 
the process of self-division remain connected with each other fm a 
time bv a gelatinous exudation from the surface of their Ixiiiics. 
instead of at once becoming completely isolated. From a comparison of 
the dimensions of the individual Ophryda, each of which is about jh. 
of ail inch in length, with those of the composite masses, some estimate 

3 may be formed of tV 




number included in 
the latter; for a 
cubic inch wonlil con- 
tain nearly elyld j«,7- 
Zwn^of themifcloselv 
jvicked ; and maiiv 
times that niniilii-v 
must exist in ilii^ 
larger masses, e\eii 
making allowance fi li- 
the fact that tile 
lx)dies of tlie aniiiial- 
eules are sepavateil 
from each otlier 


Fio. ■■)«>], -Reproduction of Jn/«6'oW(t. their gelatinous 


cushion, and tint 


the masses have their central portions occupied by water niilv. 
Hence we have, in such clustei*s, a distinct proof of the extra- 
ordinarv extent to w’hich multiplication by duplicative subdivision 
may proceed without the interposition of any oilier operation, 
These animalcules, however, free themselves at times from tlicii- 
gelatinons bed, and have Ixien observed to undergo an Amevstin^' 
process ’ corresponding wdth tliat of the VoHicdli'iui. The cliej!iif-;il 
composition of this jelly or /oocytium has been investigated I'V 
Halliburton, wdio finds that it resembles vegetable cellulose in it- 
general prnjierties, but ditfers from it and agi-ees with the form ot 
cellulose manufactured l)y the Tunicata in being less easily c< newt i*‘l 


into sugar. 

Many, perhaps all, ciliated Infusoi'ia at certain times imdeigo an 
f nepsthiy proem, resembling the }tas, sage of protophytes into the 
condition, and apparently serving like it as a provision tor their pie- 
servation under circumstances which do not permit tlie continuant 
of their ordinary vital activity. Previously to the formation ot 1 
cyst, the niox*enients of the animalcule diminish in vigour, aii' 
gradually cease altogether; its form becomes more roumled. 
oral npcu'ture closes; and its cilia or other filamentous proloima- 
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are either hist or retracted, as k well eeen in VoHicdh 
(llir. 596, A). A new wreath of cilia, however, k developed near 
the baj^e, and in this condition the animal detaches itself from iis 


i. « 0 D E F 



Fig. 595.— Fisfiipamus multiplication of Chilodon nu ulhiluf;: A, 
B, C, Kuceessive stages of longitudinal fission (?) ; Bj E, E, succes- 
sive stages of transverse fission. 


stem and .swims freely for a shoi-t time, soon pa.s.'^in^^. liowever, into 
tlio 'stiir condition. The surface of the body then exudes a gela- 
tinous excretion that hardens around it so as to foi-m a complete 
cotlin-Iike case, within which little of the original structure of the 
aiiiitial can be distinguished. Even after the completion of the cyst, 
however, the contained 

jiiiiiiialcule may often ^ c 

he observeil to move 
freely ’within it, and 
may sometimes l)e c 
caused to come foith 
rroiii its prison by tlie 
iiKue application of 
warmth and moistui-e. 

Til the simplest form of 
tlie ‘encysting jirocess,’ 
iiuleed, the a-nimalcule 
seems to remain alto- 
gether quiescent through 
the whole period of its 

torpidity j so that, how* 596. — Encysting process in Voii'nrVa 

ever long may be the 
diiiation i:)f its imprison- 
<oent, it emerges with- 
out any essential change 
in it.sform or condition. 

Hut in other eases this 
jnxice.'^s seems to be snl)- 
servient either to multi- 
])tication or to meiamorpliosis. For in VorticeUa the substance 

<>i the encysted body (E) appeai-s to break up (C, 1)) into eight 
or nine segments, wliicli, when set free Viy the i)iir.sting of the 
cyst, conie foith as .s^iontaneously moving spherule.'^. Each of tliese 
^oon increases in size, develojis a ciliary wreath within wliiehamouth 



Ntovui : A, full-grown individual in its encvstfid 
state; a, retracted oval circlet of cilia; b, nucleus; 
c, contractile vesicle ; B, a cyst separated from its 
stalk; C, the same more advanced, the nnehms 
broken up into spore-like globules; D, the same 
more developed, the original body of the yorticella, 
f?, having become sacculated, and containing many 
clear spaces ; at E, one of the sacculations liaving 
burst through the enveloping cyst, a gelatinous 
mass, f, containing the genunules is discharged. 
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lualces its a]>pearixiice, and gradually fussumes the form of the 7V;,7„, 
dh<a yrandiuella of Ehreiiberg. It then develops a posterior \vi( jit} 
of cilia and multiplies by transvei-se fission ; each hidf fixes itself l,v 
the end on which the mouth is situated, a short stem becomes il,! 
veloped, and the cilia-wreath disappears. A new moutli und { 
wreath then form at the free extremity, and the gi-owth of the .vte'm 
eompletas the development into the true vortieellan form,' 
Ti'ichoda hjnccKs^ again, the ^ encysting process ’ ap[)eai*s subservient 
to a like kind of metamorphosis, the foim which emerges from tin- 
(yst diffeviiig in many respects from that of the animalcule whieli 
became encysted. According to M. Jules Haime, by whom tU 
history was very carefully .studied,*'^ the form to he considered ns tL,. 
larval one is th^t shown in fig. 597, A, E, which lias been dos(‘ii],H,| 
by Pinfessor Ehreiiberg under the name of Ox^/tricha. This possesst^ 
a long, narrow, flatteiied lx)dv, furnished with cilia along tliegveatei 
part of both margins, and having also at its two extremities a .vet rif 
larger and stronger hair-iike filaments ; and its mouth, which isnii 
oblhpie slit on tlie right-hand side of its foi'e-part, has a friuifc ui' 
minute cilia on each lip. Through this iiioiitli large particles:! re net 
iinfrequently .swallowed, which are seen lying in tlie midst of tin- 
endosarc without any siu rounding vesicle ; and somothiies even ttu 
animalcule of the .same species, but in a <liffeient stage of its life, is 
seen in the interior of one of the.se voracious little devoiirers (B). Ih 
this phase of its existence the Trichoda undergoes multiplication li\ 
transverse fission, after the ordinary mode (0, D) ; and it is usiiallv 
one of the short- l)odied ‘ doubles ’ (E) thus produced that ]Ki>se> 
into the next pha.se. This phase consists in the assiunptio}! of tlie 
globular form and the almost entire loss of the locoinoti\ e appeixl- 
ages (F) ; in the escape of successive portions of the granular proto- 
plasm, so that ‘ vacuoles ’ make their appearance (G); and it: tlie 
foi'ination of a gelatinous envelope or cyst, which, at first soft, 
aftecwai'ds acopiiies increased firmne.ss (H). After remaining fin 
some time in this condition, the contents of the cyst become clearly 
separated from tlieir envelope ; and a space appears on one side, in 
wdiicli ciliary movement can be distinguished (I). This .S[iuo' 
gradually extends all round, and a fuither discharge of gi*amil;n’ 
mattei- takes place from the cyst, by which its form becoiiies altered 
(K) ; and the distincthui Ijctwecn the newly foiiaed Iwdy to wiiich 
the cilia belong and the effete residue of the old becomes more and 
more apparent (L). The former increases in size, whilst the latti-f 
diminishes; and at last the former makes its escajx? through an 
a[>ertnre in the wall of the cyst, a part of the latter still romaiiiiti^ 
within its c<i\ ity (31). The i)ady thus discharged (X) does not diftn 
much in appearance from that of the Oxytrieha before its encyst - 
uient (F), though of only about two- thirds its diameter; but it siwm 
develops itself (0, P, Q) into an animalcule very difterent fmin 
th:»t in which it originated. First it becomes still smaller 1)V tlif 
discharge of a portion of its suhstauce ; numerous very stilt In istk 

^ Everts, l')itcrs>trhun(jen roi FojYiccha quoted by Professor Ailmau, 

loc. cit, 

’ AHiidU'H (h'H S<:i.2>at. ser, iii. tome xix, 1853, p. 109, 
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]iki‘ oiffiuis are developed, on which the animalcule creejw, as l)y 
over solid surfaces; the external integument liecomes more 
(.(iiisiilidated on its upper suiface, so as to heeoiiie a kind of eara- 
iiice: a mouth is formed by the opening of a slit on one side. 

i!i front of wdiich is a single hair-like flagellum, wliich tm-ns roinul 
.j,„j round with gi'eat rapidity, so as to describe a sort of inverte<l 
wdierehy a current is brought towards the mouth. This latter 
f.irin had been described by Professor Ehrenborg under the name of 
[spklifsccL It is very much smaller than the larva, the difference 
i.M'lui;. in fict, twice as great as that which exists between A and 



Fi(i. rj!l7, -Metamorphoses of Trlrho/la Ji/unmii : A, larva (Oj iprirha) ; B, a 
similar larva after swallowing the aniaialonle represented at M ; C, a very 
large individual on the point of undergoing fission ; D, another in whieli 
the process has advanced further; K, one of the products of such fission; 

F, the same body become spherical and motion! ees ; O, !ibi>ect of this 
sphere fifteen days afterwards; H, later condition of the saine, showing the 
formation of the cyst; 1, incipient separation between living substance 
and exuvial matter ; K, partial discharge of the latter, with flattening of 
the sjdiere ; L, more distinct formation of the confined animal : M, its 
escaite from the cyst ; N, its appearance some days afterwards ; 0, more 
advanced stage of the same; P, Q, perfect .Upidiiscce, one as seen side- 
ways, moving on its bristles, the other as seen from below (magnified 
twice as much as the preceding figures). 

P, (tig, 597), since the lust ttvo figures are drawn under a mugni- 
tyiiig power double that employed for the preceding. How the 
'in its turn gives origin to the ih'j/tj'wha-form 
lias not. y^t been matle out, A similar ‘encysting process’ has 
bi^en ol)spvved to take place among several other forms of ciliated 
lutusoria ; so that, considerm|; the strong general resemblance 
ill kind and degree of organisation which prevails throughout the 
gi'oup, it does not seem unlikely that it may occur at some stage of 
flu* lite of nearly all these animalcules. And it i.s not improbably 
lu the • encysted ’ condition that tlieir dispersion chiefly fakes ^ilace, 
since they have been found to endure desiccation in tliis state, 
idtliough in their ordinary condition of activity they cannot be dried 
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Up without los-s of life. When this cii'cumstuiice is toki u 
account, in conjunction with the extraordinary rapidity of JimltiTir* 
cation of these animalcules, there seems no difficulty in accoimtit^,, 
for the universality of their diffusion. It may be stated as a 
fact that wherever decaying organic matter exists in a liquitl 
and is exposed to air and warmth, it speedily becomes peoplcil with 
some or other of these minute inhabitants; and it may l)e 
presumed that, as in the case of the Fungi, the dried cysts or ijerms 
of Infusoria are e. very where floating alx)ut in the air, ready to le 
velop themselves wherever the appropriate conditions are pi-escntf (] • 
but mu.st leinember that but few definite f)bservatioiis 
been imvde as to the length of time these cysts will survive desiccuticnr 
at present, the observations of Nussbaimi and Maupas make the 
limit less than two years. 

{Irul>er li-as recently i-eiuN estigated the process of conjiii,^;itioii in 
tlie I nfusoi'ia : lie finds that the nucleolus of e;u;li becomes a striated 
spindle, and ap]n'oaches tlie nucleolus of the other cell; the two 
toucli and finally fuse, thereb}^ effecting an inteiinixture of 11»e 
diftei'ent genu- plasmas. If this Ije the correct inauiier of interpret- 
ing the phenomenon, it is clearly comparable to the s(‘Xu:il reproduc- 
tion of multicellular animals. 

There can be no doubt as to the occurrence of ‘conjugation' 
among ciliated Infusoiia; and this not only in the free-swiinminj^. 
but also ill the attached forms, as Stentw (fig. 594, :t). In 
VoHicella^ according to several recent ob.seiTers, what lias ln-en 
regarded as (jehimiparous multiplication- the putting forf.h of n biitl 
fium the base of the bo<lv — is really the conjugation of ,0 snudi 
individual in the free-swimming stage with a fully devplo])ed fixed 
individual (microgamote) with whose body its own becomes fused. 
But it is doulitful whether such conjugation has any reference to thi' 
encysting pi'oeess. According to Biitschli and Engplmanii, tlie con 
jugating I iixK'ess results in the breaking up of the nucleus .and (.'^o 
called) nucleolus of the conjugating individuals ; these indii iiluab 
.sejiai'ate again, and after the expulsion of the liroken-up unclear 
structures the characteristic nucleus and nucleolus are re-formed. 
There is .still mncli nncertainty in regard to the embryonic foniisof 
ciliate Infusoria, some eminent obsev%Trs asserting that lie* 
‘ geimnnle ’ in the fii>;t instance, besides forming a cilia-wreatli, put> 
forth suctorial a|)pendages (tig. 594, l, A, B, (J), by means of wliicli 
it imbibes nourishment until the formation of its mouth peniiit.s itti) 
obtain its .supplies in the ordinary way ; whilst others maintain tlie.<r 
aciiietiform bodies to be parasites, which even imbed theiusehes in 
the substance of the Infusoria they infest.' 

It is obvious that no classification of Infusoria can be of anv 
permanent value until it shall have been aseertaineil by the stud} 
of their entire life -history what are to be accounted really distinct 


^ There can be 110 doubt that Stein was wron^' in his original doctrine 
fully developed are only trasisition stages in the development of i-orr.- 

cednid and other ciliated Infusoria, Rut the balance nf evidence seems to^tlie nnter 
to be in fa\ our of liis later statement, that tlie bodies figured iu fig, b 
really iufusoriKii embryos, and not parasitic Acinetie. 
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f>)i !us. An<i the diffevences between them, consisting chiefly in the 
Jp of their bodies, the disposition of their cilia, tiie piossession of 
i.ti.t-i locomotive appendages, the position of the mouth, the p>vesencc 
',f a distinct anal orifice, and the like, are mattei*s of such trivkl 
iiiiimi'tauceaseompai-eil with those leading features of their structure 
.,iid [hysiology on which we have been dwelling that it does not 
Mviii desii-able to attempt in this place to give any detailed aceount 

them. The life-history of the cUiate, Infusoria is a subject 
Hii -eminently worthy of the attention of microscojusts, who can 
H-o'celv be tetter emjjloyed than in tracing out the secpience of its 
nheiiomena with similar care and assiduity to that dispdaycd by 
liK ssrs. Dallinger and Drysdale in the study of the Monmlina. ‘ In 
imiMiing our researches,' say these excellent oltservers. 'we have 
Ut'come practically convinced of w^hat w^e have theoretically assumed 
_tlie absolute necessity for prolonged and pjatient ohservation of 
the same forms. Coiiijietent optical means, careful interjjreta- 
ridii. close ol)servation, and time are alone capalde of solving the 
jiroblem. 

Suctoria. — The, suctorial Infusoria constitute a welhuuirked 
oroup, all belonging to one family, Acineiina, tlie imture <tf which 
fi;is been until recently much misundei-stood, chiefly on account of 
till' parasitism of their habit. They may be regardeil as a siib-class 
itf the Infusoria, and be known as the Aeinetaria. Like the 
typical Mo7}(idma, they are closed cells, each having its nucleus and 
cuutractile vesicle ; but instead of freely swimming through the W'ater, 
thrv attach themselves by flexible peduncles, sometimes to the stems of 
Voi tlceUhue, but also to filamentous Alg*, stems of zbopflivtes, or to the 
i (0( lies of larger a nima Is. Their uutrii 1 lei it is obtained througl 1 delicate 
tniinlar extensions of the ectosarc, which act as suctorial tentacles 
(fig of) 8 ), the free extremity of each teing dilated into a little 
knub. which flattens out into a button-like disc when it is applied 
to a f(KHl -particle. Free -swimming Infusoria are captured 1)V tliese 
organs, of which .several tpiickly bend over towards the one whicli 
was at first touched, so lus firmly to secure the prey ; and w hen 
several have thns attached themselves, the movements of the 
imprisoned animal become feebler, and at last cea.se altogetlier. its 
liody lieing drawn nearer to that of its captor. Instead, lume\er, 
of being received iiitAi its interior like the prey of AciinopJiri/s, ihe 
captured animalcule remains on the outside, Imt yields up its .soft 
Milistaiice to the suctorial po\vei' of its victor. As sckui as tlie suck- 
ing .lisc has worked its way through the envelope of the tedv to 
wliicli it, has attached itself, a very rapid stream, imlicated )»y the 
graimle.s it carries, sets along the tube, and pxmvs itself iiili) the 
interior of the Acinetarhoily. Solid particles are not received through 
these suctorial tentacles, .so that the Acinetina cannot be fed with 
luiligo or carmine; hut, so far as can be ascertained by observation 
‘>t whne goes on within their bodies, there is a general protojilasmic 
r.vcAisw without tlie formation of any special Lligestive vesicles.' 

■m better known forms of this group are ranked under the two genera 
Aciitelfi. and Podophuja, which are chiefly distinguisheil iy the 
presence of a fli-in envelope or lorka in the former, wdiile the' Inxly 
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of the latter is naked. Tu one curious form, the Ophry(Hhnih'(,o tl 
suckers arc htmne in a bnisli-like expansion on a ion» ivtrjHt'r 
proboscis-like organ ; and the rare whose saze is <*0 ' 

)>aratively gigantic, forms by continuous gemmation an aibojesr^r 
■colony,* of which the individual members remain in iutiij"' 
connection with one another. '* ^ 

Multiplication in this group seems ow'nsionally to take pl.-np }j. 
f:raus\erse fission, but this is rare in the adult state. 8oiir 
times external gemmm are developed by a sort of pincliing off 
pju-t of the free end of the body, w-hich includes a })oi-tiou <»t‘ tin 
nucleus ; tlie tentacnla of this bud disappear, but its sm-faro lie*^ 



Fig. 598.— fSacfonYd Infusoria: 1, Conjugation of Poihphrija' 
(juadripartita] 2, formation of embrj'os by enlargement and sub- 
division of the nucleus ; 3, ordinary form of the same ; 4, Fodo- 
phri/a clongata. 


comes clothed with cilia; and, after a short time, it <lctaclics itsi-lt“ 
.and .swims away — comporting itself subsequently like the internal 
embryos, wliose production seems the more ordinary metboil of 
propagation in this type. These originate in the breaking up of 
file nucleus into several segments, each of wliich incloses itself in 
a, iu'otopla.smic envelope; and this becomes clothed witli cilia, by 
the vilwations of wdiich the embryos are put in motion within tlie 
body of the parent (fig. 598, 2 ), from whicli they afterwards escape 
by its rupture. In thi.s condition (a) they swim about freely, and 
seem j<lentical with what has been described by Ehrcnberg as a 

1 Now f.alU’d, iiftor Riitschli, Tokophrija,on aeconiit of its mode of reproduction; 
eee l;is Prvtu.toa, p. 1928. 
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>l,vniK't generic form, Megatricha. Ami, ivceonUiig to tlie observii- 
of "Mr. Badcock/ these Megairicha-^ovmi^ iiuiltiply freely by 
M'iU(livi.''ion. After a sliort time, however, they settle down npcm 
ritmieiitous AlgiC or other supports, lose their cilia, put forth suctorial 
trnT:K'los (wiiich seem to shoot out suddejily in the first instance 
luit are afterwards slowly retmcted and protruded w’ith a kind of 
.-jiiral movement), and assume a variety of amocbifona slaipes (fig. 
.'dHt. 1. 2 , 3), some of them corresixmding to that of the genus 
yv,v/f0y^/<ry«-. In this stage they become quiescent at the approach 
„r wiiUrr. the suctorial tentacles and the contractile vesicles <li.s- 
;,j,j tearing; they do not, iHuvever, seem to acquire any special 
envelope, remining as clear, motioiLles,s, protoplasmic partich‘S. 
but witli the return of warmth their development recommences. ;i 



Fill. jOy. — Immature [ormsol PodDphi'ifiKjtittdnpftiii'tri : 1, Anm*- 
hoid state {Trirhophri/a of CU]iaVL‘cU' and Lacliinaini) ; 2, llit 
siiine more; advaneed ; 3, incipient division into lobes. 


Ibotslalk is formed, and they gra<lually assume the cliaracteri.'^iic 
fni'ia of Podophrifa fjmdripaHita. A reg\ilar * conjugate m ’ has hccii 
nliscrved in this type, the hex I v of one individual bending down so 
as to apply its free surface to the corresponding pai't <,)f another, 
with which it bccojiie.s fused (fig. 598 , 1) ; hut whetlicr this alwavs 
precedes the ])roduct imi of inteiaial emliryos. or Is any way prepara- 
riivy to propagation, lias not yet lieeii ascertained.- 


’ Joiini. fi/ Ifttj/. Microar, Soc. vol. iii. ISSO, p. •'jUij, 

■ Tlie Ai ineiiii(t were described both by Eluviiberg and Dnjardin ; but the iirst 
tall aceoinit of llieir ^wculiar organisatiou was given by 8teiu in liis Orfininsums iirr 
hit<i>ituiinthinrhm. Misled, however, by their jiarasitic habits, Stein originally sub- 
l'"sc(l them not to he independent types, but to bo merely transitional stages in the 
dcv(‘l()jmieiit of VarfircUuKC and other ciliate Infusoria; this dta-trine he long 
once ahandoiTwl. Much information as to this group will also be found in the 
besmUful itrinh'.s .sio- /cs htfutsoircs ct lea lihk'ojiodea ol MM. Cbipaivde autl Ijaeli- 
iiuim, (bmeva, 18r,«-61, 
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Section IL— Rotipera, or Wheel-animalcules. 

We now come to that higher ^oup of aiiiniiilcules 
]XRnt of complexity of organisation, is as far removed from tlie I'n-a* 
ceding as mosses are from the simplest protophyte.s, the ouly pni,]f 
of real resemblance l>etween the two groups, in fact, lieiii" 
minuteness of size which is common to both. A few species of pj,, 
wheel-animalcules are marine, or the inhabitants of bi‘acki>li poap 
near the seashore. ; Dr. E. v. Daday, who has made a .studv of t]i,. 


A B 



Flo. GOO. — liof ifer nih/aris, \\.'r^ meeii at B, ivitli the wlieels drawn in, and 
at A with the wheels expanded : h, eye-spots ; r, wlieels ; d, auteiiiia : 

jaws and teeth ; /, aliiiientaiy canal (j, cellnlar mass iiidosin<r it; 
h, longitudinal muscles; i, /, tubes water-vascular system ;7i', 
young animal ; /, cloaca. 


Kotifeju of tlie Bay of Naples, stated that in 1891. oO species wviv 
known from the Baltic, 13 from the iMediterraneait, 8 fr'in 
elsewhere, but 32 of these occur also in fresh water. The vast 
majority known to us belong, t lie refer e, to fresh water, and arc to I'c 
found in ditches, ponds, reservoirs, lake.s, and slowly runiiing .streams 
— .scunetimes attached to the loaves and .stems of water plains, .some- 
times creeping on Alga\ on which some are parasitic. ’ stuiuAimes 

I Compare particularly the interesting observations of Prof. W. 'Rolliert ni vw.J^• 
189G, of the Zuoloy. Jithrblirficr (Abtli, Systeniat), pp. G72-71U. 
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.^viinining freely thmiigli^ the water. They are met with also in 
H utters on tlie house-top, in water-butts, on wet mos.s, grass, and 
liver-worts, in the iivterioi* of / olvox (jlohc(itop and VdHchci'ifx. in vege- 
tuUle infusions, on the btmks 0 ^ Entonwstrmi. in the ^•iscel■a of shw, 
nirth-worms, and yaiadas^ and in the body-cavities of Syn<tpta>—- 
in fact, in almost eveiy place where there are moisture and * fwd. 
Tlie wheel-like organs from which tiie class derives its designation 
ui'c most characteristically seen in the common Rotifer (fig. 600). 
wltere they consist of two disc-like lobes or projections of the Ixxly 
whose margins are fringed with long cilia ; and it is the uniiiterrnpted 
,'uccession of strokes given by these cilia, each I'ow’ of which nearly 
ivtnrns (as it were) into itself, that gives rise by an optical illnsioii 
to the ]iotion of ' wheels.’ The disposition of the cilia varies much 
in the diflferent genera, but it may be said broadly that they are ar- 
ranged so as to fulfil three different purposes, viz., to bring foo<l t('» thr- 
iiKinili, to conduct it tiirough the alimentary canal, and to enable the 
;minud to swim. 

The great transpai-ence of the Rotifera permits their general 
si fucturc to be easifr recognised. They have usually an eloimated 
(ui'iu, similar on the two sides ; but this rai-ely exhibits anv traces of 
>cgmental division. The body is covered with an envelope of two 
layers. The innei- of these is a soft lining to the outer, rs hich ma^■ 
h' soft and fiexihle, or membranous and of veiy varying degi-ees of 
stiffness, oi' even of an indexible substance capable, of resisting the 
action of caustic iwtosli. In this latter condition it is called Vihrica. 
The greater number of the Rotifeiu have an organ of att achment 
at the posterior extremity of the body, which is usually prolonged 
into a tail or false foot, by which they can affix themsedves to anv 
solid oi>ject; and this is their ordinary position when keeping theiV 
■ wheels ’ in action for a .supply of focal or of water; they have no 
difficulty, however, in letting go their hold and moving i lirough the 
water in search of a new attachment, and may therefore bo con- 
sidered as perlectly free.^ The ses.sile species, in their adult stage. 
DU the other hand, i-emain attached by the po.sterior extremity to the 
spot on which they have at first fixed themselves, and their cilia are 
consequently employed for no other purjwse than that of creating 
currents in the .snrrounding'is-hter. In considering the internal struc- 
ture of Rotifera we shall take as its type the arrangement which 
It pmsents in lirmhionus ruheus (fig. 601), a common large and 
irUidsoine aninial, and one that beais the teinporarv captivity of 
fi oumpi'essorium remarkably well. 

lt^ ^^asc-sha]>ea^mumis‘hai-d and tianspareut ; open in front to 
the protruision of the head, and closed behind, exceiffi where a 
Munll a]ievture permits the paxsage of the foot, The anterior 
edge bears six sharp spines, and the \entral edge has a 
I'Hvy outline. The AecaHs shaped like a truncated cone, witl. the 
'Ogei end foi’ward, is roimded at each side, and carries on its front 
Hir ace three profciibeiunces (sp\ covered witli stout vibrating liaii-s 
H ^ of cilia wliich 

f' dips down into either side of a ciliated hnccal 

J ‘uU At the Ixittom of the bnceal funnel is the mmUir (m.r). a 

:1e2 
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inusiMilar >)iilb contiiiuing the jaws or trophi (</). l'l\ese UttA*i an. 
hard, glassy bodies consisting of two luniinierdike pieces caj],,! 
iti-'dln (fig. 802 ) and a third anvil-piece called an imuA. Kadi 
niHlUiis (y/is) is in two parts— the mamihrlimi (Him), or h:iii,iK._ 
iiud the KtH'Hs (a?), of hve finger-like processes, which imiT!. f„ 



Fu>. 001.— mhvn.'i-. sp, styligcrouij promineJavs cvC, corrami 
wveatli; fs, tactile styles; c/, dorsal iiatteniia; a', kleral antemiie ; Un, 
longitudinal muscles; ic, cesophagus; 0 //, ovary; o»n, ovum; g, gm’m; 
f‘t, vibratile tags; >, intestine;/, foot; t, toes; , 7 /?, In-aiii ; eye; w/, 
inastax; ft, tro])lii; gg, gastric glands; .s-, sbnmKdi ; lougitndma 

canals; cr. cniitradile vesicle ; c/, cloaca; .h/, foot-gland. 1 Alier Dr. Hudson. 


form the liuuuner s hend. The imiis {js), or unviL is fm-jned of D'"' 
])r ism '.shaped bodies, uv mini {rs), pointed at, tlieiv tive cm s- 
attached at their broad ends to a thin plate, called nkrim 
wduch, seen veutrallv or domlly, looks like a ro<i I'hese 
parts are conneett^d by nui.scular fibres, ami so acted on l>y '■ 
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to tlu'ias(‘lvoi^, ami to tho hitei-ior of tlia uiastax. that the 
iinoi risr and fail at tho same time that the rauii rmen and shut 
Tlie food is torn by tlm unci, crushed by tlie rami, and tlmn ))ass<;N 
1,, -tween the latter down a short cesopliaynis («) into 1],e stmnJh h) 
Tins hits thick ccllnlar walls, and is lined with cilia, especially at its 
lower third, which is often divided by a. constriction fnau the iipiier 
and is often so different in its shape and contents as to merit 
rlie name of an hUestme {i). The lower end of tlie intestine wne^ 
rally expands into a doam (cl), into which open the duets of tlie 
ornry (o.y), ami contmclile vemle {cv). above the mastav 

and sometimes just below ft, on the msophagus. are what are snp- 
{Kisod to be mlirary/ ((lands; while ttadied to tiie upper (-nd (>f 
file stomach are two (/astric ylamlsn 
(f/_(/). often ixissessing visible ducts. 

There are two furtlier glands [f(j) 
in the foot, which is itself a jirolon- 
giitioii of the ventral portion of tlie 
till Ilk below the aiiei'ture of the cloaca. 

Tlu'se foot-glands secrete a viscid side 
stance whicii is discharged by ducts 
passing to the tijis of the two toes [t) 

:tiid which .serves to attach the animal 
tooue spot ivhen it is using its frontal 
cilia, to procure food. 

Longitudinal muscles [hi) for with - 
ilruwing the head and foot within the 
tiM'ica can be readily seen, and these 
[Kilts are driven out again by the 
pressure of traiisveiise muscular fibres acting on the llnidsoftlie 



On Mther side of the body is a toi-tuoiLs tube coiumoncimr in a 
[•lexiis in the head and running down to open on the 
rmdajcv). fliese tubes bear little iarjs (r«), each of which apiieais 
To cuidaiii a vibrating cilium. The real structure of those Imdies i.s 
(uicertain, and tlio use of the whole apparatus is much disputed • 
int the tag.K are possibly 'I'erv minutely ciliated fumiols, their friv 
‘‘litis open to the body-cavity; and it seems probable that the finidv 
nf tlie hody-cavity are conducted through thorn, along the tortuous 
i K^ulto t,hecontract,]le vesicle, and are by it dk-liarged into the 
uaca. ihe aiiparatus wxmM therefore be mainly an excretory onei. 
Itiere i.s a inlobed iwrons (((inyUon (gn) between the buccal 

:::::! r:‘ e,. (e)-a 

I ‘1'““““ OS""'"'- rroiii tlic -anglion pas. 

‘a* '7 "1 ‘ orsaos aro ra-kVt. 

-meu teimmatious of tiie nervous thiTads, ami have each a bundle 
inie hairs passing tlirougii .a hole in the lorica. The dor-Nil 


mM8!U P it'i MvS " Address, (ft fh, J^enj. Mirmc. ^(vc. 

>«tty ntw have J J « J ^ given fur suspecting that the contiMctileTtaiolc 

'luiwretorvonP ^ hinction, and the vibratiltj tags uml loiigiludiualeanaU 
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a forked jointed foot, the fork being formed of two toes vin-viu.r 
greatly in size mid sliape, but all secreting the viscous Hui,} aliv-^iy 
nientioned. 'riie great majority of tlie Rotifera belong to 
Ploima. 

Tlie fonrtli order. contains but one faiinly. Pcddlln,,},!,, 

and has oidy tw(j genera, Vedaliou and Ile.caHkm, and the laUrv of 
these lias but one known species, the former only tw<). 

(figs. 4, 5, s, Plate XVII) is an extraordinary creature. Its intet iiiil 
oiguns are on the usual rotiferous plan, but its body bears im few^i. 
tlian six hollow limbs, ending in plumes like those oftlie 
and worked by pairs of opjxising muscles which traverse ihcii'eiitirc 
lengtli. These limbs are arranged round the body, some oii t],,. 
dorsjil some on the ventral surtac(‘, and all riiiining parallel To tlie 
body's longer axis. In Hexartkra. on the contraiy, all tin* liml,^ 
are on the ventral surface, and are arranged radiatingly. Thei-t' is 
no foot in eithei’ Rotifer; but in Fedcdioii there are twe eiliaTfil 
club-like processc.s at tlu“ posterior extremity, rising above tii,. 
jlorsal surface and secreting a similar I’iscous fluid to tliat sccr(>tctl 
in the toes Rutiferu, 

This stiange creature was discovered by Dr. 0. T, Hudson in a piud 
near Clifton in 1871 ; llexarthra was discovered by Dr. Sclimaiil:i 
in a bracki.sh ditch near the Xile in 185.^ ; their arthropodoiis lin]ll^ 
give them a strong reseiiihlance to a- Xauplins larva, and mukv ir 
]n-ol:)ablc th.at the nearest relations of the Uotifera- are the Ainiiiiii 
PODA;^ at any rate, there is moi’e proliability in this suggesfioii Tlinu 
ii\ that of Professf)!' Ha.rf;Og fliat fiiey are alli^nl to the Pilidiuiu 
larva of Xeinertine ^vorm.s.- 

' The Lreatiscs and memoirs (in addition to tliosc already relV'i-i-cd In 

contain valuable information in reman'd to the life-history of nniinalcHles aial tlji ii' 
]n'iucipal forms ; -Ehreuber^^, Div. Infndumstliifrdicn, Berlin, ISSS ; Diijanliii, 
Hiaiou'c nutun'lJc doi ZoophijU-a infawiifs, Paris, 1841; Pritchard, flAh.n; la 
4th ed. London, IStU (a comprehensive repertory of iitfovmaJini!: ; 
Stein, Der Orfjn/iiiNui^ dcr Inftiaiuu^ith 'tcir, Leipzi^j : Eriite Abllieiluii;,^ 1So!i : Zwciir 
Abtheilung, 1807 ; Dritte Abtiieilung, Hiilfte I. 1878. Savillo Kent's Mniiinil c7(7r 
Infusoria, 1880-1 ; and Professor Biitschli's Frofosoa (1880-1 1 in lire new cdifioii 'V 
Bronn’s Thierreiciis. b'oc the Rhizopoda and Infusoria specially sec Cla]iiii-i‘il( 
and Laeiunauui Eindes sur fes Infaaonrs rf Irs lihi^o^nides., Geneva, 1878-iU; 
Colin, ill Sicbold and KoUiker's Zrifsrhrift, 1851-4 and 1857; Lieberkiilm, (!■ 
MiHlcr's Archiv, 1858, and Ann. of Nat. Jlisf. Hud ser. vol. xviii. 1856: Kni'vlina'ii; 
Zur Natargcsrhichie dcr lufiisiv)isthkr(', 180H; and Professor Biitschli's .SYW-m; 
i'bcr die, ConJiigutloH dcr Infnsoricn Ar., 1870. For the Piotifera specially s.r 
Leydig, in iS'a7m/(Z unci KoUiker'.^ Zcif.^ichrift, Bd, vi. 1854; Gosse oii Jlcllcerti; 
ringens, in Quart. Jon rn. of .M/cimi'. Sci, vol, i. 1858, p. 1 ; on the llandticalen 
Organs of Rotifera., Pin!. Tran.s. 1850; Huxley on rjacinnlaria sneiidis iu 7 up/.-, 
Microsc. Soc, ser. ii. vol. i. 1858, p. 1; Golui, in Sirhohl (tint Kollikrr's 
Bde. vii. ix. 1850, 1858; Dr. Moxon, Trans. Linn. Soc. 18(54 ; Karl Eeksteiu, ,s/c'..ii(» 
and Kallikrr's Zciischrift, 188^ ; Bonnie, liotifera, in the Dtli edition of the he' v- 
dopcedia. Britannlca ; -foliet, ‘ Monographie des Melitertes,’ ArcJnr.cooi 
ii. tom. i. p. l;ll; and Plate, Jenaischr Zeifschr. xix. p, 1, The Iio(it<'i'a,<’r n hui- 
aninudcidt'S, by Hudson and Gosse, Longirmns, 1880. 'i'his has been iisehiH.' ^'6" 
plemeuted by 3Ir, C, F. Rousselet in two papers entitled ‘ List of New ^votitel's^mc' 
l-ssp,’ in Jfjiirn. B. Microsc. Sue. 1808, pp, 450-8, and 'Second List, At. m 'a 
same journal for 1897, pp, 10-15, The bibliographical lists appended by -irr. bo'issr- 
let will be found of much service, as since the publication of the work <>1 • ' 

Hudson and Gossc* there has been a great revival among the students ot thn 
Mr. Slack’s Murads of Fond Life, Hud edit, ^.t^'nlon, 1871], contains many nUtUM 
ing observations on the habits of Infusoria uiid Rotifera. , ,, 

■- See his remarks on the relation of the Rotifera to the Tiwho]*liore, in u'p. 
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appendix to chapter Xlil 

'i'HK preparation and preservation of Rotifers well extended as in life to 
H-vve as type speeiiuens is now possible, and the following is an outline of 
Mr. C. F.'Rousselet's method, which consists of three stages: narcotising, 
liilUn^^ and fixing, and preserving. The wdrole operation is necessarily 
performed under a dissecting microscope. 

The first step in the preparation of Rotifers is to isolate the animals 
bv transferring as many as may be available by means of a very 
tine pipette to a fresh watchglass full of perfectly clean water until all 
particles of foreign matter have been eliminated. This is necessary 
iicoause when the animals are dead these particles adliere to the cilia of 
ihc Rotifers, from whence it is very difficult to remove them. In the case 
of fixed Rotifers, such as Melicerta, Limnias, 8tephanoccros, ite., it is 
necessary to cut off and trim a very small piece of the plant to which 
they ave'attached ready for mounting, so as not to have to do this wlien 
the animals are killed and prepared. It is also necessary to separate the 
(litforent species, as most of them require a little dilTerent. more or less 
prolonged, treatment under the narcotic. The great difficulty with 
Rotifers has always been to kill and fix tliem whilst fiilly extended as in 
life. The most rapid killing agents are too slow to prevent complete re- 
traction : recourse, therefore, has been had to narcotising, and after many 
experiments a satisfactory narcotic has been found in the following 
mixture : 


2 per cent, solution of hydrochloratc of cocaine . . . . .S parts 

Methylated spirit 1 „ 

Water 


The Rotifers then, separated as to species, -and in a watchglass fnll of 
perfectly clean water, are ready for narcotising. One or two drops of the 
above solution arc added to the water and mixed. The effect of the 
narcotic is most varied in different species. Some will ]iot mind it at 
all and continue to swim about, others will contract at once but soon 
cojiic out again and swim about at a diminishing rate until they finallv 
sink to the bottom with the cilia beating but feebly. Then is the right 
lime for killing and fixing. In the case of more vigorous species, after 
three or four minutes another dose of two or three drops of the narcotic 
i>' added, and then repeated again if necessary until it is seen that the 
Jiniiuals can move hut very slowly. At this moment the animals are 
killed quickly and suddenly by adding one drop of very weak I j to ^ per 
cent.) solutiiiii of osmic acid. 

The different species of Rotifers v ary so mnedt in their behaviour under 
il'.e narcotic that it is by no means easy to always hit the exact moment 
lor- killing the animals fully extended ; repeated failures and practice 
alone can guide one in this respect, it is very essential that the animals 
hc’still living when tlie osmic acid is added, as vvlien a Rotifer is {juite 
dciul^ various post-mortem changes begin immediately to take place in 
the tissues, whilst it is desired to fix and preserve the tissues as in life, 
ihe word ‘ fixing’ implies rapid killing and at the same time liardening 
‘ ‘ the tissues to such an extent as to prevent their undergoing any 
iurtiier change by subsequent treatment with preserving ffuids. The 
action of osmic acid is very vapid, half a minute being (juite enough : if 

-iv-s. 1890, p, 8St5, iuul compare witli them the -U'^irtstuni of Dr. Plato in Zcif.sr/n', f, 
"■ess. ZooL xUx. 1188!)), pp. 1-11. 
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left imich longer in this fluid the animals will become more or legs 
blackened, and it is therefore necessary to remove the Rotifers as soon 
possible, by means of the fine pipette, in three or four changes of dean 
water, so as to get rid of every trace of the acid. Finally the aiunials 
are transferred into the preservative fluid, which is a solution of 24 per cent 
formaldehyde (the commercial formalin is a 40 per cent, sohnlou of 
formaldehyde). 

In this preservative the Rotifers are mounted in ringed or excavaieil 
cells on micro-slides in the usual way.^ 

’ More detailed ])ai’tit:iilars in the treatment of the varioiifi species 
mounting in cells Avill be found in Mr. Kousselet’s papers on the subject, part imhulT 
those of March 1895 and November 1898, in the Jouru. of the Quekett Mic/: c)afj 
vol. yi. pp. 5-lo, and vol. vii. pp. 93-97. ' 
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CHAFTER XIV 

FOEAMi:SJFEIlA AFD BADIOLAEJA 

\\]>'ii RSiyCr now to tlie lowest or rluzopod type of oniinal life 
( Ch;i})ter XII), we have to direct our attention to two very remarkable 
series of Ibiins, almost exclusively marine, under which that type 
iu:mifests itself, all of them distinguished by skekiom so consolidated 
l,v iJiineral deposit as to retain their fonn and intimate structure 
loir' after the animals to which the}’' belonged .have ceased to live, 
v\vn for those undefined periods in which they have been imbeddt'd 
as fossils in strata of various geological ages. In the first of these 
ifruu})s, the Fora'iiimifera, the skeleton usually consists of a mlcareons 
iiiaiiV'chambered shell, wdiich closely invests the sarcode-body, and 
wliicii. in a large proportion of the group, is perfoi-ated with numerous 
iiiiuntc apertures; this shell, however, is sometimes replaced by a 
■ test.’ formed of minute grains of sand cemented together ; and 
there are a few cases in wdiich the animiil has no othei' protection 
than a membranous envelope. In the second group, the fiadiokria, 
the skeleton is always silkious and may either be composed of dis- 
connected spicules, or may consist of a symmetrical open framework, 
01- may have the. fonn of a siiell ])erforateil by numerous apertures, 
uhidi more or less completely incloses the lx)dy, lilhoFoyaminifera 
livoliably take, and always have taken, the largest share of any animal 
group in the maintenance of the solid calcareous }X)vtion of the eartlfs 
crust by separating froui its solution in ocean-water the enrlxtnate 
of lime continually brought down by rivers from the land. The 
k‘<fdiokri>i do the same, though in far less measure, for the silex. 
.\rid both extinct from sea-uater the organic matter universallv dif- 
Itiscd tlirough it, converting it into a form that serves for thermtri- 
tion of higher maihio animals. 


Section I. — Foiumixifera.* 

the animals of this gi'oup belong to that fHkida.i'kui finni of 
dtc ihizopo<l tyj)e in whicli — with a difierentiatiou between the 
coni lulling .,11^ contained j irotoplasin wliich is invedved 
the tm'imitioii of u definite investment— a distinct iutekas 
(>«nm times single, in other cases multiple) is probably always 

M j'lic ^iin'lif'r literature tonsnit JXr. 0. D. Slierboni's ‘ Bibliograohy of the 
Oixmuaiam, recent and fossil, from L^tio to 1888,’ London, 18S8. 
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present.^ Tiie ?<liellss of Foraminifer^i. are. foi* tlie most pmt. j„,l, 
thalamoos, cn* n\[niy-olu\nil>erO(l (Plittes XYIII ami XlX), iifV,.]^ 
strongly I’esoiuLling those o^Xunttlus^ and other coj 

mollusc's, that it is not siii'pvisiug that the older natimdiats. to uluuj, 
the structure of these animals was entirely unknown. vauk<'il 
under that class. But iudependently of the entii-e ditferem-r 
character of the animal bodies by which the two kinds of shells ;,if 
formed, there is iunost important distinction between them in reo'nrd 
to the relation of the animal to the shell. For whilst in (Ijc 
chambered shells of the XantUns and other eephalojx>ds the nihijijj] 
is a single individual tenanting only the last formed chamhev. mik! 
withdrawing itself from each chamber in succession, as it aihk 
smother and larger one, tlie aniiiud of si nsiutiloid forsuninih*]- luis 
coMposiie body consisting of a number (sinnetimes very lartre) of 
‘segments,’ each repeating the rest, which continues to increase liv 
(jpmmfftion- or hndding fi'om the last-formed segment. Ami thus eacii 
of the chambers, howan'er numerous they may be, isuotonlv hiinn'd. 
hut continues to he occujiied by its own si'gment, which is ciiiiDeeihl 
with the segments of earlier and later formation by a contiiiums 
"stolon’ (or ci-eeping stem), that passes through apertures in tin- 
s^pta or partitions dividing the chamiters. From what we knew it}' 
tlie semi-fliud comlition of the .savcode-hody in the reticiilariiiiilvjn-, 
there can be little doubt that there is an incessant circulatory clumg' 
in the actual sub.siaiice of each segment ; so that the material taken 
in as food by the segments nearest the surface or margin is specdilv 
diffused through the entire mass. The relation between these ■ [Kih- 
thalamous’ forms, therefore, and the wonoihaldiHOKs or siii^d*- 
chumbered, of which wc have already ha<l an example in Cmii'ni. 
and of which others will he presently descrilied, is simply tlmt. 
wdiereas any buds jirodnced by the latter detach themselves to iuvin 
separate individuals, those put forth by the fonner remain in con- 
tinuity witli the pai'eiit stork and with eacii other, so as to finn ii 
‘ coinj^osite’ animal and a ■ polythalamous ’ shell. 

According to tiie plan on wliich the gemmation takes [ilace will 
he the configuration of tlie shelly structure produced liy the sejr 
mented hodv. Thus, if the hud should he })nt forth freiu iln' 
a[)erture of a Jjujena (Plate XIX". fig. Pi) in the direction ot rliy 
axis of its body, and a second shell should he formed arouial dii^ 
hud in continuity witli flic tiist, and this process sliould l)c sticco- 
sionally repeated, a straight roihlike sliell would he produced, wluso 
multiide, ehamhers commuuicate with each other by the fipeniii^'^ th't 
originally constituted tlieiv iiiouflts. the month of tiie last-teniii'-l 
chamber being tbe only aperture through wliieh the jirntopIiHair 
body, thus com|X)sed of a number of segments couiiectcd 1'} -i 
peduncle or ‘ stolon ’ of the .same material, could now project Uw 
or draw in its food, d'lie successive segments may he all o{ ta 
same size, or nearly so. in wliicli case the entire rod will appi'o< ’ 
the cylindrical form, or will rc.scmhle a line of head.s; luit 
happens that eaeli segment is somewhat larger than the pine i.iu 

‘ Dr. ScKaudiim iZi'lt^chr. f. Zoul lix. 18t>o, 

details of nuclear division in ('alciivhd poJ ijutorphdt 
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■« ifi) tliJit tlie composite shell lias a conical fonn, the apex of 
-onclj^^iiig the original segment, and its l»as(‘tiiH last one formed. 
!,ll*Viiiytliod of growth now descri}>ed is common to a large nuivd)er 
V Furaiihnifera' chiefly belonging to the sub-family JodosarimK ; 
1* fven in tlmt gi-oup we tiave every gradation lK*tween the ndi- 
r ] W 1G) spiral niwle of growth (llg, 22) ; whilst in 

^'■einis rener&plls it is not at all uneoinniou for shells which com- 
^ wire in a spiral to exchange this in a more advanced stage for the 
'vcfilineal hiibit. ■When the successive segments are added in a 
!:uital direction, the character of the spire will depend in peat degree 
mil the enlargement or ]ioii-enlargeiiieiit of the successively formed 
itiiiiiibers; for sometimes it opens out very rapidly, every wliorl 
considerably broader than tiiat which it surrounds, in con- 
.^-aiieiice of the great excess of the size of each segment over that of 
uipredecessor, as in PeneropUs, fig. 606 ; but move commonly there is 
<0 little diff’erence between the successive segments, after tlie spire 
lias made two or three turns, that the breadth of each whorl scarcely 
(.iccrefls tliat of its predeces.sor, as is well seen in the section of the 
PMdUa- ce|)resented in fig, 624, An intermediate condition is 



Fig. GOrp.— Forainhiifera: — Pe/ipro/d/.'i and OrlicuUna. 


presented by Rotalia, which may be taken as a characteristic tyjte of 
ji ^a‘rY large and important group of Foraminifein, whose general 
tV'ntnres w ill he presently described. Again, a sjaral may be 
either ’ iiaiitiloid^ or Hnvbinoid/ tlie former designation being 
ajtplied to tliat foi-ni in wliicli the successive convolutions all 
lie in one plane (as they do in the Xantilns), so that the shell 
is • equilateral ’ or similar on its two sides ; whilst the latter is 
used t<i mark that form in which the spire passe.s obliquely round 
an axis, so that the shell becomes ‘ inequilateral,’ liaving a more 
or less conical form, like that of a snail or a periwinkle, the first- 
foniu'd chamber being at the apex. Of the foimer we Inive ebarac- 
tovistic examples in Polystomelh (Plate XIX, fig. 2:t)and Wonionbuf ; 
whilst of the latter we find a typical representative in Rotalia 
Reccaril (fig. 22). Further, we find among the shells whose increa.se 
takes [Jace upon the spiral plan a very marked ilifterence as to the 
<lcgree in wdneh the earlier couvolittions are invested and concealed 
by tlie latter. In tlie great roUdim group, whose characteristic 
tori), is a turbinoid spir.d, all the convolutions are usually visible, 
at h'ast on one side (fig. 17) ; Imt among the naatlhkl tribes it move 
baquently happens that the last-formed wliorl enclo.ses the preceding 
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to such an extent that they are scarcely, or not at ali r’ 'O 
externally, as is tlio case in OnkeUaria (fig. 17), Pohjstomelli 
and N'onionina. The turhinoid spire may coil so rapidly r'.n’n,r^ ' 
elongated axis that the niniil>er of chambers in each tiun 
.small; thus in GlohUferina (figs. 20 , 21, Plate XIX) 
usually only four; and in Yalvulina the regular number iv ^,'7 
three. ^ Thus we are led to the ftiseriaZaiiungementof the e]i!i]a]7 ‘ 
which is characteristic of the textnlarian group (fig. 8, },^ and 7 

Plate XVIII), in which we find the chambers arranged in tw o rlv!.' 
each chamber communicating with that above and that h( lf„v •' 
on the opposite side, without any direct communication wilt tli! 
chamber of its side, ns will be understood by reference to H-r 



Frc. GOT.— DisrorfcOM qlohularis iHosalina rnriam, Scliultze', 
with its pseudcipodiLi. extended. 


622, A, which shows a ‘cast ’ of the sarcode-lx>dy of the annual. (Jii 
the other hand, we find in the nautiIoi<l spire a tendency tr pii>' 
(hy a curious traiisitioiial form to l»e presently descrilted) into tln' 
cyclical mode of growth ; in wdiich the original segment, iii.'^teiid nf 
budding forth on one side only, dovelopes yemmv. all vouml, so tliat 
a ring of small chambers (or chamberleis) is formed around tlic 
primordial chamber, and this in its turn surrounds itself after tin- 
like fashion with another ring; and by successive repetitious of the 
same process the slioll comes to have the form of a disc m.ole ii]' "f 
a great number of concentric rings, as we sec in OrhikiUU-s (iig. 
and in Cyclodypem (fig. 627). 

These and other difi'erenees in the plan *>/ <jmcth were made I'v 
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yl (VOrbigny the foundutitm of his cl assiiir.it, ion of this g}-oup, 
which, though at one time generally accepted, has now been ahan- 
i)y most of those who ]ia\-e occupied themselves in the study 
of the Fm-aminifera^. For it has come to he generally admitt(Hl that 
of growth’ is a elunncter of very subordinate importance 
lunong the Foraminifera, so that any classification wliich is primarily 
based upon it must necessarily he nltogetlip]' unnatural, those 
characters being of primary importance which have an immediate 
and direct relation the physiological condition of the animal, 
and are thus indicative of the real affinities of the several groups 
wliich they serve to distinguish. The most important of these 
clia meters will now be noticed.^ 

Two very distinct types of shell .structure prevail among ordinary 
Fiiraminifera — namely, the porceUanouH and the hyaline, or vitreons. 
Tiie shell of the former, when viewed by reflected light, pre.sents an 
ojiaquo- white aspect wliich hears a strong resemblance to porcelain ; 
l)ut when thin natural or artificial lamina? of it are view'cd l)v trans- 
mitted light the opacity gives place to a rich brown or aml>er 
colour, which in a few instances is tinged with crimson. No 
structure of any description can he detected in this kind of shell sub- 
stance, which is apparenflv homogeneous throughout. Although 
tlic shells of this ‘ \)or<‘eIliUious ’ ty^ie often present the appearance 
of heiiig perforated with foramina, yet this appeai-ance is illusorv. 
being due to a mere ‘ pitting’ of the external surface, which, thoiigli 
often very deep, never extends through the whole thickness of the 
sludl. Some kind of inequality of that surface, indeed, is extremelv 
romiiion in tlie shells of the ' ]iorcelIanoiis'“ Foraminifera, one of the 
must fVeipieiit forms of it being a regular alternation of ridges and 
farrows, such as is occasionally seen in Milioln, hat wliich is an 
almost constant characteristic of FeaenypUs (lig. 606). But no 
(liflerence of texture accompanies either this or any other kind of 
inequality of surface, the raised and dcpi-essed jxmtioiis being alike 
homogeneous. In the shells of the t 'dreoas or hyallm type, on the 
otlicr hand, the iiropei* sliell substance has an almost glassy ti-ans- 
[Kireiice, which is shown by it alike in thin natural lamelke and in 
artificially prepared sped mens of sucli as are thicker and older. It 
is usually colourless, even when (as in the case with mmy Roialiiim) 
tlie sulistance of the animal is deeply coloured ; hut in some few 
sjK'cies, such as OlobhjeriiHi ridyra,, Tvuncididina PolyiTenia- 

the .shell is eoinmonly, like I he animal bod v, of a more 
or less deep crimson hue. All the shells of the liyaline type ai-e 
hcsetuiureor less closely \i\\\\tnhidar perforttllons, which jxtss directlv, 
mid (in generd) witlioiit any .sulxlivision. from one surface to the 
other. Tlicse tuhidi are in some instances sufiiciontly cttarse for 
their orifices to he distinguished witli a low magnifying jxiwer as 
■ punrtutions on the surface of the shell, as is shown in fig. 607 ; 
whilst in other rases they are so minute as only to i>e discevnilde in 
thin sections seen by transmitted light under a higher magnifying 

’ sxibicct^will be found amjdy discussed in llie AiUlioc's IniyoductUni fo the 
of flic Fummoufern,, published by the Ray Society, to wliich work he would 
refer such of his readers as may desire more detailed informatiou in regard to it. 
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power, ns is shown in fi"s. 682, 688. When they nre very 
and closely set, the shell <lerives from their presence that kin.l <if' 
opacity which is chnrn(tteristic of all minutely tuVndav textiavs 
whose" tuhuli are occvipied either hy air or l>y any s\ihstance haviuif 
a refractive power difierent from tliat of the intertuhular suh.«tiiti( t'. 
Imwever perfect may be tlie transparence of the latter. The straight- 
ness. parallelism, and i.solatioii of tlavse tubuli are well seen in yj.) tj. 
cjlI sections of the thick sliells of the largest examples of the ^'ronii. 
snch as Xiimmulites (fig. 631). It often hapy^ens, however, tliaT 
certain parts of the shell !tre left nnchannelled by t he.^e tuhnli; ;nnl 
such are readily distinguished, even under a low magnifying power. 
l>y the readiness with which they allow transmitt e<l light to 
tlunugh them, and by the y>eciiliar A'itreous lustre tliey exhibit wlu>u 
light i.s thrown obliquely on tlieir surfaee. In sin^lls fonm'd upm 
tills type we frequently find that tlie surface pre.sents either bands 
or sywts wliich are so distinguished, the noii-tuhular bauds u.suallv 
marking the y>osition of the septa, and being sometimes raised into 
ridges, though in other instances they are either level or soniewliat 
depre.ssed ; whilst tlie non-tuhulai' spots may occur on an\' y>ait of 
the surface, and are most commonly ]‘aised into tnlMn-cles. wliicli 
sometimes attain a size and ninrihei- that give a very ilistinctivo 
asy>ect to the shells tliat l)oar them. 

lletweeii the comparatively coarsfi pevtorations wliich are comiiinii 
ill the roialine tyyie, and the mitufte tubnli wjiich are charactcristii- 
of the naumuUm, there is .such a coniiiiuoiis gradation as indicatas 
that their mode of formation, and yirobaldy their uses, are esson- 
tiallv the s;nne. hi the former, it lias heeii demonstrated hy actiinl 
oVisevvation that they allow the ])as.sage of yiseiidoyiodial exteii.sioijs 
of the sarcode-l>ody througli every fKih, of the external wall of Ilia 
cliamlxu's occupied hy it (fig. 607) ; and there is nothing to opyKisc 
the idea that they answer tlie same yniryiosi' ill the latter, simr, 
minute a.s they are, their diameter is not too small to eualile tlieiii 
to l>e traversed by the hiiest of tlie tlireails into which the iirancliiii.ir 
yiseudopodia of Foraminifera are known to subdivide themselves. 
Moreover the close ap])roximation of tlu* tiibnli in tlie mo.st fiiieli 
jierfoiated nmiimnlines makes their c-ollective area fully eiyiial ta 
that of the larger hut move scattered yiores of the most coarsely y>ev- 
forated rotalines. Hence it is olivions that the tahnlation or tunt- 
tubulatwu of foraminiferal shells is the key to a very important 
phy.siological difierenct' between the animal in habitants of the two 
kinds resyiectively ; for whilst eveiy segment of tlie sarcode-liody m 
the former case gives off pseiidoyiodia. wliich pass at once into tlio 
.suiTOunding medium, and contribute by tlieir action to the nutrition 
of the segment from which they proceed, thesi^ pseudopodia an- 
limited in the latter case to the Ji/ial segment, issuing forth niil.v 
through the aperture of the last chamiier, so tliat all the iiiitrieiil 
material which they draw in must he fir.4 rccei\'e<l into the last seg- 
ment, and he 1 ransmitti'd thence from one segment to another niiTil 
it reache.s the earliest. With this difference in theplivsiologicalcini- 
dition of the animal of these two types is usually associated a fnrtlivi 
very important differmice in tlie con formation of the shell— viz. 
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ri,;ir whilst the ;q>evtnre of conuiuinication between the t-lunuWvs 
;ni(l l)etween the last eliiunbev {UkI the exterior is usually very small 
ill the ^ vitreous ' shells, serving merely to give j>a.s«»ge to a slender 
^lahn or thread of sareode from which the succeeding segment may 
he Imdded oft’, it is inucli wider iiTthe ‘ |>orcellanous’ sliells, so as to 
iiive |>assage to a ‘stolon’ that may not only hod off new segments, 
iiat may serve as the medium for transmitting nutri('nt mateiial 
fi-'iu the outer to the inner ehambeis. 

Between tlie liighest types of tlie porcellanoits and the vitreous 
series respectively, which frequently hear a close resemhlanee to 
each other in J(yrvK there are cerbrin other well-marked differences 
in which clearly indicate their essential dissimilarity. 

Thus, for example, if we compire OrlntoUtfs (tig. 509) with Ci/ch- 
we reeoguise the same })]an of growth in each, tlie chajnlier- 
Is'ts hidiig ai-ranged in concentiic rings around the jirimordial 
eiiainiicr : and to a superficial oliserver there would appear little 
diffevruce hetween them. But a minuter examination shows that 
not only is tlie texture of the shell ‘ porcellanons ’ and nou-tnlnilar 
ill Orhitolites, whilst it is ‘ vitreous ’ and minutely tubular in (/ijclo- 
eUipciis. hut that, the },ii\i'titi(ms i:ietween the chumberlets are awtjle 
in the former, wliilst they are double in the latter, each segment of 
the sarcode- body having its own proper shelly inv est meiit. More- 
over, betwen these double partitions an additional deposit (if cal- 
careous suhstanee is very commonly found, constituting wliat may 
lie termed tlie inteniieAliate skeleton; and this is traversed by a 
peculiar system of inosculating canals, wliich pa.ss annual tlie 
ciiamherlets in iutcr.spaces left between tlie two lauhme of their par- 
titions, and which seem to convey through its substance exteiision.s 
of tlie sarcode-body whose segments occmiy the ciiainliei'lets. We 
occusionally find this ‘ intermediate skeleton ’ extending itself into 
peculiar oe/yro/'ffAs, wliicii liavt^ no direct relation to tlie ciiamliered 
shell. Of this we have a. very curious exiimple in Calcarina; and it 
is in tlie.se that we find the ‘canal system’ attaining its greatest 
(levelopmeut. Its must regnlar distribution, howevin'. is seen in 
Polifsiorndla and in (Jperoidh}a \ and an account of it will be givam 
in the description of those types. 

Porcellanea. — Commencing, now, wiili the porcdlamns series, 
we sliall briefly notice some of its most, inqiortant forms, which are 
so related to eacli otlier as to constitute but the one family M'dioikUi. 
Its simjilest tyjie is ]n'eseiited by the Cormspim of our own coa.sts, 
found attacli ml to seaweeds and zoophyte.s; this is a minute spiial 
shell, of which the interior form.s a continuous tube not divided into 
chambers; the latter jMiifiou of the spire is often very much fiatteiiefi 
out, as in Penecffplis, so that the form of the moutli is changed from 
a circle to a long narrow slit. Among the commonest of tlie Fora- 
minifera, and alxiuiiding near the shores of almost every sea. are 
•some fiu'ins of tlie nuHoline type, so named from the resemblance of 
some of their minute fossilised forms (of which enormous beds of 
Inaestoiie in the ueigiilxiurhood of Pai'is are almost entirely com- 
posed) to millet-seeds. The peculiai' mode of growth by which these 
are characterised will lie best understood by examining, in tin- first 

F 
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instance, the form which lias iieeii designated as Splrolocnlina. 
shell is a spii-al, elongated in the direction of one of its diam, !,.is 
and having at each turn a contraction at either end of thatdi:nn,-i,lj! 
which partiallj' divides each convolution into two chamlieis : tli,, 
sepiiration hetweeii the consecutive chamljers is often made ]ii(u>> 
complete bv a peculiar projection from tlie inner side of the Ca\ itv 
known as the ‘ tongue ' or ‘ valve,’ which may be eonsidweil as 
imperfect septum. Xow it is a very common liabit in tlie miliolin,, 
tj^e for the ehaml>ers nf the later crauohitions to extend tliem.s,*lvcs 
over those of the earlier, so as to conceal them more or Jess (om- 

pletely ; and this they ^■ery commonly do somewhat unequallv. sotlmt 
more of the earlier chaniliers are ^■isil>le on one side than on ilie 
other. thus modified (fig. 1 . PI. XVlif) have received the 

names of Qidnqoeloctdina and Trilocalina according to thenumlHn'of 
chambers visible externally ; but tlie extreme inconstancy ^vljidi L 
found to mark such d isti net ion s, i e 1 1 the compa rison of .sjiecimens 
has been sufficiently extended, entirely <lestroys their value asdifiVr- 
ential characters, and the term Miliolina is now more frequently 
applied to them eolleetively. Sometimes, on the other hand, the 
earlier convolutions are so completely concealed by the later tliatonlv 
the two chamhers nf the last tmii are visible externally ; and in this 
type, whicli has been designated BilocnUna, there is often sucli an 
increase in the breadth of the chamlieis as altogether changes tlic 
usual pro[)nrtioii.s of the shell, wliieh has almost the shape of an egg 
when .so placed that either the last or the [lenultiin.ate ehamher faces 
the obsei‘\ er. It is very common in milioline shells for t he external 
surface to pre.sent a ‘ pitting,’ more or less deep, a ridge-aiul-fiirrow 
arrangement (fig. .3), or a honeycomb di\ isiLin; and these divcisities 
have been used for the characteri.satioii of spe(’ies. Not only, how- 
ever, may every intermediate gradation lie met with between the 
most strongly marked foi'ins, Imt it is not at all uncommon to find 
the surface smooth on some pa its, whil.st otlier parts of the surface 
in the same shell are deeply pitted or strongly rililied oi- boiicv- 
eombed ; ,so that here, again, the inconstancy of these difiercnccs 
tleprives them of much of their \’alue as <listinctive cbaracteis. 

An interesting illnstiation of the tendency to dimorphism 
amongst the Foraminifei'a has been oljseiaed by 3131. 31uiiicr 
Ohalmas and Schlumberger in the structure of the shells of this 
group. They find that while twc> forms, which they distinguish as 
foim A and form B, are similar externally they difiei- in internal 
structure, form B having its initial chamber much smaller than that 
of form A, and this ‘ mierosphei'e ’ is followed by a larger munber of 
chambers than is the * megasphere ' of form A, AVlmt thisdifterciice 
signifie.s it is at present impossilde to ,say. hnt it ha.s been suggested 
that it u)ay be one of sexual character, or. l)etter. of a series in acy<‘le 
of generations. The observations of the French naturalists referred 
to open, out a new field of inquiry, ami one which is enjoying the 
attention of several workers in this depaitment of rese;ir(‘h.- 

1 BuIIfiHn Sac, Gcol. ser, iii. vol. xiii. p. iiTa. 

2 Cf. J. J. Lister in rhil. Tram. 13G B (1895), p, 401, and F. Sehsiudinin ‘ I clu-r 
den DiniorpliUmus der ForaminiEeren,’ S.B. GV,v, Natayf. Berlin, 1S95, i*. 87. 
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Ptovevtiiif^ agJLiii to the primitive type presented in tiie simple 
.lirid of Cornmp'^ra^ we find the most complete development of 
ir in Ventroplis (fig- fi06), a very Wutiful foi'in> which> although 
1 nr to be found on our o^vn coasts, is one of the amimonest of all 
Kni-aniiuifera- in tlm shore-sands and shallow -water dredgings of 
v. irmer regions. This is normally ?i nautiloid shell, of wdiich the 
o'lire flattens itself out as it mlvances in growth. It is marked 
i-xtermilly by a series of transverse 1>ands, whicli indicate the [arsi- 
tiuii of the inteimal septa that divide the cavity into cliand>ers ; and 
tiu'se cliamhei-s communicate with each other by niuneious minute 
I Hires travei'sing each of the septa, and giving pissage to threads 
(if sircode that connect the segments of the body. At a is .showm 
tin- 'septal plane' closing in the last-formed chamber, witJuts single 
rnw of ixu'cs tln-ough which the pscudopodial filaments extend tliem- 
v,.ive.s into the surrounding medium. The surface of the sliell, 
^ihicli Jms a peculiarly ‘ porcellanous ’ asj)ect, is marked by closely 
>t't Rtr'm that cross the spaces between the successive septal bands; 
these markings, however, do not indicate internal divisions, and are 
due to a surface-furrowing of the shelly walls of tlie ch<amhers. This 
t_vj,ie passes into two veiy curious modifications, one having a spire 
\vi)ich, instead of flattening itself out, remains tui’gid, like that of a 
Xantilus, i\aving only a single aperture, which sends out fissured 
Kvteiisious tint subdivide like the branches of a tree, suggesting the 
uauie of IkMlvltim, the oilier having its spire continued in a rec- 
tiliiieul ilirection, so that the shell takes the form of a crosier, this 
hi'iug distingiiished by the name of Spirolim. A careful examina 
tiou of iuterntcdiate fonns, however, has made it evident that these 
uioditicatious, though ranked a.s of generic lulue by M. d’Orbigny, 
:o-e inerelv varietal^ a continuous gradation being found to exist 
fioiii the elongated septal plane of the typical Peneroplk, with its 
single row of isolated pores, to the arrow-shaped septal plane of 
\Yith all its pores fused together (so to sjieak) into one 
dendritic aperture, and a like gradation lieing preseiited lx?tivoen 
file ordinary forms and the 'spiroline’ varieties, with oval or even 
circular septal plane, into which both Peneroplh and DejidrHhm 
tend to elongate tliemselves. 

Fixjin the ordinary nautiloid multilocular spiral ^ve now pi.ss to 
1 ! iiioi'e complex and highly developed foian, which is restricted to 
tropical and subtropical regions, but is there very abundant— that, 
aaiiiely, w'hich has received the designation Orhkidimt (fig. 606). 
The relation of this to the preceding type will be best understood 
by an examination of its earlier stage of growth ; for liero we 

tiiat file shell reseanhles that of Peneroplis in its general form, 
hat that its principal chambers are divided by ‘secondajy septa’ 
passing at right angles to the primary into ‘ chamWrlets ’ wcupied 
hv suh-segments of the sarcode-body. Each of these secondary 
>''pta is perforate, d by an aperture, so that a continuous gallery is 
ft'naed. thrmigli which (as in fig. 609) thero p>:\sses a .stolon that 
(usite.s togetlicj' all the snh-segments of each row. The chanibeiiets 
of siK‘ce.s.sive mws altematc with one another in pxisition ; and the 
jf'M-es of tJie }irincii)}il septa are so disposed that each ehamlierlet of 
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any row iiunually oommunici'itos with two chaniberlet;^ in eaclnjftii,. 
adjacent, rows. The latev turns of the spire very commonly 
})lctely over the earlier^ and tlius the central portion or ‘ mnhilicDs ■ 
comes to he protnl:)erant, whilst the growing edge is thin. Tl\e 
also opens ont at its growing margin, whicli tends to encircle tlie li) st- 
fonned portion, and thus gives rise to the peculiar shape represeuti'd 
In iig. iOG, in tlie illustration on the extreme right, w’hich is tljs- 
common adiuical type of this org'anism. But sometimes even at an 
eaiiv age the growing margin extends so far round on each siiL 
that its two) extremities meet, on the apposite side of the original 
spi\'e, wiiich is thus completely inclosed by it ; and its snhseqnriiT 
growth is no longei' spiral hut cyclical, a succession of 
rinys l)eiiig added, one around the other, as .shown in the inulilh 
illustration in the same figure. This change is extremely curious, as 
-deuKaistratiug the intimate relationship betw^een the spmd and tin- 
■cyclical plans of growili, wiiicli at hrst sight ap]>ear essentially distinct. 
In all hut the youngest examples of Orbiculiua the septal plane pre- 
sents iinn'e than a single row of pores, the number of rows increasini; 
in the thickest sppci[ueiis to six or eight. This increase is assoeiateil 
witii a change in the form of the sub- segments of sarcode from little 
blocks to cohnims, and wnth a greater complexity iu the gtaieivil 
arrangement, such as will be more fully described hereafter in 
f)/‘ititolitcs. The largest existing examples of this type are far sur- 
passed in size by those which make up a considerable part of n 
'fertiai'v limestone on the Malabar coast of India, wdiose diameter 
reaches seven or eight lines. 

A ^ erv envinns modification of the same general ]»lan is shown in 
Almtlhia, a genus of wdiich the largest existing forms (tig, 608) are 
commonly MlK)ut one-third of an inch long, w'hile far larger speci- 
mens are found in the Tertiary limestones of Scinde. Here the 
spire turns I'ouud a very elongate axis, so that the shell has almost 
tlie form of a cylinder drawni to a point at each extremity. Its 
surface shows a series of longitudinal lines wdiicli mark the pi'iueipul 
septa ; and the bands that iuteiwene between these are marked trans- 
ve\-selv by lines wdiich show tlie subdivision of the princiiial chainhas 
into * ehamberlets.’ The chamberlets of each vow arc connected wdtli 
each other, as in the preceding type, by a continuons gallery; ami 
thev communicate with those of the next row' by a series of multiple 
pores in tlie principal septa, such as constitute the external orifices t't 
tin* last- formed series seen on its .septal plane at a, a. 

The highest development of the cyclical plan of growth whicli 
we have seen to be sometimes taken on by Orbiculiua is found m 
Orhitoliks ; a, type w hich, long known as a very abundant fossil m 
the earlier Tertiaries of the Paris Uisiii, has lately jirovetl to^he 
scarcely k'ss abundant in ccitain parts of the existing ocean. Tlie 
largest recent specimens of it, sometiine.s attaining the size of a 
.si lining, have hitliert.o been obtained only from the coast of New 
Holland, the Fijian reefs, and various other parts of the Polynesian 
Archipelago ; lint discs of couipai’ati\ely minute .size and simpler 
organisation are to be found in almost all foraminiferaJ sands and 
dredgings from the shores of the warmer regions of the glolie. being 
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i.>i>eci!iny in those of some of the Philippine hslamls. of the 

IJod Sort, of the Metliterraiiean, and especially of the ^-pgeau. Wheji 
>iK'h discs ave subjected to micTOseopic examination, they ai-e ihiind 
(if uninjured i>y abnision) t-o present the structure reju'esented in 
609, where we see on the surface (hy incident ligivt) a munl)ev 



of rounded elevations, ar'ranged in concentric zones aroum! a sort of 
nucleus (which lias been laid 0 ]>en in the figure to show its internal 
sUucture) ; whilst at the margin we observe a row of roiimled pro- 
jections with a single aperture or pore in each of the intervening 
depiessions, In very thin discs the structure may often he i)3*oiight 
into view hy mounting them in Canada balsam and transmit ting 
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light through them ; but in those which are too opaque to hr 1 ],,,^ 
8ceii througli, it is sufficient to nib down one of the surfaces ni . ia ' 
Ntonc, and then to mount the specimen in balsam. Each i*r’ tj-r 
superiicial elevations will then be found to be the roof or cover nf 
ovate cavity or ‘ chamberlet/ which communicates by ineaiK . f .j 
lateral passage with the chamberlet on either side of it in the 
I’ing ; so that each circular /.one of chaniberlet.s might be iles('] i]„,| 
as a continuous annular passage dilated into cavities at iMt(‘ival< 
On the other hand, each zone communicates Avitl> the zones tlmt aiv 
internal and external to it ,hy means of passages in a radiatiu-* 
direction ; these passages run, how^ever, not fi-om the chainbeihd s 
the inner zone to those of the outer, but from the connecting p;,v. 
sages of the former to the chamberlets of the latter ; so Hint tlir 
ciiamherlets of each zone alternate in position with those of the zoii.s 



Fig, 009. — OrbitoUtes. ideal representation of a disc of complex type. 


internal and external to it. The radial passages from the oiitermu>t 
annulus make their way at once to the margin, where they tmni 
nate, forming the ‘pores’ which (asalready mentioned) are to be seen 
on its exterior. The central nucleiLS, wlien rendered sulKcieiitly 
trail, spareut by the means just adverted to, is found to con.si.st of n 
‘ primordial chamber ’ {a), usually somewhat pear-shaped, that com- 
muuicate.s liy a narrow passage with a much large)’ ‘ eircumanihient 
chamhei’’ {b), wdiieh nearly surrounds it, and ivhich sends off a vari- 
able number of radiating passages towards the chamberlets of the tiv^t 
zone, w'liich forms a complete liiig round the circniuambient chainbei’.* 

^ Although the above may be considered the tijpical form of the Orbitolite, 
in a very large proportion of specimens, the first few zones are not complete cirtits. 
the early growth having taken place from one side only ; and there is a very beautihil 
variety in which this one-sidedness of increase imparts a distinctly npiml cliftfW'yr 
to the early growth, which soon, how^ever, gives place to the eijdicah In the 
liiesitaUca (fig. 611), brought up from depths of 1,500 fathoms or more, the ‘nucleus 
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The icloa of tlie natuve of ,tl\e <x‘cupant of those eavities 

ivliieh jaight he suggested by tlie foregoing aeeouiit of their arrange- 
iiu'ut. is fu^ly home out by the results of the examination of 
t,l\e sarcode-lwcly, uhieli may be obtained by the maceration in 
ilihite acid (so as to remove the shelly investment) of specimens of 
{jt'hitoliUs that have heen gathered fresh and preserved in spirit, 
por this body is found to mmjwsed (fig. 610) of a multitude of 

cents of sarcode, presenting mit the least trace of higher organi- 
in any part, and connected together by ' stolons’ of the like 
h;iihstance. The ‘priniordiar par-s]ia])ed segment, n, is seen to 
liave budded off its ‘ circmnandiient’ segment, 6, bv a narrow foot- 
stalk or stolon ; and this circumambient segment, after passing almost 
entirely round the primordial, lias lunlded off tiiree stolons, which 
swell into new sub- 
segments from which 
tlie first ring is formed. 

Scarcely any two speci- 
mens are precisely alike 
as to the mode in 
which the first ring 
originates from the 
‘ circumamhient seg- 
ment;’ for sometimes * 
a score or inoi'c of 
radial passages extend 
themselves from every 
part of tlie margin of 
tin- latter (i\nd this, as 
corresponding witli the 
plan of growth after- 
wards i(.)] lowed, is 
probably tlie iijpkal 
ariangement) , a hilst 5^0^ ■Com]^^>ositf; animal of simple type of Orhiio- 
ill other leases (as in V>ir^ coniplanatn\-<i, central mass of sarcode; 

the example before il.s) \ rii^cumambient segment, giving off peduncles, in 

, ‘ p-f winch originate theconeentne zones otsub-segmems 

tlie mmiher of these tonneckd by anmilav hands, 
primary offsets is ex- 
tremely small Each /.one is seen to consist of an assemblage of 
ovate sub-.segments, whose height (winch could not be shown in 
tlie figure) corresponds with the thickness of tiie disc ; fltese sub- 
segments, wliicli are ail exactly similar and eipial to one another, 
are connected by annular stolons ; an<l each /.one is connected witli 
that on its exterior by radial extensions of those >toloiis passing off 
between the suli-segments. 

The rmlial extensions of the outermost /one issue fortli as 
pseudopodia from the marginal pores, searching for and drawing in 
aliim ntary materials in the manner fonnevly deserilied ; the whole 
of file soft Ixidv, which has no communication whatever with 




is! foitnwl by three or four turns of a spiral oloscly rrsemblin;; that of a CoriuisjPim 
with an interniption at everv haK-turu, as in SplntlocniuM^ the ji^rowth after* 
WiU'fU hecotning ]mrely concentric. 
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the exterior, save tliraugh these marginal pores, being 
b}' the transmission of the products of digestion from zone to /mu. 
through similar binds of protoplasmic sul)stance. In all r:iv,.s i,, 
which the growth of the disc takes place with no)-mal regulai iiv it 
is probable that a complete circular zone is added at once, 
we find this simple type of organisation giving origin to fabi i( > nf 
by no means microscopic dimensions, in which, however, there is im 
other differentiation of parts than that concerned in the foiiti.uiMii 
of the shell, every segment and eveiy stolon (ivith the exception ui' 
the two forming the ‘ nucleus ’) being, so far as can Ijo ascertaint^il, 
a precise repetition of every other, and the segments of tlie uiKOtais 
differing from the rest in nothing else than tlieir form. Theequ;ilitv 
of the endowments of the segments is shown by the fact— of ^\ lli(■il 
accident has repeatedly furnished proof — that a small portion tif 
disc, entirely separated from the remaindei', will not only contimu- 



Fui. (ill.— Disc ot‘ Oi'bitoUU'n italics, CosLii, j>p. (0. tvituiantuni^ (’aip. !, 
formed round fragment of previous disc. 


to live, but will so increase as to form a new disc (fig. 01 1), tlicw-aiT 
(if the ‘ nucleus ’ not appearing to be of the sliglitesi. conseqnem-f. 
from the time that active life is established in the oui.er zones. 

One of the most curious features in the history of tliis typt* 
(si])ac:ity for developing itself into a foiin which, whilst Iniidi- 
mcntally the same as that previonsly described, is very much 
complex. In all the larger specimens of OrhiioUti’s wc obseia'e that 
the marginal pores, instead of constituting but a single row. tmu 
maiiv rows one abjve anoilier ; and. liesides tliis. the cliamlieili't^ 


of the two surfaces, instead of being rounded lU' ovate in form, arc 
usually oblong and straight-sided, their long diimelers lying in » 
radial direction, like those of tlie cyclicjil type of OrhknUtUi. hrii 
a vertical section is made through such a disc, it is found that tlicse 
olilong chaml>ers coiLstitute two awperjicial layers, between wlmh 



ORBITOLTTES 


809 


;ive colmxnar chamber's of a i-ouiulad form ; and theKo 

just are roiinrctod together by a complex series of passages, the 
arrangemeut of which will l>e best understood from the examination 
of a sai-code-body that (Kampies them (fig. 612). For the 

(hlong su^Kn-ficial chambers are occupied by sub-segments of saicode, 
cc. d (L lying side by side, so as to form part of an annulus, but 
t.i,ch of tliem disconnected from its neighbours, and communicating 


only hv a double footstalk with the two annular -stolons,’ a (t\ b h\ 
wluth oin'iously correspond witli tlie .single stokm of ‘simple’ types 
(fig. 610)- h1\ese indirectly connect together not merely airtln^ 
superficial cliamherlet.s of each zone, but alsr) the columnar sub- 
semnents cd' tlm intermediate la}'er ; foi' tliese columns (e e. c' «') 
teriuiirate aUwe au<l l)elow in the annular stolons, sometimes pas.sing 
<liiectlv f^nn one to the other, Imt sometimes goiu'r out of their 


(liroct coui'se to coalesce with 
auctthei- column. The columns 
of the sueeessivc zones (t\yo sets 
of uhich are shown in the 
figure) communicate with eacli 
other l)y threads of sarcode in 
such a, manner that (as in the 
siuijfie type) each column is 
thus brought into connection 
with two cr)lumns of the zone 
next interior, to which it alter- 
nates in position. Similar 
threads, passing oil' from t.lie 
outermost, zone tluough the 
multiple ranges of marginal 
pores, would doubtless act as 
pseudopodia. 

Xow this plan of growtii is 
so (lifterent from tluit previously 
described that there would at 
first seem auijde ground for 
separating the amjde. and the 
com//k.i‘ ty|)e.s as distinct .species. 
But tlie test furnished by tlie 



Fi(i. Poi'tiou of animal of 
tyre of Orbiiofifes comiifantifo : 
<i ((', 1/ (/, the nrper tuul lower rhi^'s of 
two coucenti'ic zones; c* <*, the ui>]>er 
layer of superficial sub-segments, aiul 
(I iJ, tlie lower layer, connected with the 
auiuilar bands of both zones; e c and 
c' c', vertical sub- se, Laments of the tWL> 

ZoUC>. 


examination of a Irmje numher 

of which ought never to liej^assed by uheii it can }H>ssibly 

Ite appealed to. furiiishe.s these very singular results; 1st. that the 
two Ibrms must be considered as specifically identical ; .since there is 
not only a gradational pa.ss<tge from one the other, but they are 
((ften combined in the same, individual, the innn' and first-formed 


Jiortioii of a large disc fi-et|neutly |)re.senting the simjde tyjte. whilst, 
the 0 (iipr and later- formed part has develo}>c‘d it self upon the complex ; 
2ud, tliat although the last-mentioned circum.stance would naturally 
sugge.si that the change from the one plan to anotlier may l>e. simply 
a feature of advancing age. >'et tliis cannot be the case: since, 
although the complex sometimes evolves itself even from the very 
first (tlie • nucleus,' though vesembliugthat of the simple form, .^ending 
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out two ov more tiers of I'adiuting threads), more frequeurh. 
simple prevails for an indefinite number of zones, and then cb.oj.r,.^ 
itself in the coui*se of a few zones into the complex, Xo di jiiat 
ment of mvtunil histoiy could furnish more striking instajices th u^ 
arc afforded by the different forms presented by the forioniiii!‘,.^..jj 
types now described, of the wide range of variation that nriv 
within tlie limits of one and the same species; and the miciosrupist 
needs t<.) be specially put on his guard as to this point in respei t To 
the lower types of animal as to those of vegetriblc life, since tli^ 
determination of form seems to be far less precise among such tlnui 
it is in the highei- typesd 

In what maimer the reproduction of Orbitolites is acconqilisliet], 
we can as yet do little more than guess; but from appeaiaiiws 
sometimes prcsente<l by the Sivreode-^dy, it seems reasonalile T(t 
infer that gemmides^ corresponding with tlie zbosjxires of |iroto- 
phyte,s, are occasionally formed Vy the breaking up of the savcodc 
into globular masses, and that these, escaping thmugh the niai-irinal 
poi'es, are sent forth to develop themselves into new fabrics. 

Arenacea. — In ceitain forms of the preceding family, and (‘qio- 
cially in the genus ililiola, we not unfrequently find the slu-lls cn- 
<a-usted with particles nf sand, which are imbedded in the junp-v 
shell substance. This inernstation, however, must be looked on as 
(so to speak) accidental, since we find shells that are in evew 
other I’cspect of the same type altogether free fioin it. A siinilav 
accidental inernstation presents itself among ceihaiii S itreons' and 
peiforate shells; hut there, t.oo, It is usnally on a basis of true shell, 
and tlie sandy iiiciaistation l.s often entirely absent. There is, liow- 
ever, a group of Korainiiiifera in which the true shell is oonstantlv 
an<l entii'ely replaced by a sandy envelope, which is dislingnislied as 
a * test,’ the arenaceous particles being held together only tty a 
cement exuded l)y the auiinah It is not a little curious that tlu' 
forms of these arenaceous ‘ tests ’ should represent those of niaiiv 
<lifferent types among Ixitli the ‘ porcellanous ’ and the ’vitivinis’ 
serie.s ; whilst yet they graduate into one another in such a maiincv 
a.s to indicate that all the members of this ‘arenaceous' group air 
closely related to each othei-, so as to form a series of tlieir own. 
And it i.s further remarkable that while the deep-sea dredgin^.s 
recently carried down to depths of from 1,000 to 2,500 fatliotns 
have lu-nuglit up few' forms of either ‘ porcellanous ’ or •vitreous 
Foiuminifera that were not previously known, they have adiU-d 
greatly to our knowledge of the ‘ aienaceous ' ty})es, the nunil.>i*r and 
vaiiety of whicli far exceed all previous conception. These liave 
been systematically described by Air. H. B. Brady, F.R.15'.,' wlnw' 
reseui-ches have led him to believe that the loiig-estahlisbed division 

^ For further infoniiation on the subject of OrbiioliteH see the Aiithoi's accotuc. 
of tlift genus in the reports of H.M.S. Clmllenger. Mr. H, B. Brady in his ‘ Clntlknfr '' 
(p. 22i) describes a rennixkable allied tyT')e from the Soutlievn Omiu— 
Ki‘rainos])}u('ia Mumj/ji—m which tlic test is spherical, and the clnniihci's are 
arranged in concentric layers, 

- See his important report on the Foraminifera dredged by H.M.S. 
flHSl), illustrated by 110 plates. A large number of deep-sea forms lias lately^ 
deseribed by Dr, Goes, from the dredgings of the Alba frtm', see C*""/'- 

Zvol. x.’cix. (IHOO . 
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(»f the Foraininifera into the avenaceoiis und eale<iveous groups dues 
not correspond to any iiatuval iin-iuigement ; for, idthough the rule 

tolerably constant in many groups, there are others, uotahly cerlain 
Mih-families of TeMiihriidcn, in which it is l)y no means uniform. 

In the midst of the sandy mud which formed the bottom where 
t)ic warm imea of the ‘ Olobigerina mud ’ abutte»l on that over wliich 
:i glacial stream flowed, there were found a number of little pellets, 
varying in size from a large pin’s head to a large pea, formed 
of an aggregation of sjuid-grains, minute foraminifers, Ac., held 
together by a, tenacious protoplasmic, substance. On teaihig tliese 
oplm the whole interior was fomal to have the sirme compi)sition, 
aiiil no ti-ace of any structural arrangement could ])e discovered in 
their mass. Hence they might be snppo.sed to be mere accidental 
agglomerations were it not for their conformity to the ‘ monerozoic ’ 
tvpe prenously described ; for, just asasimjde ‘ moner,’ by a differen- 
tiation of its homogeneous sarcode, becomes an A mchu. so would 
one of these uniform blendings of sand and siU‘eo«le by a separatioji 
of its two components— the sand forming the investing ‘test’ and 
the sarcode occupying its interior— become the avcnacwiis dsf/'o- 
t'hba. This type, which alx)nnd.s on the sea-]»ed in certain localities, 
presents remarkable variation.s of form, being sometimes globular, 
sometimes stellate, sometimes eervieoni. But the same general 
arrangement prevails thi-oughout, the cavity being occupied by a 
dark-gi'een sarcode, while the ‘ test ’ is composed of loosely aggregated 
smd'graiiis not held togetlier V)v any recognisjilde eemeut, and has 
ao definite, orifice^ so that the })seudupo(lia must issue from inter- 
stices between the sjind-grains, which spaces are probably occupieil 
(luring life with living protoplasm that continues to hold together 
the sjind-grains after death. These are Itv no means microscopir 
forms, the ‘ stel kite ’ varietie.s rangijig to 0',! o]‘ even l)‘4 incli in 
diameter, and the ‘cervicorn ’ to nearly O’o inch in lengthd much 
larger form was found by Mr. Brady among the dredgings made 
in the Faroe Channel (see his ‘“Challenger’' Report,’ p. 212); 
yi/nngammina appears, when complete, to have been a sphere about 
an inch and a half in diameter ; ow'ing to its large size the almost com- 
jilete absence of cement becomes very noticeable, for the fiagile fmon 
can .scarcely support its own weight when taken out of the ovater. 

Liter on another laige and interesting type V)elonging to 
the xime giwp was obtained by Mr. AVood- Mason, late of the 
Indian Museum, from the Hiy of Bengal.^ This la^s received the 
generic name jlfasonella. The test consists of a thin sandy disc, 
ueaiiy half an inch in diameter, either flat or s;uicer-slimie, witli 
a central clmmber and simple or branched ludiatiug tuhnli o})en 
atthe pei-iphery. 

The purely arenaceous Foraminifera arc ranged by Air. H. B. 
Bimly'* (by whom they have been especially studied) under t\v() 

^ ' See the description and figures of this Bpe given by the Author in 
Microsc. ScL vol. xvi. lH7fi, p. 221. 

: and Mag, Nat. Jliaf. Is89, sev, vi. vol. iii. p. *293, woodcuts. 

' See his ‘Notes’ in Q7iavt. Jnio-n. of Miovrs. Sri. n.s. vol. xix. p. 20. and 
vol, SSI. 1881, p, 31 . 
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tlie fii'st of wliicli, AstrorJiizida, indncles Avitlithe pm-ioiiin 
a uuniber of coarse sandy forms, usually of considerable .size, aid 
e.'^sciitially moiiotlialanious, though sometimes imperfectly clauiilx-ii.ii 
by constrictions at intervids. Some of the more interesting exaiii|^ili.s 
of this family will now be noticed, beginning with the iSaccrnnhiinu * 
(Sal’s), which is a reniai-kablv regular type, composed of coarse saml- 
graius firmly cemented together in a globular form, soasto couslitutr 
a wall nearly smooth on the outer, thougli rough on the inner surface, 
with a projecting neck suia-oiniding a circular mouth (fig. 613. ,i, //. 
e). This type, which occurs in extraordinary abundance in ceriuiu 
localities (as the entrance of the Clnistiania tjord, and still finther 
north on the sjiores of PVau/. do.sef Land), is of peculiar interest 
from the fact that a closely allied species (NVwtw^wbm Cff/’i'-av'} is. 



Fio. l51rj. -AreiiticeousForaiiLiiiife'i’a : (fySuccaimiiinu ^plueriai; />, thesaiiif 
laifl open ; r, portion of the test, enlarged to show its com^x>neiifc seukI- 
j^rains ; d, riluliua Je^'reysii; e, portion of the test enhvi-gcd, shownn;' 
the iUTangeinent of the si'iont'e-spicales. 

as Air. II. Ih Biady has shown, one of the chief constituents uf 
certain beds of the Lower Carboniferous limestone of the north of 
England and elsewhere. Tn striking contrast to the precediiig is 
another single -chambered type, distinguished by the whiteness of 
its • test,’ to which the Author has given the name of rUnUn a. (row 
its resemhlance to a homceopathic ‘ globule ’ (fig. 613, d. e). The 
form of thi.s is a very regular sphere ; and its orifice, instead of 
Ijeiug circular at id siirroniided by a neck, is a slit or fissuri’ witli 
slightly raisetl lips, and having a somewhat B-shaped curvature. If 
is i)x the structure of its ‘ test,’ however, that it is especially dis- 
tinguished ; for this is composed of the fine.st ends of spouge-spiriilos. 
very regularly * laid ’ so as to form a kind of felt, through the suh- 

' For a detailed afcoiint of S. sylurrica eonfililfc Ti. TUmmbler, in vol. Ivii. of i^cihch’- 
f. u'iifs. ZooL 
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<t:iucp of ^vhidi very fine siind-grains are ilisperseti. This ‘ felt' is 
somewhat flexiblfi, anti its wraponents <lo not seem to he muted by 
any hind of cement, as it is not aifected by being boiled in strong 
acid ; its tendency, thei'efore, seems entirely due to the 
wondcvfol manner in which the sepai^ate silicious fibres are, ‘laid.’ 
jt is not a little ciuious that these two forms should ])resent thcni- 
sclves in the wime dredging, and that there slmuld be no perceptilile 
difievence in the charaete]- of their si\rcode bodies, wluch, as in tiie 
preceding case, luwe a dark-green hue. The Marsipdla ehmfaUt 
(jig, 614, d), on the other hand, is somewhat fusiform in -shape, "and 
luis its two extremities elongated ink) tubes, with a circular orifice 
:tt the end of each. The materials of the ‘tests’ difiev veiuarkablv 
according to the nature of the bottom whereon thev live. Wbeii 



Fic. ()14,- 'Ai'CiiAceous Foraminifera : «, 6, upper and lower i\si>ecls of H<q>(o- 
plirag)niumglohigeriniforme\ c, Uormonna glohilifem; d, MumipeUfi 
dongain ; teriniiml portion, arid /, middle portion of the same, e!ihvr}.!ed ; 
g, Thurammuut //apd/ofri ; k, portion of its inner surface, enlarijc'd. 

they come up with ‘ (ilohigerina mud,’ in which spouge-s[»iculcs 
abound, whilst s;ui(hgi-ains are scarce, they are abuost entirely 
made up of the former, which are ‘ laid ’ in a sort of lattice-work, 
the intei'spaces of whicli are filled up hv fine saud-grains; hut wlieu 
they are brought up from a bottom on which sand predominates, 
tlie larger part of the ‘ test ’ is made up of ,sand-gniins and niiniUc 
t^oraminifera, with here and there a sponge-spictile (fig. 614, 
hi each case, however, the tubular exteusion.s (one of wbicb some- 
times forms a sort of probo.scis, e. nearly equalling tlie i»ody itself 
length) are entirely made up of sponge-spicules laid sidi* iiy side 
with extraordinary regularity. The genus PtkalHJamMhui (8ars) 
vosembles Sacminmhia- in the structure of its ‘ test.’ wliicli is com- 
posed of stind-graius very fii’inly cemented together ; but tbe grains 
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:uv of .snuillpr size, and they are so disposed as to present as)ii(i,,tl, 
Muface internally, though the exterior is roiigh. What is Hinst 
remarkable about this is tlie geometrical regularity of its 
which is typically triradiate (tig. 615, c), the raj’s diverging at 
angles from the central cavity, and each l>eing a tube (d) with an 
orifice at its extremity, Not unfrequently, however, it is cpiadri, 
i-ioliate, the rays di: erging at right angles ; and occasionally a liftlj 
liiy presents itself, its radiation, however, being generally in 
diftei-ent plane. The three rays are normally of equal length; Imt 
(Mie of them is sometimes shorter than the other two ; and w]K>n 
tliis is the case the angle between the long rays increases M tin* 
expense of the other two, so that the long rays lie more nearly iu a 
straight line. Sometimes the place of the third ray is indicited 
only by a little knob ; and then the two long rays have veiy neailv 
tile same direction. We are thus led to forms in which there is no 
^■e.stigo of a third iny, but merely a single straight tnbe, with an 
orifice at each end ; and the length of this, which often exceeds 
half an inch, taken in connection with the, abundance in w’hicli it 
|jreseiits itself in dredgings iu which the triradiate forms are jare. 
seems to preclude the idea tliat these long single rods are broken 
ra^\s of tlie latter. It is undoubtedly in this group that we are to 
jilace the genus Halipkysema^ which, from constructing its 4.est“ 
entii'cly of sponge -spicules, and even including these in its pseiulo- 
podial expansions, has been ranked as a sponge, although ohservation 
i)f it ill its living state leaves no doubt whatever of its rliizoixulal 
character.^ 

LituoUda. — The type of this family, which is named after it. is 
a large sandy many-eliaiabered fo.ssil fonn occurring in the chalk, 
to w’hicli the name Lituola w^as given by Lamarck, from its ivsiMii 
1 dance iu shape to a crosier. A great variety of recent forms, mostly 
olitainod by deep-sea dredging, are now’ included iu it, as bearing 
a more or less close resemblance to it and to each other in their 
c-hambci'ed structure, and in the anniigement of the sand-gvaius of 
u Inch tlieii- tests are fonned. These ginins are, for the mo.st part, 
liner than those of whicli the tests of the preceding family are con- 
.structed, and are set (so to s])eak) more aidhsticaily, and a cou- 
sideralile quantity of a cement exuded by the animal is cinjdoycd 
in uniting tliem. This is often mixed iqi with sandy particle.s of 
extreme fineness to form a sort of ‘ plaster’ with which the exterior 
of the test is smoothed off, so a.s to present quite a polished surhuv. 
It is remarkable that the cement contains a considei’able quantity 
of oxide of iron, which imparts a ferruginous hue to the ‘tests' in 
which it is largely employed. The forms of the ‘ te.sts '^ 

often simulate in a very curious way those of the simpler tyjH's ot 
the viireotifi series. Thus, the long spirally coiled undivided sandy 
tube of ^1 himocUscus is the Lsomorph o^SjnriUina. In the genus Ilojdo- 
phraymUnn (fig. 614, «, and Plate XVTTI, fig. c) w'e have singidsir 
imitations of the Olobigerine, Rotaliiie, and Noiiionine types ; and in 

1 See Mr. Saville Kent ill Tji«. 0/ Hint. ser. v, vol. ii. 1878; Proi'essor Ruy 
Laukciilei' in Quart. Journ. Mirronc. Set. vol. xix, 1878, l). 47fi ; and Professor M'ttius ^ 
Foraininifcrti von Mauritiu.% 1S80, 
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papillata (fig. 614, f/)anot less re 1 11 avkable imitation of 
tlif^ Orbnline. This last is specially noteworthy foi' the aflmii-able 
nitiimer in which its component sand-gi-ains are set together, these 
]jciug small anil very uniform in size, and being disposed in such a 
uiaTUier as to present a smooth sm-face both inside and out (fig. Cl 4, A), 
^vliilst there are at intervals nipple shaped protubemnces, in every one 
of which there is a rounded orifice, A like perfection of finisli i.sseen 
in (he test of Uorvwsma (/lohulifera (fig. 614, c), which is coinpo.sed 
of a. .succession of globular chambers rapidly increasing in size, each 
having a narrow tubular neck with a rounded orifice, which is 
[•et-eived into the next segment. In other species of the same genus 
there is a nearei- approach to the ordinary Xodosarine type, their 
tests being sometimes constmcteil wdth the regularity citaracteristit; 
of the shells of the true yockisaria , Plate XIX, ifi. whilst in other 



Fiir. lUo. -Arenaceous Potamiiiifera : a, b, exterior aiul scelional view'^ ol 
liiuojibux sabulosn ; c,Ithabdn7in,riiui i\h;jssoruin ; d, cross section of one 
of its arms; f, Bheophax scorpiunni', j\ Car^entei'i. 


ttises the cliambers are less regularly disposed (fig. 615,/). having 
rather tlie character of beaddike enlargements of a tube, w lulst their 
walls diow a less exact selection of material, sponge-spicules Iieing 
worketl in wltli the sand-gi^ains. so as to give them a hirsute aspect. 
A greater rudeness of structure slious itself in the Xodosarine forms 
of the genus Uheophax^ in wliich iiof only are the sand-grains of the 
test very coarse, but small Foramiuifeva are often w'orked up with 
tliem (fig, 615, e). A straight, many-chambered form of the same 
genus (fig. 6 15, tt, 6) is remarkable for the peculiar finish of tlie neck 
of each segment ; for whilst the test genendly is composed of sand- 
p'ains. as loosely aggregated as tliose of wiiich tlie test of AdrorJuza 
IS i.iadi* up. the graims that form the neck are firmly united by fer- 
ruginous cement, forming a very smootli wall to the tubular orifice. 

The highest development of tlie “ arenaceous’ type at the present 
time is found in the forms that imitate the very rogidar nantHoid 
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sliells, lK)tli of the ‘ porccllanoiis ’ aud the * vitreous’ series ; and tlie 
most vemarkable of those is the Cyclmmiina camelluta 
which has been bimight up in considerable abundance from dcsili^ 
i-aiigiug downwards to 1,1100 fathoms, the largest examples lil-int, 
round witliin 700 fathoms. The test (fig, 616 , a) is coniposi-,] <5 
aggregat ed sand-grains firmly oeiiiented together and smoothed ox hi- 
externally with ‘ plaster,’ in which large glistening saud-grairis aiv* 
somet inms set at regular intervals, jis if for ornament. On lavimr 
open the spire it is found to he very regularly divided into chainlH-is 
by iKirtitions formed of cemented sand-grains (^), a coinmnnicutifni 
between these chamltei'S being left by a fissure at the inner inartrin 
of the spire, as in OpercHllna (fig. 628 ). One of the most cminiis 
teatnres in the structure of this type is the extension of the cavitx 
of each chamber into ixassages excavated in its thick extio-nal wall 


“I 








rio. ()1G. — CijcudniKtiKt (‘anvclhda, sijowmg at its ex tennil aspect ; 
b, its internal structure ; c, a portion of its outer wall in section, inore 
highly iimguified, showing the sand-grains of xxdiich it is built up and 
tlic passages excavated in its substance. 

each pa.s.si»ge being survomnleil by a very regular arrangeiueui’ of 
saml-giuin.s, as shown at c. It not unfrerpientiy happens th;it the 
outer layer of the test is worn away, and the ends of tlie ptssages 
then .shotv tliemselves as pores upon its surface ; this appearance, 
however, is ahiiormal, the passages simply running from the chamber- 
cavity into the thickness of its wall, and having (so long as this is 
complete) no external opening. This ‘ labyrinthic ’ strncture is of 
great interest, from its relation not only to the similar .strucUirc 
of the l;n*ge fossil examples of the same type, but also to that xvhicli 
is presented in other gigantic fossil arenaceous forms to he pi'csently 
described. 

Although some of the nautiloid Lituol((/ are among the largest 
of existing Foraminifera, having a diameter of 0‘8 inch, tlicy arc 
luei-e dwaifs in comi»arison with two gigantic fossil forms, whose 
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^Iriictiire has been elucidated by Mi\ H. B. Brady and tha Autbord 
(leologists who have worked over tiie Greensand of Cambridgeshire 
lij^ve long been familiar with solid sphericid bodies which there 
jivosent themselves not iinfret^^uently, \’arying in size from that of a 
jiistol-bullet to that of a siiiall cricket-ball ; and whilst some regarded 
them as mineral conci'etions others were led by cei-tain appearanccvH 
present ed by thmr surfaces to sup]X)se tliem to bo fossilised sponges. 
A specimen having been fortunately discovered, however., in which 
the original structure had remained unconsolidated by mineral in- 


r 



Fic. 617.— Geiiei'ul view oj the inlctmil structure of Parkevitf ; In the hori« 
zontal section, /■’, V murk tlie four thick kvers; in the verticul 

sections A murks the intenuil surface of a layer separated by ctnicentric 
fracture ; B, the appearance presented hy a similar fnicturc passing through 
the ntdiathig processes; C, U\e result of u tangential section passing 
through the cancellated .snhstance of a lamella; D, the appearance pre- 
sented hy the external surface of a lamella separated by a concentric 
fracture which has passed through the radial processes ; E, theasjtect of a 
section taken in a radial direction, so as to cross the solid lamelke and their 
intervening spaces; o', c\ o’, successive chambers of nucleus. 

liltration, it wns snhiuittod by Pi'ofossov Morris to the Antlior, who 
was ut oiLce led hy his examinntion of it to recognise it as a member 
of the arenaceous group of Foraininifera, to which he gave the de- 
^ignation Parkeria. in compliment to his valued friend and coadjutor, 
^ll^ W K. Parker. A section of the sphere taken through its 
centre (fig. 617 ) presents an a.spect very much reseiiihliiig that of an 
thbitolite, a series of chamberlets being coneentiically arranged 
1‘uimd a ‘ nucletrs ; ’ and a.s the same appearance i.s pi'esentCii, ivhat- 
t'ver be the. direction of the section, it becomes apparent that these 

‘ See their ‘ Description of Farkcria and iu PJiihmi)?iical Tram- 

1869, p. 721. Thniigh it appeiirs couveuient to allow this description of 
to remain, it must be noted that some of tliose most competent to judge 
arc uf opinion that Ptirkerut is one of the Stvoniatoporoids, an obscure and difficult 
aroup of fossil Hydraiihi (see the mciuoir by Professor Alleyiie Nicholson, published 
m 1806 hy the Palseoiitographical Society). 
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chambevlets, instead of being arranged in successive siii.r],, 

plane, so as to form a disc, are gi-oupod in concentric sphriH. 
completely investing that which preceded it in date of foj'tniitiiin 
The outer wall of each chnjriherlet is itself |.)eneti'ated by ext(‘i)>ion.N 
of the cavity into its substance, as in the Cjjclmnmw ahAt desi-rihci) • 
and these passages are separated by partitions very regularly h^iif 
npof siind-grains, which also close in their extremities, as is >]iiav)j 
in hg, 618. 'Hie concentric spheres are occasionally separated liy 
walls of more than ordinary thiekne.ss, and such a. wall is seen iii 
fig. 617 to close in the last-formed series of chamberlets. But tlicM. 

walls liave tlie sfune ‘ labyrintliif.* 



structure as tlie thinner 
and an examination ofminioioi!> 
specimens shows that the^ aiv 
not fi»rmed at any regular inter- 
vals. The ‘ nucleus ’ is al\vav> 
composed of a single scries rif 
chambers arranged end to eu/]. 
sometimes in a straight lino. a> 
in fig. 617, c\ c^, c^, .smnetiiiiev 
forming a spii'al, and in one iie 
stance returning u]>()ii itself 
Fig (;i8.-PoLhou of one of the lamella? outermost ehamh<M- en- 

of i-’ai'ffertrt, showing' the sana-prams of , , i •. i,. 

which it is built up, and the passages extends it self ov(a'tjit' 

extending into its substance. whole ‘ nucleu.s,’ vei’v much as the 

‘ circumamhient ’ chain tier ofthc 
Orbitolitc extends itself round the primordial chamber ; and radial 
laolongations given off from this in every direction form I he Ills! 
investing sphere, round which the entire series of cnnceiitvi' 
■splieres are successively formed. Of the sand of u hieh thi.s reniaik 
able fabric is eon.strueted at)out 60 per cent, consists t)f phosidiated' 
lime, and iieni'ly the wdiole remainder of carbonate of lime. AnotlitT 
large fossil arenaceous type, constructed upon the same general jilati. 
hut growing spindly round an elongated axis, after the manner of 
Alveoirtifi (fig. 608), and attaining a length of three inches, lias been 
described by Mr. II. B. Brady (^oc. cit.) umler the name LoftiiHin. aftev 
its discoverer, the late ]\lr. VV. K. Loftus, wlio bi'ouglit it from tl *' 
Turko-Per-sian frontier, wliere specimens were found in considemhli' 


numbers imbedded in ‘ a blue marly limestone,’ probably of (Mity 
Tertiary age. 

There is nothing, it seems to the Author, more wonderfal ia 
Nature than the huildiug \]\) of these elaborate and syunneTricitl 
.structure.s by mere \ielly-specks.’ innsenting no ti’aee whatevci' (>l' 
that definite ‘ organistition ' whicli we are accu.stomed to regard :i- 
necessary to the manifestatiious of conscious life. Suppose a liiuiiiii' 
mason to he put down by the side of a pile of stones ofvarioiis sliajit:'- 
aud sizes, and to be told to build a dome of these, smootli oii 1 «'t 1) 
siirfac^es, witliout using more than the least, possiVde (piantity cl'i' 
very tenacious but very co.stly cement in holding tlie stones togcilier. 
If he accompli.she<l tliis well, he would receive credit for great in- 
telligence and skill. Yet tlii s is exactly wliat tlie.se little * jelly-stieck:- 
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,]o oil 51 most minute scale, the 'tests' they construct, when liiglily 
ijj.ijriiitied, bearing comparison with the most skilful iiisisonvy of mail, 
Fioin ih<t sctvi^' hottoni one species picks up the cohvspi' qnartZ' 
.riaiiis, unites them togetJior with a ferruginous cement secreted from 
Ps own substance, and thus constructs a iiask-shaped ‘ test/ ]iavim» 
,lK)vt neck and 51 single large orifice. Another picks up the j},u% 
l/niiiis and puts them together with the s<nne cement into perfectly 
spherical ' tests ' of the most extraordinary finish, perforated witli 
mnneroiis snmll pores disposed at pretty regular interrsds. Another 
H-lects the mnuMfii saud-grains and the terminal portion.s ol’ sjKmge' 
vjiicules Sind work.s these up together— apparently with no cement 
lit all. but by the mere Maying ’of the spicules— into perfect white 
,.|,liores, like liomceopathic globules, eacli liaving a single fissured 
uriiice. And anotlier, Avhich makes a stiniglit many-chambeiaal ^ te,st;- 
tlio conical mout h of each chamber projecting into the cavity of the 
ne.Nt. while forming the wails of its chaml)prs of ordinary s;ind-grains 
ivtther loosely held together, shapes the: conical months of tini .sue* 
nssivc clisuidier.s by firmly cementing to each oilier the cpiartz-gmins 
wliicli border it. To give these actions the I'ague desigii/ition • in- 
stinctive ' does not in the least help us to account tor them ; since 
vebat. we want is tu discover the m.p.ckaimm by wliich they are worked 
out j iUid it IS most difiicult to conceive how so artificial a selei'tion 
can be ma<ie by creature.s so simple, 

Vitrea. — Keturning now to the Foraminifera ivhicli form true 
di 4 ls hy t\\(i (^deification of the superficial layer of their sarcode- 
liodic.s, we shall take a similar general survey of the rit/'foos seiies, 
wlio.se shells are perforated by multitudes of minute foramina (fig, 
tin?), d’hus, l^pirillida has a minute, spirally convoluted, undivided 
tulie, resembling that of Cornuspira, but having its wall somewliat 
coarsely perforated by nnincnms apmtaires for the emission of })scu<lo- 
liodia. The ' monoihahunous ’ forms oftliis growth mostly belong to 
(lie family JAHjenldd, which akso contains a sm'ies of transition forms 
leading up gradationally to the ‘ ^lolytlndamcms ’ nantiloid type. In 
lAujeua (Plate XIX, figs, li, 1:5, 14 , I,i) the montli is narrowed and 
pi'olongf’d into a. tiibiihu* neck, giving tothesliell tlieforuiofa micro 
.si'opic. llask ; this neck terminates in an eierted lip, whicli is marked 
witli radiating fiirvows. A mouth of this kind is a distinctive 
charHCtcr of a large group of inaiiyoliainhei'ei] shells, of which laich 
single chamber bears a more or less dose resemblance to the simjile 
Ligena. and of which, like it, tlie external surface generally presents 
some kind of oriiaiiieiitation, which may ha\e the form either of 
inngitudiiiiil ribs or of jiointed tubercles. I'liiis the sh(‘ll of A'f/do- 
sr/r,Vf (Plate XIX, fig, m) is olivionsly made np of a suceessioii 
"1 ligeniform chambers, tlu‘ ne(‘k of eadi being received into the 
I'iivily of that which succeeds it; whilst in ('ndelln-ia (fig. 1;) 
wo have a similar succession of chambers, jiresenting I he characteristic 
radiate aperture, and often longitudinally rihhed. dispostal in a 
aainipiid s]>iral. Between XodoHtu'Ui and C/'idAlkiria, moreover, 
d'cre is such a gradational series of connecting forms as shows that 
iio essentiid diflercncc exists between these two types, and it is a fact 
"f no little interest that some of tlie simph'r of these varie(:d forms, 

;t -i 
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of which many are to bo met with on our own shores, but wliidi nre 
more abunclsint on those of the Mediterranean and especially f>f tlio 
Adriatic, can be traced backwards in geological time at least far 
the Permian etwch. In another genus, Polyrnorphhifi^ wo tii„i 
the shell to be made up of 1 age tiiform chambers arranged in a 4lni,l!k 
series, alternating with each other on the two or more sid('s df 
rectilinear axis ; here, again, the forms of the individual cli:uiil)t>]s 
and the mode in which they are set one upon another, vary in such 
a manner as to give rise to very marked differences in the gi nmal 
conliguratioii of the shell, which are indicated by the name it 
Globigerinida. — Tieturning once again to the simple ‘ inonoTluila 
rnous’ condition, we have in Orhulimi — a minute spherical sIkTI tliat 
presents itself in greater or less abundance in deep-sea droilgings. 
from almost every region of the world — a glolnilar cii:iTnlnn- uitli 
porous walls, but (lestitutc of any general ai>ortuve, the office of wliidi 
is served by a series of larger pores scattered throughout the wall of 
the sphere. It has been maintained liy .some that OrhvMna l eally 
a detached generative segment of Clohigcrina, with which it is 
generally found associated. Tlie shell of Glohigerma consists nf :,ii 
assemblage of nearly spherical chambers (fig. G19), having coav.scly 



Pig. (519. — GlobicfP.viiia buUoidcs as fieeii in tbi'ee pasitiuns. 


porous walls, and cohering externally into a more or less rcgiilitv 
turbinoid spire, each turn of which consists of four chanihcrs j>io- 
i;re.ssivelv increasing in size. These chambers, whose total iiundter 
seldom exceeds sixteen, may not cnmiiuinicaie directly' witli cacli 
other, but open .se[)arately into a common ‘ vestibule ’ wliicli occutne- 
the centre of the under siile of the spire. This type has attivicten 
great attention, from the extraordinary abundance in wliich it occins 
at great depths over large areas of the ocean bottom. Thus its niiimtr 
siielLs have been found to cAuistitute no less than 97 per ceiit. <>. 
the ‘ooze’ brought u[) from depths of from 1,*JG0 to 2,00l) ffithoins 
in the middle of the iiortbern parts of the Atlantic Ocean. Hk' 
younger shells, consisting of from eight to twelve eliamlK'ix aie 
thin and smooth, but the older shells are thicker, tlieir hin ru( 
raised into ridges that form an hexagonal areolation round 
(tig. 620) ; and this thickening is .^hown iiy examimil ion ot thiii 
sections of the shell to be produced by an exogenous deposit artanri 
the original chamber wall (corresponding with t he ‘ interiaei i.m. 
skeleton' of the more complex types), wliicli sometlme^ 
little flask -shaped cavities filled with sarcode — as was first [>oui ' 
out by the late Hr. M'allich. But the sweeping of the uppei 
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cf ocean by the ‘ tow net,’ which was systematically carried 011 
(luring the voyage of the ‘Challenger,’ brought into prominence the 
fact that these waters in all but tlie coldest seas arc inhabited by 
jioat'mg Glohigerince^ whose shells arc beset Avitli nmltitudes of de- 
"li(ate calcareous spines, which extend themselves radially from the 
lUi^les at which the ridges meet to a length equal to four or five 
times the diameter of the shell (fig. (121). Among the bases of these 
sjtiues the sareodic substance of the body exudes through the pores 
of the shell, forming a flocculent fringe around it ; and this extends 


d 



Fig. C'30 .— conglohafa iBrixdy}: 6, c, bottom specimens ; 
f?, section of shell. 

itself on each of the spines, creeping up one side to its extremity, 
ami pas.sing down the other with the imcaliar flowing movement 
already described. The whole of this sareodic extension is at once 
i‘ctractcd if the cell which holds the (dobigerina receives a sudden 
shock, or a drop of any irritating fluid is added to the water it con- 
tains. It w^Ms maintaiued by Sir Wyville Thomson that the bottom 
deposit is formed by the contiiuial ‘ raining down ’ of the (.llobigerime 
<>f the uppei’ waters, which (he aflirmed) only lire at or near the sur- 
face, and which, when they die, lose their spines and subside. The 


822. 


I^IICKOSCOPIC FORMS OF ANIMAL LIFE 


Author, lKUve\ er, from his own examination of the (^lohigeriim 
is of ot>inioiL that the slieils forming its surface-layer nmst tC 
hotUm. being incapa>)le of floating in consequence of their • 

andthat if they have passed tlie earlier part of their lives iu'tlu^ 
upper* water.s tliey drop down as soon as the calcareous deposit eon- 
tiiiuallv exuding from the body of each animal, instead of being ,.m 
ployed ni the formation of new chambers, is applied to the thiclo.,,. 
inoi^ of tlmse previously formed. That many typea of Foraminihi-j, 

-1 , , 

Fk- (HI.— G/ oti,/, riUd, 13 captured by tow-net , „f tl, ,t ....... 

iioatin- at or near surface. characters ot that gmi >. 

It grows attached hy the 
apex of its spire, and its later chambers iiu'rease rapidly in sizf\ 
and are jaled on the earlier in such a manner as to form a dcprcsstt-tl^ 
cone with an irregular spreading base. The essential charactei et 
( ilohigerina— the separate orifice of each of its chainhcrs— is here re- 
tained with a curious modification; for the central vesti hide into 
whicli they all open forms a sort of vent whose orifice m at the niiex 
of the cone, and is sometimes prolonged into a tube tliat proetn > 
from it ; and the external wall of this cone is so marke<l onl a 
septal bands tint it comes to bear a strong reseinblance to a minim* 
Jkdanns (acorn -shell), for wliicli tliis type was at first mistaken. lie 
in-incipal chambers are partly divided into chamlierlets by incomplete 
partitions, as we sliall find them to be in Ko'Joon. I he jiiCMiue 0 
sponge-spicules in large qmiuLity in the ciiambers oi manyot tii.*_ 
})est jmeserved examples of this type was for some 
lierplexity; hut this was explained by the 
Scluiltzo.'* wlio sliowed how the pseudopodia ol tins rliizopi < < 

the habit, liketlK)seof./AA//yo/5en^«, of taking 

spicules, whi(*h they draw* into the chambers, so p 

incorporated witli the sa mode- body. It should he added that in 
I Aixhiv f. 'SatHvgcsch, x\iv. 1863, p. 81. 
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tVssor Schultze, with whoiiiJJj'. H. J. OurteiV H. B. ihahy.^aiKl 
Dr. Ooes*'* !H*e in agreement, regard Cffr/jejj^eriansallied to Polyirrnio. 
Soine interesting obseio'ations lia,ve l)een inadeljv Brolessor Mohiu^j-i 
(111 ii large branching and spreading form of Carppntma which he 
recently met with on a reef near Mauritius, and to which he has given 
the name of C. rhaphidodandron. 

A less aberrant modification of the Globigerino type, liowe^ er, is 
^ireseiited in the two great series which may be designated (after the 
leading forms of each) as the Textularlan and the Rokdian. For, 
iHitwitlistanding the marked ditfereuce in their respective ]ilans of 
iirowtli, the characters of the individual chambers are the same, 
ilicir walls being coarsely porous, and their apertures being o\al, 
M:‘ini-oval, or ci'oscent-sliaped, sometimes merely fissured. In Texttf- 
laria (Plate XV [J I, fig, 5)) the chambers are arranged biserially 
along a straight axis, the position of those on the two sides of it being 
alternate, and each ehambev opening into those above and lielow it 
i.in tlie opposite side by a narrow fissure, as is well shown in sucli 

K B 



Fig. fi'i’2. — Iiiti'ninl siliciews casts repi’t'sealing Oic loniis of Uie segments of 
the animals of, A, J'c-i'i alarm ; B, HvtaVut. 

■ internal casts’ (fig. (122, A) as exhibit the forms and connections of 
the segments of siircode by which the chambers were occupied during 
life, In the genus IJtilimuia thecliainliersare so arranged as to form 
a spire like that of a Bulhiius. and (,he ajterture is a curved fissure 
u'liose direction is nearly transverse (:0 that of the fissure of Textu- 
laria ; but in tliis, as in the preceding type, there isan extraordinary 
t firiel.y in the disposition of the chambers. In both, moreover, the 
diell is often coveretl by a saridy incrustation, so that its perforations 
are comidetely iiidden, and can only l>e made visible by the removal of 
the adlierent ciurst. And so many cases are now known in wldcli 
the shell of TeMaruim is entirely replaced by a sandy test, that 
>ome systematists [irefer to range this group among the Avpi'iacm. 

In the Hotallan series tiic chambers are disposed in a turbinoid 
^pire, opening one into another by an aperture situated on thelower 

^ Amiof.9 anil Mat]. Kaf. Hist, sec, iv. vols. svii, xix. xx. 

' ‘ ChaUfager’ Itijani. 

K. Hvciinko Vet. Hautljtagar, xix. Xt>. 1 , 94, 

* See his Fovouiinifcra van ^naritius, ISHO, plates v. vi. 
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<^ik 1 inner side of the spire, as shown in Plate XIX, fig. 22, the foims 
HTid connections of the segments of their sarcode- bodies being sliowj, 
in such ‘ internal casts ’ as are represented in fig. 622, B, One 
lowest and simplest forms of this type is tkat very common one now 
distinguished DiscoThhiu. The early foimi of PlMtiorbidinfi \:^ n 
Rotaline spire, very much resembling that Discovhind \ but this 
afterwards gives place to a cyclical plan of growth, and in tliosf 
most developed forms of this type which occur in warmer seas t\. 
earlier chiimbers are completely overgrown by the Lattci’, wliich tuv 
often piled up in an irregular ‘ acervuline’ manner, spreading ovrr 
the surfaces of shells or clustering round the stems of zoophytes, 
in the genus Tinoporm there is n 
more regular grovdli of this kind, t 
chambers being piled successively on 
the two sides of the original luedini! 
pLane, and those of adjacent piles cone 
municaling witli each other obliquely 
(like those of TerUdaria) by 
apertures, whilst they eonnnunieiitc 
with those directly above uhlI be](a\ 
by the ovdinarv pca'es of the she]], 
The simple or smooth varieties (d’thiv 
genus forming the sub-genus Gf/pahw 
present great diversities of sliape.witji 
gi'eat constancy in theii' internal struc- 
ture, being sometimes sphericjd. some 
times reseiiil (ling a minute sugar-loaf, and soinetimes being irregii- 
larly ilattened out. The typical foiau (fig. 628), in which the wall> 
of the piles are thickened at their meeting angles into solid colmiii)> 
that appear on the surfiicc as tubercles, and are sometimes pro- 
longed into spinous outgrowths that radiate from the central mass, 
is of very common occuri'ence in sliore -sands and shallow-water 
dredgings on some piarts of the Australian coasts and among tlir 
Bolyiiesian islands. To the simjde form of this genus we are 
probahlv to refer many of the fo.ssils of the Ci’etivceoiis itii'l 
early Tertiarv period that have been descaihed under the irmir 
OrbiloUHa, some of which attain a very large size. Olobnlar Orhiti)- 
hnm^ whicli appear to have been artificially perforated and strung 
as beads, are not unfrequently found assodated with the ‘fiint-iinple- 
iiients ’ of gravel-beds. Another very (;urious modification ot tlu' 
Ilotaline type is preseuteii by Fcdytrema, which so much resembt‘> 
a zoophyte as to have been taken for a minute iiiilleporc, but wliich 
is made up of an aggregation of ‘ Olobigerine ’ ehamlxws coimmmi- 
cating with each other like those of TinopovKS^ and dillers from that 
genus primarily in its erect and usually hrauchiiig manner of growth 
and the freer communication hetwTen its chambers. This, again, is 
of special interest in relation to Eo'boHy showing that an indeiinitc 
zbophytic mode of growth is perfectly comiialible with truly fora- 
miniferal structure. 

In Eotalm, iiroperly so called, we find a marked advance to wan b 
the highest type of foraminiferal structure, the partitions that 



Fig. 623.— Tomjjro fcs haculaiua. 
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Jiviiie the clmmbers being in the best developed exuinjdes eomposed 
t\vo lamina?} and spaces being left l)et\veen tlieni winch give 
jKissiige to a system of canals whose general distribution is shown 
in lig. h24:. The proper W'alls of the diamlxu-s, moreover, are 
xhiekenecl by an extmncous deposit or ‘intermediate skeleton,' which 
soiiietimes forms nidiating outgit)\vths. This peculiarity of confornia' 
tion, however, is carried much fin+her in the genus whicli 

hiis been so designated 

from its resemblance to a « 

spur-rowel (fig. 629). The 
solid club-shaped append- 
iii^es with which tliis shell 
is j)rovided entirely be- 
long to the ‘ intermediate 
skeleton ' 6, which is quite 
inde[)endeiit of the cham- 
liered structure a ; aiul this 
is uourislicd by a set of 
canals {‘ontaining prolonga- 
tions of the Si\rcode-body 
which not only furrow the 
surface of these appendages, 
hut are seen to traverse 
their interior when this is 
laid open by section, as 
shown at c. In no other 
recent hiraminifer does the 
' canal system ^ attain a like 
develojmient ; and its dis- 
tribution in this iniinite 

slielh which lias l)een made out by careful microscopic study, affords 
a \'ahia1)lc clue to its meaning in tlie gigantic fossil orgauisiu 
Kicoo/i cana(knse. The re.semblanee which Calcdrina bears to the 
rudiate foi'ins of 7'idoporas {fig. 623), wliich ai'e often found with 
them in the sji me dredgings, is fre(pientiv cxtremelv striking ; and 
ill tlieir early gi-owth the two can scarcelv be distinguished, since 
k>th commence in a ‘Robdiue’ spire with ladiatiiig api^eiulages ; 
hut whilst the successive cliambei's of Calcarina continue to be 
added on the same plane, tliose of Tinoporns are heajieil up in less 
regular piles. 



Fig. -Section of Stjfnliu Schroiirytiom ncur 
its base amt panillcl to it, Nliowin^r, llic 
radialinjr in terse] dal canals; h, their internal 
bifurcations ; e, a transverse branch ;d, tulnilated 
^Yall of lire chambers. 


Certain beds of Carboniferous limestone in Ru.ssia are entirely 
made up, like tlie more modern Xumnnditic limestone, of an aggre- 
gation of the remains of a peculiar type of Toraminifera, to wliich 
the name. FmiUina (iinlicative of its fusifoi'in or spiudle-like sliapc) 
iia.s been given (fig. 625). In general asjiect and plan of growth it 
^0 much resemble.s Alveolina that its relationship to that type would 
scarcely be cjuestioned by the superficial observer. But when its 
mcutli is examined it is found to consist of a single slit in the 
miildle of the liji ; and the interior, instead of being minutely 
divided into chandiei'lets, is found to consist of a regular series of 
wniple chambers ; while from each of these proceeds a. jiair of 
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eloiigjitod extensions, which eorrespond to the * alar pi'oiongniioji^i 
of other spirally ^a*o\vmg Foraminifera, but whicli, instead of 
round the preceding whorls, are prolonged in the direction dC i]j^ 
axis of the spire, tluise of each whorl ])rojecting beyond those ni“ 
preceding, so that the shell is elongated with every increase in 
diameter. Tlius it appears that in its general plan of gvowti, 
Fumlitia bears much the same relation to a symmetrical Kotaliueor 
Nummuline shell tliat AIvcoIdki bears to Orhicidhut ] and tliis 
of its atbnities is fully confirmed by the Authors miero.sctopic rxiimi. 
nation of the structure of its shell. For although the Fusn]i„a 
limestone of Russia has undergone a degree of metimiorpliisui^ 
which so far obscures tlm tubulatioii of its component shells :is t(, 
prevent him from confidently affirming it, yet the appearanres ]ie 
could distinguisli were decidedly in its favour. And sine-f 

receiverl from Dr. C, A. White specimens from the ljp[)ei* Ctiiil 
Pleasures of Iowa, D.S.A., which are in a much more perfect slate r.f 



Fig. fi25.— Section of FamiVina limestone. 


preservation, he is able to state with certiiinty, not only that fnsnli>i(i 
is tubular, but that its tubulation is of tlm large coarse natmr (liat 
marks its affinity rather to the HotaUna than to the Atmtnnh»y 
.series. This type is of peculiar interest as Inn ing long been regmb-t 
as the oldest form of Foraminifera wliieb was known to have occurvol 
in snffithmt abimdanee to form r(x-ks by the aggi'egation of its ii>- 
dividnals. It will be iireseiitly shown, however, that in point both 
of antiquity and of importance it is far surpassed by another. 

Nummulillidse. — All the most elaborately constructed, ami tlic 
greater part of the largest, of the ' vitreous ’ Foraminifera belong t'' 
the group of wliidi tlie well-known Xummulite may be taken as the 
representative. ALirious ])lans of growth prevail in the ‘OW ‘ 
but its distinguishing characters consist in the completeness ot tlie 
wall that sui-roumls each segment of tlie body (the septa being 
generally double instead of single), the density mid fine porosit}’ o_ 
the sliell-substance, and the presence of an ■ intermediate skelctein 
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i\ ‘winal systt^Bi * fov its nutritioii. It is true tlmt those cha- 
I'.K'ters are also exliilhted in the higliest ot tlu^ lloraline series, whilst 
tlu‘V are <lefieient in tlie genus Amjihktojjina^ wliieh caniieets the 
Numituiliue stu'ies with tiie ilotaliue ; lint the occ'UrreiK'e of sucli 
i.sodilicatieiis in their l)ovder forms is common to (jther truly natui'al 
MTonjis. With the exception of Amphide<jlna, all the gtaiova of this 
i'auiih' syniiuetrical iu form, the spire being naiitiloid in such 
;i^ foilow that plan of growth, wlhlst in those which follow the 
,-velical plan there is a constant equality on the two si<les of the 
liiedian i»hine. ; but in Artvp}dsU(ji]Ki tUei'o is a revru-sion to the 
llotaliini ty[)e. in the turhiiioid form of its spire, as in the characters 
nlreadv specilled, although its general couf(]i‘mity to the Nninmuline 
rviie is such as to leave 110 reasonahle doulit as to its title to be 
|Il:\eed iu this famil}', Xotwit hstamling the want of .symmetry of 
its .s[)ive, it accords with Operodlna i\\\(\ XamhinUk^i in having its 
ehaiahevs extended by ^dar prolongations ’ o\-er each surface of 
the previous whoid ; hut on t he inider sirle these' prolongations are 
almost entirely cut 0 If from the principal chambers, amiaresodis^ 
|, laced as apparently to alternate with them in posiiion, so tliat M. 
iVdrhiguy, supposing them to constitute a distinct s(a“i('s of chamber.s, 
ilrscril)ed'^ its plan of growth as a biseihil spire, ami imule this the 
character of a separate order.' 

The existing Xmnm>Umhf‘ are fdmost cntiiady re.stricted to 
n-dpierd climates ; but a beautiful little form. PohfHtomelh. crispa, 
the repre.sentative of a genus that pi'csenls (he most regular and 
complete development of the 'canal system anywhere to be 
met wiih, is common on our own coasts. 'I'lie peculiar surface- 
marking .shown in the figure consists iu a strongly marked 
lidge-aud-fuiTow ])lication of tlie shelly wall of each segment along 
its posterior margin, the furrows being sometimes so dec]) as to 
resemble fissures opening into the cavity of the clmuilicr beneath. 
Xo such openings, however, exist, the only efmimunieation wliiclt 
the sarcode-body <if any seguieui, has with the exterior being 
eithei- through the fine tubufi of its shelly walls or through tile 
row of pores that are seen in front view^ along the inner margin 
of the .septal plane, collectively ixqjresenting a fissuri'd ajierture 
divided by minute bridges of shell. The meaning of tlo' ]plicati(>n of 
tfic slielly w'all covnes to be understood wdien we examiiu' the ccpii- 
formalioM of the .segments of the sarcode-body, which iirqv he seen 
ill tlie common Pohfsiorndla crispa hy dissolving away the shell of 
trc.sli speeimens by the action of dilute acid, but wliicli maybe better 
studied in such internal casts (fig. (bib) of the sarcodc-budy and 
niiiid system of the large I\ craticukita of the Australian emst as 
may somef.imes Vie obtained l)v the same means from dead shells 
which liave undergone infiltration with fernigiiuuissilieates.® Here 

an aecount of this curious moditicatinaof the Nunmuiliiie ptm of growth, 
tiic real n.aUiro of which was first elncidatcd hy Messrs, Parker and Knpert Jones, 
y-‘ the Author’ s in fro (far f ha i to Ihe Siiulij of i!i(‘ Fora mini (])ubLuhud hy the 

‘lay Society), 

‘ It was by Professor Elirenberg that the existence of such ‘ casts’ in the Greeu- 
Niiidsof viiricnis gechogical periods (from the Siliiriuii to tlu; Tertiary) wtis first 
I'omtcd out, in his memoir ' Peber den GriUisand und seine Erliiuteruug des 



828 


MICROSCOPIC R0R:\IS or A^’IMAL LIFE 


we see that the segments of the Siircode-body are smooth alonsr theij 
anterior edge h, b\ but that along their posterior edge, a, tluu :ov 
prolonged backwards into a set of ‘ retral processes ; ’ and then* pi 
cesses lie under the ridges of the shell, whilst tlie shelly wall 
down into the spaces between them, so as to form the furrows set-u 
on the surface. The Connections fif the segments by stolons, c. (.i 
passing through the pores at the inner margin of each septuivi. :nv 
also admirahly displayed in such ^ casts.’ But what they seiwe 
beautifully to demonstrate is the canal system, of which the (lisiip 
bution is liere most remarkably complete and symmetrical. At d 
d}-^ fZ-are .seen tliree turns of a spiral canal which passes aloiiy ore 
eml of all the segments of the like number of convolutions, whilst a 
corresponding canal is found on the side which in the figure is iindev. 
most ; 'these two spires are connected by a set of meridional CiUials. 
(pb fi-, which pass down between the two layers of the septa that 



Fig. (526,— Internal ca^t of FohjdomcUa crafiadata'. g, retral 
proceeding from the posterior margin of one of the segments ; hy h \ smootli 
anterior margin of the same segment ; c, ch stolons connecting snccessive 
segments, and uniting themselves with the diverging branches of the meri- 
dional canals ; d, iP, fP, three turns of one of the spiral canals ; c, f-i, c-, 
three of the meridional canals'. their diverging branches. 

divide the segment s ; whilst from each of tliese there passes off 
towards the surface a sei- of paii's of diverging branches, wliicii 
open upon the surface along ihe two sides of each septal band, tik* 
external openings of those on its anterior margin lieing in tlie mr 
rows between the retral processes of the next segment. These 
appear to he occupied in the living state by prolongations of the 
sarcode-body ; and the divei'ging branches of those of each couvolu 
tion unite themselves, when this is inclo.‘;ed by [iiiotber convoUitioi!. 

orgauischeii Lebeiis,’ in Abhandlunijcn der Idiidcfl. Akfid. dcr Wmettsch.ijin-. 
Berlin, 1855, It was soon afterwards shown by the late Professor Bailey {Qv(t ri. i/y'ov. 
Microsc. Sci. vol, v. 1857, p. 83) that the like infiltration occasiunally takes place iij 
recent Foraminifera, enabling similar ‘ casts ’ to be obtained from them by tlieso.n- 
tion of their shells in dilute acid ; the Author, as well as Messrs. Parker and Rupert 
Jones, soon afterwards obtained most beautiful and complete inlemal casts fnun 
recent Furaminifeni brouglit from various localities. A number of Greensands yit'I' ■ 
ing similar casts were collected on the ‘ Challenger ’ E.viieJition, the most notable fruri 
the coast of Australia, 
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the stolon processes connectinfij the successive segments of the 
j-ittcr, as seen at ch There can be little doubt that this veninvkable 
,Uu elopvncnt of the canal system has reference to the unusual amount 
(if shell -substance which is deposited as an ‘ intermediate skeleton ’ 
u]Kin the layer that forms the pro^Kr walls of the diainhers, and 



Fig, external surface and vertical and burizoiUal sections. 


which fills up with ;i solid ' boss ’ what would otherwise be the de- 
pression at the umbilicus of the spire. The suljstinice of this ‘ htiss ' 
is traversed by a set of straight oanals, which pass directly from the 
spiral canal beneath, towards the external surface, where they opmi 
in little pits, as is shown in Plate XIX, 2:1, the umbilical boss 
in I\ o'ispa^ however, being much smaller in j)roj)ortion than it. 



Fi(j. laid oppii to sliow its iuteniiil siructinv; <(, marginal 

cord seen in cross-section at (('; b, b, external walls of tlie. cluinibers; 
c, 0, cavities of the chambers; c', c', their ahir prolongations; d, f?, septa 
divided at <(' d' and at d'' so as to lay open the intPi'sept,a! caiials, the 
geiiera'l distribution of which is seen in the septa e, r : the lines radiating 
from c, c point to the secondary pores ; ry, g, non-tubular coiunins. 

IS in /^ OftiticHlata, Tliere is a gi'Ou}( of Koramiiiifera to wltich tlie 
term Xonionina is properly applicable, tliat is jirobably to be con 
•''idered as a sub-genus of PoIf/stomfiUa, agreeing with it in its general 
v-'Miform.'itioii, ami especially in the distribution of its canal system, 
hut differing in its aiievture, which is here a single fissure at the 
inner edge of tlie septal plane, and in the absence of the ‘retral 
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processes’ of the segments of the Sii re ode -body, the exteninl WidU df 
the chambers being smooth. This form constitutes ii tvansiiidu 
the ordinary Nummulinc type, of which Polystomdla is a more aljn-. 
rant mcx'lifi.c'iition. 

The Xniimiuline type is most characteristically represented ai tIh- 
pi-esent time by tlic genus Opei'cidhiu^ winch is so intimately uidtcil 
to the true Xmnintdlte by intermediate forms that it is not easy a, 
separate tlie two, notwithsbinding that their typical ("xainples 
widely dissimilar. The former genus (fig. 628) is reju’eseiited on .,„v 
(ovii coast and in northern seas by very small and feeble forms, bin 
it attains a mueh higher development in the tropics, wheiv its 
<liameter sometimes reaches one-f(.)iirtb of an inch. The shell is n 
hattenod nautiloid sp>ii'e, the hreadth of whose earlier eonvolntitjii. 
increases in a regular progression, hut of which the last eonvuliitifjii 
(in full-grown specimens) usually flattens itself out like tlint df 
Peneroplis, so as to he very much broader than the })reeeding. Tin- 
exteriad walls of the chambers, arching over the spaces between tin- 
septa, are seen at ^ h\ and these are hounded at the outer edge (,f 



each eonvoluritni by a peculiar band, 0 , termed the ‘marginal c ai’ 
This cord, instead of l)eing perforated by minute tnl>idi like tlid>r 
wbieb pass from the inner to the outer surface of the ehamber-walb 
without division or inosculation (fig, 6d2), is traversed by a sysTiaii 
of comparatively large inosculating pa.ssages seen in ci-oss-.s^'ctioi at 
a', and tbes<^ fbnii part of the canal system to b(> presently 
scribed. The }!rinci[!al cavities of tlie chambei's are .seen a1 
wlule the ‘alar pi-olongations ’ of tbo.se cavities over tlie surface "f 
the yu'ccoding whorl are shown at c', cL Tlie chambers are .siparatcil 
bv the septa f/. d. //, formed of two laminje of shell, one belougia.i: 
to each ebambor. aiid having spaces between them in wiiub lie tic 
‘ interseyital canals,’ wbo.se g('neral distribution is seen in the sc[itii 
marked c, c. mid whose smaller branches are seen irregulavly diviilnl 
in the seyita d\ d' , whilst in the septum d" one of t)ie pri]ici|'al 
trunks is laid oj cn through its whole length. At the approacli <■; 
each septum to the marginal cord of llie yamaling is seen tliy 
jiarrow fi.ssore which eonstitiiles the yirinciyial apei-tnre ofcoiiiunmi 
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between the clmuibers ; in most of tlie sejita, liowevei*. thei'C 
;nr also some isolated pores (to wl\ich the lines point tliat radiate 
Irniii e, e) varying both in number and position. The intcrse})tal 
f;,hals ofeach septum take their depnini'e at its inner extremity 
fi-. an a pair of spiral canals, of which one jiasses along each .side of 
tilt' niai’ginal cord ; and they communicate at their outer extrenutv 
witli the canal system of the ‘ marginal cord/ as slanvii in %. lidi. 
'I’lie external walls of the chambers arc eom|)osed of the same finely 
tiihular shell-substance that forms them in the Xummulite ; but, as 
ill that' genus, not only arc the septa themselveseampo.->ed of vitreous 
11011 -tuhular substance, but that wliicli lies over tliem, continuing 
them to the surface of the .shell, has the same character, showing 
itself externally in the foian .sometimes of contimnnis ridges, some- 
times of rows of tubercles, which mark the position of the septa 
hciieath. These non -tubular plates or columns are often travei'sed 
hv branches of the canal system, as seen at >j, </, Himilar columus 
nf non-tubular substance, of which tlie summits show tliemseh'Cs as 
mhercles on the surface, are not unfrequentl}' seen between the 
septal bands, giving a variation to the surfirco-marking which, taken 
iu conjunction with vai'iation.s in general coirfonnation, might be 
tairly liehl sufficient to cliavacteri.se clistinct species, were it not tliat 
oil a comparison of a ymit numher of specimens iliese variations 
:ire found to be so gradational that no distinct line of demarcation 
ran be drawn betw'eeu the individuals wdiich present tliein. 

Tlie genus X im7)uilites, thoxvfi represented at the present time 
Iw small and comparatively infrequent examples, was formerly de- 
\elo[)cd to a vast extent, the Xummulitii* limestone, chieiiy math* ujt 
hv the aggregation oi‘ its remains (the material of which the* Pyramids 
are built), forming a band, often 1 ,800 miles in breadth and fretpiently 
(tf enormous thicknes.s, that may be traced from tlie Atlantic slmres 
of Europe and Africa, through Western Asia to Xoi'tliern Imlia and 
Cliina, ami likewise over vast areas of North Amta-ica (lig. GdO). 
The diameter of a large proportion of fo.ssil Xummulites ranges 
between lialf an ineli ami an inch: Imt there are some wlioso 
(liaiiieter does not exceed ^Vdli of an inch, whilst others attain the 
gigantic dia.met.er of 4^ inches. Tlieir typical form is that of a 
double-convex lens ; but sometimes it much more nearly ajqiroaches 
the globular shape, wliilst in other cases it is very much fiattened : 
and great differences exist in tlii.s respect among individuals of what 
1 1 mst be accounted one and the same species. Although there aia* 
•mine Xummulites which closely approximate Opcrcnli'iw; in their 
liiode t,f growl h. yet the typical forms of this genus pre-ent certain 
well-marked dis^.ilJc(i^•e pe<‘uliarities, Each cimvolution is so c<mi- 
|)letely invested l)y tliat wliich succeeds it. and the external wall or 
••piml lauiina of the new convolution is so completely separated frcuu 
that of the convolution it inclo.sps by the ^alar prolongations ' of its 
own (manners (the jiecadiar ari'angeiueut of which will he pre.seiitly 
drscrihed), that the spire is scarcely if at all visible on the external 
'uvfacc. It is brought into view, huwe\ev. by splitting the Xum- 
mulite through tl\e median |.)lano. whi('h may uften be aceom- 
plislied simply by striking it on one edge wdth a hammer, the opposite 
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edge being placed on a finn supponi ; or, if this method shouM init 
succee<l, by heating it in the ikme of a spii'it-lamp, and then tlmni- 
ingit into cold water or striking it edgeways. Nummulites ii>u^iiy 
show many more turns, and a more gratUial rate of increase in tlu> 
l)readth of the spire, than Foraminifera generally: this will b(‘;n,y,.. 
rent from an examination of the vertical section shown in ii(i-. (13] 
which is taken from one of the commonest and most ch:u■:u•^(••l•i^tiy 

A 



Fig. 6:-)0, — A, piece of XKiiiDUtUtic Umestone from Pyrencc^^, 
showiiij' Xummulites hud open hy fracture through mediaii 
plane ; B, Orhif aides. 


fossil examples of the genus, and whieh shou’s no fewer than ten coino- 
Intions in a fragment that does not nearly extend to the centre of tin- 
spire. This section also shows the complete inclosure of tlio oliin- 
coiu'olutions hy the newer, and the interposition of the alaj- prolongi 
tioiis of the chambers between the successive layers of the >pi]'al 
lamina. These prolongations are variously arranged in rliffrrcm 



Fio.Col. Vertical iioctioii of portion of Nufnmnh’ies Ueviffaitf : iiiaigin 
of external whorl ; b, one of the outer row of chambers ; c, r, whorl invested 
by a ; d, one of the chambers of the fourth wliorl from the margin ; e. r\ 
marginal portions of the inclosed whorls;/, investing portions of outer 
whorl ; g, g, spaces left between the investing i^x)rtion of successive whovb ; 
h, h, sections of the partitions di\dding these. 

examples of the giuius ; thus in some, as X. dwtans, they ke<‘[i tiiriv 
own separate (‘ourse, all tending radially towards the ceiiti'c; ii> 
others, as X. Icevlgata^ their pai-titioiis inosculate with each otlier. so 
as to diviile the space intervening between each layer and the next 
into an irregular network, presenting in vertical section the 
ance shown in fig. 631 ; whilst in X. gamiisejisis they are broken 
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■, iut') a numbtjr of chamberlet^; having little or no direct coiarnuiu- 

'I'tioii vvith each other 

^otwithstitiiding that the inner chambers arc thus so deeply 


,^,1 in the mass ot investing whorls 





(>,;}‘ 2 ..^Portiou of ii thin section of Nunnnidite^ (cetigatn taken in the 
direction of the precediii;;, hij^hly ma"uified to bIiow the miimte structure 
of the shell : «, > 1 , portions oE the ordiiiary shell -sub stance traversed by 
mrallel tubnli b, h, portions foriniii" the marginal cord, traversed by 
dlver^riier and larger fcubuli ; c, one of the chambers laid oix;ti ; </, (7, ^7, 
pillars of solid substance not perforated by tiibuli. 


the sc<uneiits of sarcode which they contniiied were not cut off from 
eoimuuiiicMtion with the exterior, but that they may have retained 
their vibdity to the last. ^The shell itself is almost etery- 
where minutely porous, being ‘penetrated by prallel t ul ml i, which 
nass directly from one surface to the other. These tubes are shown, 
as divided lengthwise by a vertical section, in iig. 632, a, a; whilst 
the appearance they present when cut across in a horizontal section 
is shown in fig. 6*^13, the 
transparent shell substance 
a, ((, (( being clo.sely dotted 
with minute pnnetations 
which mark their orifices. 

In that portion of the shell, 
however, which forms the 
margin of each whorl (fig. 

/)),the tubes are larger, 
and clivei-ge from each other 
at greater intervals ; and it 
is shown by horizontal sections 
tliat they communicate freely 
with each other laterally, so 
as to foi’m a network such as 
is seen at h, b, fig. 63-1. At 
certain other paints, (L d, d, 
lig. .632, the shell -substance 
is not ]ierfov;ited by tubes, hut 

is iiecuharly flense in its texture, forming solid [ullars which seem 
to strengtlien the other parts; and in Xumiiuilites whose surfaces 
havc^ been much exposed to attrition, it commonly happens that the 
pillars of the superficial layer, being harder than the ordinary shell- 
suhstance, and being consecpientlv less worn down, are left as 

3 u 



Fi(t, 00:J, -Portion of liorizontal section td 
showing the structure of the 
walls and of tlip septa of the chambers ; 
a, a, < 1 , portion of the wail covering thiee 
cbainbers, the pnnetations of which are the 
orifices of tubiili ; b, b sejaa between these 
chambers containing canals which send out 
lateral brandies, c, r, entering the chambers 
by larger orifires, one of which is seen at 1 /. 
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prominences, the presence of which has often been aocouiji,..,] 
erroneously) as a specific character. The successive chaiQ})or> of 
same whorl communicate with each other by a passage left 

the inner edge of the jianitiou 
separates them h,i <1 t]i, 
i ‘marginal cord’ of tlie j,,.,,. 

ceding whorl ; this Jiassage j, 
■'[/ if' W sometimes a single largo livo;!,] 

J f (l jf'' ' aperture, but is iri<ivf> 

. Ul monly formeil by the iiioi-e 

• |L • less complete coale>(’(‘nce nf 

several separate pe!fnratioi„_ 

w ' ' I r If 

\\ ' • 1 ' ' •• • ■// OjWi'i'Ilnii. 

I variable number of i>olath.l 

li /f / pores in most of lla* se|.T,t. 

jh // -j forming a secondary ine:ins uf 

communication between lii,. 
Fi(i. 634 .— Internal east of two of the eliam- chambers. The Caual sV.stfU. 
hers of sh’iata, with the of tniimullt&S seems Toht*iii- 

network of canals, ?>,_in the marginal upon essentiallv llu- 

cord coinmuniciiting with canals passing » 4.1 + . 

between the chambers, P^an as that ol Oy.v 

Cidlna ; its passages. li(iw<*\i-r, 
are usually more or less obscured 1 )Y fossilising material. A caietii] 
cxaTniiiatioti will generally disclose traces ol them in the miilille .n 
the partitions that divide the chambers (fig. 633 , h, h), wlnlc iniin 
these ma v be seen to proceed the lateral bramhes (r, c), uliicli. atu-i 
burrowing (so to speak) in the walls of the ehambers.^ eutei' tln'in 
by large orifices (^^). These ‘ interseptal canals, and theii (uiiiiinitii- 
eation with the inosculating system of pass^tges exeat atnl in tIu 

marginal cord, are oxtirmrlv 
well seen in the ‘ intenial r;»>i 
I'Cpresented in fig. 631 . 

A very interesting iiuxlit 
(‘ation of the Ximiniiiline tyj>r 
is presented in the geius 
Heterosteijma (fig. f> 35 ). wliid 
bears a very strong reseralibiio* 
to Orhk^iUiia in its jijaii it 
growth, whilst in every otlirv 
resj)eet it is essentiallv tlif- 
ferent. If the principal cluiiii- 
bers of an Operci>ln>n \utc 
di\ ided into chamberlets ly 
secondary partitions in a dim- 
transverse to tluit 
Fm.^'db.—Heierofitegina. principal septa, it vvonliM't' 

eonvei'ted into a 

just as a Feneroplis would be converted by the like 
an Orbietdma. Moreover, we .see in Neterostegina, as m 


a great tendency to the opening out of the spire 


ce with the advance ot 
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; so that the apei-tmal margin extends round a laroe mrt „f tl,„ 
diell. wliieh thus tends to beeome diseoidal. And itU not a 1 tt]! 
,,„.i„us tliat we have m this series anotlier form, Cjcforfy,,,™,,, whH 
iHors «actly the ^me relation to //rfemfeyi,«i that OrLlL does 
in beiiig eons ructed u,x,„ tlie eychW plan from the 
„„„„e, .cement, its chamber! ets being arranged in rings around a 
chamber This remarkable genus, at present only known in 
rl,e recent condition by specimens dredged at consideinhle dcDtiis 
tn.iii the cm^t of iJorTieo and at one or two points in the Western 

I^iriho isperhaps^ tlie largest of existing Foraminifera, some sneri^ 

iiu-ns of jfis discs m the British Miisenm having a diameter o/two 
and a quarter inches. Notwitlistauding the difference of its nlaii 
,if ^zrowth, it so precisely accords with ^ ' 

ilic Xnmmuline type in every cha- 
rterer which e.ssentially distinguishes 
the genus that there cannot be a 
(loiihr of the intimacy of tlieii- rela- 
Timiship. It will be seen from the 
examination of that portion of the 
tigiire which shows (Ujclochipms in 
\erfic:d section tiiat the soliil layers 
Mf‘ shell hy wliicli the chambered por- 
tion is inclosed are so niucli thicker, 
ami consist of so many more lamellje 
ill the central portion of the disc 
ihan tliey do nearer its edge, tliat 
new laiiiellie must be progress! \-elv 
mlded to the surfaces of the disc 
emiciii-reutly with the addition of new 
lings lit cl'iainherlet.s to its margin. 

'I'lu'se laniellie. however, are rlosely 
ajijilied (me to the otiier without any 
iiiterveiiing .si«ice.s ; and they are all 
traveised liy coliiiiuis of non-tubular 



'stance, wliicli 


-Section of 

U) tliR surface, 
a, the superficial 
t, the median 


spring lV(.)in the 1*'^’'’''^'' ... 

>cptid liands, and gimUially increase 
>1' 'haiJieter wil.ii their apjiroaeh to 
t le surface, from which they project, in the central portion of the 
'tiM' as glistening tubercle, s.^ 

, . ^"'iinmnlitie limestone of certain localities {as the sonlh-west 
' ^d.liern fiei'inaiiv, Xorth-Eastern India, itc.) confains a 

!J>r aiamdauce of diseoidal bodies termed OrhHohUs (fig. m, B), 
hut Vm *'t! "mmulites as to have lieen taken fur tiieni, 

ace " closer resemblance to ^/jclocbjjms. These 

^ he 

^'xaiiiination of .sections thin enough to be tinn.s- 
.-liccif - r. (^vhich vary in size, in dilferent 

i-ven t - ''!T ^ fourpenny-piecc to that of half a crown or 

^ ‘ i) Is rubbed down so a,sto display its infernal orgaiiisiition. 

hVai frr. *i^^'’d\vurf eineft iiatiirlicheii Systeims der Tlialiimophoren ’ 

itfi/eii. 18 P 1 , .^21 is rliiefly liased on iiaUeontolo^ical oonsidenitions. 

3 II 2 
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two different kinds of strucfciive are usually «ften in it, oni- 
composed of chamberlcts of very definite form, quadrangular in siiihh 
species, circular in others, arranged with a general but not raiistauj 
regularity in concentric circles (figs. 686, 637, h)\ il»e otlit.-r. 


a b 



Fic. 6-37.— Portions of lUe Hcclioii of Orbifoiih'S Fortinii, «hown in tij;. GSO 
more highly magnified ; 0 , buperfieial layer ; b, inedian layer. ’ 

transparent, being formed of minuter cliamberlets which inve 
such constancy of form, but which might almost be taken for tlit- 
pieces of a dissected map {a, a). In the upper and lower walls <,)' 
these last, minute punctations may be ohseia-ed, which seem to t,. 



Fio. C38. — Vertical section of OrbitobJes Fotihii^ slunvingthe Urge 
central cliamber at (t, and tlie median layer snrrounding it, 
covered above and below by the superficial layers. 


the orifices t>f cuunecting tul)es wdiereby they are ]>ei-forateil. Tla 
relations of these two kinds of .structure to each other are iinnir 


evident by the examination of a vertical section (fig. fi3H). whicL 
shows tliat the [lortion h, figs. 636, 637, forms the median jilaiir. 
its concentric circles of cliamberlets being arranged round a 
central chamber, as in C i/cloch/pet's ; whilst tlie chamlievlets of tV 
portion a are irregularly su[)Cijioi;(*ibiiir 
upon the other, so as to form s(-vh;i’ 
la} ers wliich are most numerous tiavaidf 
the centre of the dise. and tliin iiwsiy 
gi'aduallv towards its margin, I’luMliv 
position and connections of the chiiiu- 
l>erlets of f,he inedian layer in Orbil'H'b' 
seem to cai'respond \'ery cloMiy 'vi;ii 
those wliich have been already di‘svrit!t‘'i 
a.s prevailing in Cpclocl>fpe>i$. llir 
satisfactory iiidication.s to tln> ♦■fti'i'i 
lieing furnished by the silicious • 
ca-sts’ to he met with in (‘ertain (hvdi- 
sands, whicii afibrd a model «'t tlit' s'l 

code-Iiodv of the animal. In ■' 



FlCr. fidf), — Infcftriial cast nf pnr- 
tiou of median plane of Orhi- 
toides Fortisii, showing, at 
<i 0 , «' a, a'\ six cliainbers 
of each of three zones, with 
their mutual coiamnnications : 
and at b ft, ft' ft', ft" ft", portions 
of three annular canals. 


fragment (fig. 639) wo recognise the chaiulierlets of three .siuvesscv 
zones, a, each of winch seems normally to comnmnicurc 

one or two passages with the cliamberlets of the zone intei'inil .'tii') 
external to its own ; wiiilst between the cliamberlets of rlie snin- 


KOZOOX 


B37 

tliere seems to be no direet ctonneetion. They are l)i'onght into 
j-td.-ition, however, by ineans of annnlar canals, which seem t(* repre- 
>,nr the spiral canals of the Xummulite, and of which the ^ internal 
cLts- are seen h[' h». 

A most remarkable fossil, referable to the fna mini feral type, 
^v;j> discovered in stiata much older than the very earliest 
tliat were previonsly known to contain organic remains; and the 
(letcrni illation of its real character may be regarded as one of 
tlie most interesting results of microsc-opic* rc'searcli. This fossil, 
which has received the name EorMn camdens^, (fig. 040), is found 
in beds of Sei'pentine limestone that occur near the base of the 



Flo. 040.— Vertical bcetioji of Eo".w.<n i'unadvnHt', iiliowiiig alterimlion of 
caleareoas lUghti ami scrpejitiiiuus (darki lamelke. 

Laiircntian formation of Canada, which has its parallel in Eurojje in 
die • fundamental gneiss’ of Bohemia and Bavaria, and in the very 
curliest stratified rocks of Scandinavia and Scotland. These beds 
are found in many parts to contain masses of considerable size, hut 
nsually of indeterminate form, disposed after the manner of an 
ancient coral reef, and consisting of alternating layers—frequeiitly 
m.uiihering from 50 to 100— of carbonate of lime and serjientinc 
{silicate of magne.sia). The legulaiity (^f this alteciiation and the 
fact that it presents itself also between other calcareous and i^ilicioiis 
smnerals having led to a suspicion that it had its origin in organic* 
structure, thin sections of well-presei'ved specimens were subunUed 
to microscopic examination by the late Sir AV. Dawson, of ^tonireal, 
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who at oiioe recognised its foraminiferal nature/ the mk'hro,,^ 
layers presenting the chai'aotei’istie appeai-ances of true shell. s(t 
posed as to form an irregularly chamWed structure, and fieqiuntlv 
traversed b}’' systems of I'amifying canals corresponding to rif 
Calcarina ; whilst the serpentmo^is or other silicious la} ei-s were 
regarded by him as having been formed by the infiltration nf sili. 
cates in solution into the cavities originally occupied by the suicmlt-. 
body of the animal--a process of w'hose occurrence at various ^pu. 
logical periods, and also at the present time, abundant evidence 
already tree n a ddticed. Having himself taken up the inveslio^ntidn 

(at the instance of Sir William Logan), the Author was not oidv able 
to confirm Hr, Daw'son’s conclusions, but to adduce new and iin- 
jxrrtant evidence in support of them. ^ Although thi.s determiuaiioti 
has been called in question, on the ground that some reseniblauee tu 
the supposed oi-gaiiio structure of Eozdon is presented bv bodies ut' 
purely mineral origin,'^ yet, as it has been ma'-epted not only 
of those whose knowledge of foraminiferal structure gives weight tu 
their judgment (among whom the late Professor Max Scinilt/e miu- 
be specially named), but also by geologists w'ho have speciallv 
studied the mici'o-minei'alogical structui'e of the older Metiuaoipiiic 
rocks/ the Author feels justified in here describiiig Kozoon ;i> 
he believes it to have existed when it originally extended 
an animal grow'th over vast areas of the sea-lx)ttom in the LinirentiiOi 
eiKicli. 

Whilst essentially Ijelonging to the Xummuline group, in viitiU' 
of the fine tubulation of the shelly layers forming the ‘ proper wulL 
of its chambers, Eozdon is related to various types of recent Foiii 
minifera in its other characters. For in its indeterminate zdophytif 
mode of growth it agrees with Pohjtrema in the incomplete sepimi- 
tion of its chambers ; it has its parallel in Carpenterla - ; w]iil.''t in tin- 
high development of its ‘intermediate skeleton ' and of tlie '("111:11 
system ’ by wliieb this is formed and nourished, it finds its neavor 
representative in (Jalcanna. Its calcareous layers were so super- 
posed one upon aiiothei- as tn include hetw'een them a succession 

^ Tills recognition was due, as Dr. Dawson has explicitly stated in his original 
memoir {Qunri. vf GcoL Soc. vol, xxi. p. 54|, to his acquaintance, not merely 

with the Author's previous researches on the minute structure of the FoTaiihiiifer;!, 
hilt with the spiecial characters presented by thin sections of CuU-arinn wbldi hail 
been transmitted to him by the Author. Dr. Dawson has given an accoimt of tlie 
geological and mineralogical relations of E(mk)ii, as well as of its organic stnu-tarf'. m 
a small book entitled The Dawn of Life. 

- For a fuller account of the results of the Author’s own study of Kvinoii. iUidoJ iln* 
basis on which the above reconstruction is founded, see his papers in Qiiai'f. •/"foir. 
of Geol, Soc, vol. xxi. p. fiO, and vol. xxii. p. 213, and in the Inlellcritail 
vol. vii. 1860, p. 278; and lii.s ‘Further Researches’ in An?;. <f ifi.d. . luuclSil. 

^ See the memoirs of Professors King and Rowney in Quart Janru. oi tm- ■ 
vol. xxii. p. 185, and Ann. (f Kat. Hint. May 1874, _ . t- i- 1 . i 

‘ Among these the Author is pennitted to mention Professor Deikic, ot Edmlurgn. 
who has thus studied the older rocks of Scotland, and Professor Bonney of homu'U; 
has made a like study of the Cornish and other Seri)eiitines. By both these 
authorities he is assured that they have met with no purely mineral slrni tni't’ ji: ■ 
least resembling £ 0 ^- 00 », either in its regular alternatiou yf calcareous /‘/IL ' 
tinous lamellflp, or in the dendritic extensions of the latter into the foruicr ; iH'y" ‘ 
they accept as entirely satisfactory the doctrine of its organic origin 
the Author, they find themselves unaVde to conceive of any inorganic agency 0 '' 
such a structure could have been produced. 
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„f •storeys’ of chambers (%. 641, A^, k\ A^, A^), the chaml)ers 
of ‘storey^ usually opening one into another, as at «■, a, lik(^ 
^-tiiieuts en but being occasionally divided by complete septa, 
Hs at h, b. These septa are traversed by passtiges of communication 
lKt\' cen the chambers which they separate, resembling those whicli, 
in L-xisting types, are occupied by stolons connecting together the 
^emnents of the aarcode-body. Each layer of shell consists of two 
liiadv tubulated or ‘ Numnmline ’ lamella^, B, B, which foiin tlie 
iiouudiiries of the chambers beneath and above, serving (so to speak) 
•(S the ceiling of the former, and as the Jloov of the latter ; and of 
an intervening deposit of homogeneous shelbsuhstance 0, C, which 
constitutes the ‘ inter- 
mediate skeleton/ The 
tubidi of this *Nnm- 
iiiuline' layer (fig. 643) 
are usually filled up (as 
in the Nuinmulites 
<tf the ■ Kummulitic 
limestone ’) by mineial 
itifiltnition, so as in 
fniiisparent sections to 
present a fibrous ap- 
pearance ; but it for- 
tunately liappens that 
through their having 
ill some cases escaped 
infiltration the tubu- 
latioii is as distinct 
as it is even in recent 
Xuiiimiiline shells (fig. 

G43). hearing a singu- 
lar resemhlance in its 
ocftisional waviness to 
that of (lie cralfs claw. 

The thickness of this 
interposed layer varies 
consiiierablv in differ- 



Fk;. Cn.— Ponion of the calcareous shell of 'EozHm 
canadensc as it would appear if the serpentine 
that fills its chambers were dissolved away : A‘, A>, 
chambers of lower storey openinf^ into each otlier 
at 0,0, blit, occasionally separated hy a septum, 
fi, & ; A> A-, chambers of ujiper storey ; B, B, 
proper ivalls of the chambers, formed of a finely 
tubular or Numinuline substance; C, C, inter- 
mediate skeleton, occasionally traversed hy lar;re 
stolon -passages, D, connecting the chambers of 
different storeys, and penetrated by the arbores- 
cent systems of canals, E, E, E. 


eiil [lartfi of the same mass, being in general greatest near its 
base and progre.s.sivelv diminishing towards its up])er surface. 
The ‘ hitermediatc skeieton ’ is occasion ally traversed by lai'ge 
p!is.siiges (l))j which seem to establish a connection between the 
siu'cvssive layers of chambcis ; and it is penetrnteil by arborescent 
>ysteiiis of canals (E, E), wliich are often distributed both so 
<‘Xtcnsively and so minuteh’ through its substance as to leave 
very little of it without a brancli. These canals take their origin, 
not directly from the chandlers, but from irregular laennee, or 
iutersjiaces between the outside of the proper chamber -walls and 
the • intermediate skeleton,’ exactly as in ('alcanna, the exten- 
dons ()f the sarcodc-body which oecupietl them having apparently 
heen formed by the coalescence of the pseudopodial filaments that 
i«issed througli the tubulated laniellie. 
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in the fi^ssilised condition in which Eozdon is most cm!n!)()]^] • 
found, not only the cavities of the chambers, but the canal 
to their smallest ramifications are filled up by the silieion.s iijfiin-.,'' 
tion which has taken the place of the original sarcoded)ody. as in t)',p 
cases already cited, and thus when a piece of tliis fossil is sultjoi-fp,] 
to the action of dilute acid, by which its calcareous portion is i]\^. 
solved away, we obtnin an ■mternal cast of its chambers and (anal 
system (fig. 642), which, though altogether dissimilar in nrr(tn<i, „.rhi 
is essentially analogous in ^.aracter to the internal casts’ vejtie- 
sented in figs, 622, 626, This cast presents us, therefore, wirl) ;] 
viodd in hard serpentine of the soft sarcode-body whicli oriifinallv 
occupied the chambers, and extended itself into the ramifying Ciunfis 
of the calcareous shell ; and, like that of Folystomdla, ft alfoi-d.., 
even more satisfiactory elucidation of the relations of these pavt,: 
than wo conld have gained from the study of the living organism 



Fm. 1)42.— Deealoified portion of L'or.(jon niniiilrusc sluill, showing thr scr- 
]ientinoiia intevnuJ cant of the ohainliers, canals, and tnbiiliof the original, 
presenting an exact model of the animal substance which originullv filkd 
them. 

AVe see that each of the layers of serpentine, forming the lower ]iari 
of .such a specimen, is made up of a number of coherent segment 
which have only undergone ‘-i [mvtial sepration ; these appear t" 
have extended themselves horizontally without any definite liaiii. 
hut have here and there developed new segments in a vertical direc- 
tion, so as to give origin to new layci's. In the spaces between tlies' 
successive layers, which were originally occupied hy the calcarcotb 
sltell, we see the • internal casts ’ of the branching canal sy.-teni. 
which give us the exact models of the extensions of the sarcoilc-toily 
that originally passed into them. But this is not all. In s]K*ciincrs 
in w’hich the Kummuline layer constituting the ‘ pro})er wall of dir 
chambers was originally well preserved, and in which the decalcifying 
process has been carefully managed (so as not, by too riijiidan evolu- 
tion of carbonic acid gas, to disturb the arrangement of tlm serpen 
tinous residuum), that layer is represented by a thin white fihn 
c'overing the exposed surfaces of the segments ; the superficial asj'ert 
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of which, as well as its sectional view, is shown in %, 642. And 
when this layer is examined with a suhicient niAgnif\’ing power it is 
found to consist of extremely minute needle-like ftlnes of .serpent ine. 
wliioh sometimes stand upright, p<amllel, and almost in contact with 
each other, like the fibres of asbestos (so that the film which tliey 
Ihvm has been termed the asbestiform layer ’). bx\t which are fre- 
quently groxiped in converging brush-like bundles, so as to be very 
close t) each other in certain spots at the sxirface of the film, wliilst 
widely separated in others, tliese fibres, whicli are Ies.s than 

roooTith of an inch in diameter, are the ‘ internal casts ’ of the tubuli 
(ifthe^^Tummuline layer (a precise parallel to them being presented in 
the ' internal cast ' of a recent AmphistE(jina which was in the Author’s 
jtossession) ; and their airangemeiit presents all the varieties which 
liave. been mentioned as existing in the shells of Opi^rcnUnu. Tims 



Eio. 6io. — Vertical section of a ]^)ortioii of one of the calctvrcnns lainelltc of 
Eozvoii c(Out(Ji’iiHe : a <(, Xammoline layer perforated hy parallel luhull, 
wliic-U show a flexure along tlie line o' n'; b('neath this is seen the inter- 
mediate skeleton, c, c, traversed tiy the large canals, fy, 6, and by ohlupie 
cleavage planes, which extend also into the Xnnnnniine layer. 

these delicuto and beantifid silicious fibres represent thoK(‘ jmiido- 
podial threads of sarcode which originally traversed the mimitely 
tuhuiar walls of the chambers ; and a precise model of the most 
ancient animal of which we have tniy knowledge, notwithstanding 
tile extreme softness and tenuity of its substance, is thus pvesenteil 
to us with a completeness that is scarcely even ap}iroaehed in any 
later fossil, 

•In the upper part of the ‘ decalcified ' .specimen shoxvn in fig. 642 
it 's to be observed that the segment s are confusedly heaped together 
insteail of being regularly arranged in layers, llie hmellated mode 
of growth having given place to the acervdhm. This change is by 
no means uncommon among Fora mini fera. an irregular piling 
together of the chambers being frequently met with in the later 
growth of types whose earlier increase takes place upon some much 
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more definite plan. After what fashion the earliest development 
Eozooti took place, we have at present no knowledge whatever; I mi 
ill a ipiiiig specimen which ha^ been recently discovered it is obvious 
that <*a{di successive ‘ storey ’ of ehambers was limited by the closin«' 
in of the shelly layer at its edges, so as to give to the entire fabric a 
definite form closely resembling that of a straightened PenerdpUx; 
Thus it is obvious that the chief peculiarity of Eozoon lay Iq 
capacity for bulefinite exte/)mi()n^ so that the product of a single germ 
might attain a size comprrablc to that of a massive coi-al, Nou'this. 
it will be observed, is simjdy due to the fact that its increase by 
gemmation takes place continuously^ the new segments successively 
budded off remaining in connection with the original stock, instead 
of detaching tliemselves from it as in Foraminifera generally. Tims 
the little Olohigerina forms a shell of whicli the number of chairil>ers 
<loes not usually seem to incre^isc beyond sixteen, any additional 
segments detaching themselves so as to fonn separate shells ; but 
the repetition of this multiplication the sea-bottom of large arciis of 
the Atlantic Ocean at the present time has come to he covered with 
accumulations of (ilohiyerinfe, which, if fo,ssilised, would form beds of 
limestone not less massive than tliose whicli have had their origin in 
the growth of Eozoon. The difference between the two modes of 
increase may he compa rerl to the difference hetw^een a herb and a 
tree. Fur in the herb the individual organism never attains any 
consideiable size, its extension by gemmation being limited ; though 
the aggregation of individuals produced by the detachment of its buds 
(as in a potato -field) may give rise to a mass of vegetation as great 
as that formed in the largest tree by the continuous putting forth of 
new buds. 

It has been hitherto only in the J^iurentian serpentine lime- 
stone of Canada that Eozoon has presented itself in such a state of 
preservation as fully to justify the assumption of its organic miture. 
But from the greater or less resemblance which i.s presented to this 
by SGi'pentine-limestones occurring in various localities among strata, 
that seem the geological equi^’alents of the Canadian Laurentians, it 
seems a justifiable conclusion that this type v'as very generally dif- 
fused in the earlier ages of the earth's history, and that it had a 
large (and piobahly the cliief) share in the production of the most 
ancient calcareous strata, separating carbonate of lime from its solu- 
tion in ocean water, in the Sfimc manner as do the polypes by wliose 
growth coral reefs and islands are being upraised at the present time. 

An elaborate work, ‘ Der Ban des Fjozoon Canadense' (1878), 
has been recently publislmsl by Professor Mbbius, of Kiel, in which 
the structure of Eozoon i.s compared w’ith that of various types of 
Foinminifera, and, as it differs from that of every one of them, is 
affirmed not to he organic at all, hut purely mineral. Upon tiiisthe 
Author would remark, that if the validity of this mode of reasoning 
be admitted, any fossil whose .structure does not (“orresjwnd with that 
of some existing type is to W. .‘similarly rejected. Thus the Stroum- 
topora of Silurian and Devonian rocks, which some paljeontologists 
regard as a coial, others as polyzoary, others as a calcareous sponge, 
and other.s as a furaminifer, would not he a fossil at all, because it 
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, differs ft'om every known living form. Yet the suggesstion that it i.s 
of mineral origin would be scouted tis al isurd hy every paheontologist. 
Agiiin it is urged by Professor Mbbius that as the supjiosed oanal 
.•vvstem of Eozbon has not the constancy and regulai'ity of distribu- 
tion which it presents in existing Foraminifera, it must accountt'd 
;i mineral in^tratioii. To this the Author would reply- (l)that 
a prolonged and careful study of this ‘cat ail system,’ in a gi-eat 
variety of modes, with an amount of material at his dis[Kisal many 
rimes greater than Professor Miiltius could commtiml, lias satisfied 
him that in well-preserved specimens the cauiil system, so fir from 
hoing vague and iiulelinite, has a very regular plan of distribution ; 
(•2) that this plan does not ditter more from tlie arrangements 
characteristic of the several types of existing Foraminifera. thati 
these differ from each otlier, its (jemrnl conformity to them being 
such as to satisfy Professor Max Hchultze (one of the ablest students 
of the group) of its fora mini feral character ; and (3) that not only 
does the distribution of the canal system of Eozbon differ in certain 
essential features from every form of mineral infiltration liitherto 
brought to light, but that canal la no respect differing from 

mch other iti disinbutlon. an ocenpied by different miimrals; ti fact 
which seems conclusively to point to their pre-fl.ristenca in tlie cab 
careous layers, and the subsequent penetration of these minerals into 
the passages previously occupied liy sarcodc- -precisely as has 
liappened in those ‘ internal casts ’ of existing Foramiiiifera which 
Professor 51 iihi us altoget her ignores. 

The argument for the fovaminiterai nature of is essentially 

a cumulative one, resting on a number of independent prohahiliiies, 
no one of which, taken separately, has the cogency of a proof \ yet 
the accordance of them all with that liyjxtthesis has an almost 
<lemoiistr:itive value, no other hvpotliesis accouiiiirig at once for the 
whole assemblage of facts. ^ 

Collection and Selection of Foraminifera.— Many of the Fora- 
uiiiiifera attach themselves in the living state to seaweeds, zoophytes, 
A’c. ; and they should therefore he carefully looked for on such 
bodies, especially when it is desired to observe their internal organi- 
sation and tlieiv habits of life. Tlicy are often to lie collected in 

* The above account of Eoziiofi is allowed to stand as Dr. Carpenter’s name has 
hccoiiie so intimately coiincetcd with the view, now not <'ommonly held, that the body 
has an animal origin. It may be noted that Prot. J. W. Gregory, wim hasliad an 
opportunity of examining the so-called Tudor specimen of ivo.-oo)!. coinnimucated 
to the Geological Society, on March 11, 1S91, a paper, of which the following is an 
iibstr.ui 

After careful examination of all the slides ami figures, mui after consideration of 
Sir W . Dawson’s interpretation, the author is absolutely unable to recognise in the 
specimen any trace of the ‘ iiroper wall,’ ‘ canals,’ or ‘ stolon [lassages/ winch are 
claimed to occur in or any reasons for regarding the caleite bands as the 

‘intermediate skeleton’ of a foraminifer, 'I'liei'e are points in Bir W. Dawson's 
figure which might pass as ‘ stolon passages,’ but they appear very different in a 
pliotograph, and the spcoiinen agrees with the latter. The anthor, however, gives 
reasons for concluding that the ease against the organic origin of the Tudor specimen 
dices not rest 011 negative evideneo alone i for, though the rook is imich contorted, the 
twin lanieilie and cleavage-planes of the ealcite are not bent ; and the fact that the 
ci-ystaliinc bauds cut across the bedding-planes further shows their secondary origin. 
The rock iu which the specimen was found is not ‘ Lower Lanventian,' and is included 
by Messrs. Selwyn and Veiinor in the Hnroniaii. 
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mueli liirger numbers, however, from tlie sjin<l or mud. clredof.,] 
from the sea-bottom, or even from that taken from between tiilt*. 
inarks. In a paper containing some valuable hints on this sul)jrH t i 
Mr. Legg iiienlions that, in walking over the Small-juout]) SihkI 
which is situated on the north side of Portland Bay, he obsn \ ,.,i 
the sand to be dLstinctly marked with white ridges, many 
in length, running piirallel with the edge of the water ; ajiil iijinu 
exjimining portions of these, he found Foraminifera in eonsidyijddt. 
abundance. One of the most fertile sources of supply that our own 
coa.sts afford is the ooze of the oyster-bed.s, in which large ninnlieis 
of living specimens will be found ; the variety of specific Ibrnis. liow- 
ever, is usually not \'ei'y great. In separating these bodies from tlu- 
pai‘ticles of sand, mud, ibc., with wliich tliey are mixed, vaiioiis 
methods may be adoptetl in order to shorten the tedious labour of 
picking them out one by one under the simple microscope ; and tlu- 
choice to be made among these will mainly depend upon the <‘on(li- 
tion of the Foraminifera, the importance (or otherwi.se) of obtaininir 
them alive, and the natui'e of the substances with which they arc 
liiingltMl. Tims, if if he ilesired to obtain lirivfj specimens from tlit 
oyster-ooze for the examination of their soft paits, or for preservation 
in ail aquarium, much time will be saved by stii'ring the imnl (whii,-li 
sliould he iakeii from the surface only of the deposit) in a jar witli 
water, and then allowing it to stand foi* a few moments; for the 
finer }uirticle,s will remain <liffused through the liquid, ivliile tlic 
coarser will subsiile; and, as the Foraminifera (in the present ca.se) 
will be among llie heavier, tliey will be found at tlie bottom of the 
vessel with comparatively little extraneous matter, after tliis opera- 
tion lias been repeated two or three times. It would always be well 
to examine fJie fii-st deposit) let, fall by t,he water tliat lias been 
poured away, as this may contain the smaller and lighter foriii.'i of 
Foraminifera, But su])] losing that it be only <le.sired to obtain tin- 
(lead shells from a mass of sand bi’ought up by the dredge, a veia 
different mctliod should be adopted. The whole mass should In* 
expo.sed for some lioui'S to the heat of an oven, and be turne<l ovt'i 
several times, until it i.s found to have been tiiorougldy dried 
throughout; and then, after being allowed to cool, it should he 
stirred in a large ve.ssel of water. The cliambers of their shells 
being now occupied l)y air alone (for the Ixidies of such as werr 
alive will have shrunk up almost to nothing), the Foraminifera will 
be the lightest portion of the mass ; and they will be found floating 
on the water, while the particles of siiiid Aa*. subside. Another 
method, devi.sed hy Mr. Legg, consists in taking ad\’antage of the 
relative .sizes of different kinds of Foraminifera and of the substances 
that accompany them. This, which is especially applicable to the sand 

and rubbish obtainable from sponges (which may be got in large quan- 
tity from the sponge-merchants), consists in sifting tlie whole aggre- 
gate through successive sieves of wire-gauze, commencing with one 
of ten wires to the inch, which will sepai’ate large exti'aneous ])article.><. 
and proceeding to those of twenty, forty, seventy, and a huuilred 
wires to the inch, each (especially that of seventy) retaining a much 
^ Trans, of Microsc. Soc. ser. ii. vol. ii. 1854, p, 19. 
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Uv^ev proportion of fovaminift^nU shells tli:ui of the uccompauyiiig 
articles ; so that, a large portion (tf the extraneous matter being thus 
o-ot vnl of, the final selection becAimes comparatively easy. Certain 
forms of Foraminifera are found attaelieilto shells, especially Ihvalves 
(^lU'h as the CkaMid(v) with foliateil surfaces ; mjkI a careful exami- 
nation of those of tropical seas, when bro\iglit home Mn the rough/ 
is almost sure to yield iuo.st valuable results. The final selection of 
sjieeimens for mounting should always be made undersfmicapjiropriate 
tbrin of single mic*rose.ope, a fine eamcMiair pencil, with the point 
wetted between the lips, being the instrument which may be most co)i- 
veniently and safely employed, even for tlie most delicate s])e('imens. 
In mounting Foraminifera as microscopic objects the method to he 
adopted must entirely depend upon wliether they are to he viewed 
Ijy trammitted or by rpfiected light. In the fi)rmer case they should 
be mounted in Canada l)alsam, the varioms ju’ecautions to prevent 
the retention of aii'-bnlddes, which have been already described, being 
carefully observed. In the latter no plan is so simple, easy, and 
effectual as attaching them with a little gum to wooden slides. 
They should loe fixed in various positions, so as to }»reseiit all 
the different aspects of the sliell, particular care being taken 
that its mouth is clearly displayed ; and this may fyf'ten be most 
readily managed by attaching the specimen aidfiiniijs to the wall of 
tlie circular depression of the slide. Or the specimens may be 
attached to discs fitted for being held in a disc-holder ; whilst for 
the examination of specimens in every variety of position MV. 11. 
Heck’s (lisc-holdor will be found extremely convenient. Wliere, as 
will often happen, the sevei-Jil individuals difler considerablv from 
one another, .special care should be taken to ariunge them in st'i'm 
illustrative of their range of variation and of the mutual connections 
of even the vnost di^■el•se forms. For the display of the iuternid 
structure of Foraminifem it will often be necessary to make ext reiiad)' 
thin sections, in the manner already described ; and mucli rime will 
he Sfivetl by att aciiing a iinmljei' of specimens to tlie glass .slide at 
once !Uh 1 by grinding them down together. For the ])i'e[iar;ition of 
sections, however, of the extreme thinness that is often reiphred, 
those which have been thus reduced should be transferred to 
separate slides and finished off each one by itself. 

For the collection and examination of fossil Fornminifera, which 
are of great interest and im porta nre, the following suggestions will 
he of use ; they are tlie result of tlie ripe experience of Mr. F. 
Chapman; 

Perliaps the foraminiferous clays are the most satisfactory for 
th<tse who desire to collect foraminifera. Ordinary days ixHjuire to 
be .slowly and thoroughly dried, broken into small pieces of about a 
cubic inch or so, anil placed in a vessel of water with .steep .sides. 
After some little time the material will he found to have become 
disintegi’afed. The vessel should then he shaken round, and after 
the coarser particles have subsided tlie fine muddy portion may be 
liourcd off. The materials should again be shaken with ^■ery little 
ivator, and mure water should then be added .^o as to cleanse the 
mud, and the decanting process afterwards repeated. It this he done 
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several times a fine sand with foraminiferal and other shells wi!] 
obtained. Tliis Criii be then dried and sifted in the manner aliviulv 
descr ibed for the sands fi’om modern deposits. To insure obtain iiiir 
the minutest shells, the water which is poured off should be passe!] 
thi-ougli a fi.ne cambric or silken sieve. 

The following arc some of the more productive of the fossil ifei oiis 
deposits : 

Weathered surfaces of carboniferous limestone and seams of cLn- 
in tlie joints of it. 

Clay from the lias forniiition. 

Gault clay especially fi‘om the upper /.ones. 

The softer l^eds (ffthe upjjer chalk and especklly the pliospliatio 
chalk of Taplow, which washes clown easily. 

Foraminifera may be fixed by gum arable with three drops of 
glycerine added to the ounce, or witli gum tragacanth, wdiich lias ttie 
advantage of drying witJi a dead surface. 

Sectiox II. — Radiolakia. 

It has been shown that one series of forms belonging to tlu- 
rhhopMl type i.s characterised by the mdiatlmj arrangement of their 
iwl-like pseudopodia, suggesting the designation Helio-oa or ‘ siiii- 
animalcules ; ’ and that even among tlio,sB fresh-water Ibrnis that do 
not depart widely from the common Actiuopkips lliere are .soim- 
wliose hndie.s are inclosed in a complete silicions skeleton. Xow 
just a.s the reticulavian type of rhizopod life cuhiiinates in the 
calcareous shelled Foraminifera, .so does f,he lieliozoic type seem lo 
culminate in the marine Radiolaria ; wliich, living for the iiar-i 
part near the surface of tlie ocean, form sUidons skeletons (often of 
marrellou.s symmetry and beauty) that fall to tlie bottom oii the 
death of the animals that produced them, and may remain iinolianged. 
like those of the diatoms, through unlimited periods of time. 8 oiiie 
of these skeletons, mingled with those of diatom.s, had been detected 
by Profe.s.sor Ehrenlierg in the midst of various deposits of fora 111 ini- 
feral origin, such as the ealcai'eoiis Tertiaiies of Sicily and (Iroece. 
and of Oran in Africa; ami he established for them the group of 
Vohjcysiitui, to w’hich he was able also to refer a beautiful .series of 
form.s making up nearly the wliolc of a silicions sandstone prevail 
ing throng] 1 an extensive district in the i.slaml of Barbadoes (fig. fill). 
Nothing, however', was known of the nature of the animals tliai 
formed tliem until they were discovered and studied in the living state 
by Profes.sor J. IMullerd who established the group of Radiolarui. 
inclmling thei'eiu, with the Rolijcpstinxi of Ehrenberg, the Acantho- 
inetriim first I'ecognised by himself, and the TJmlassieolln which laid 
been discovered liy Professor Ilu.xley. Not longafterward.s appeareil 
the magnificent and k.-'pnch'inaking Svork of Professor Haeckel : ■ 

1 ‘Ueberclie Thahmicoilen, Polucijstinen, 
mectcfi' \i'i Ahh and hm gen <lei‘ liijnigl. Ahad. der TFmf'iisr?). zu <ii>' 

separately published ; also ‘ Ueber die lui Hafen von Messina bcobiicntotcn i " .'C 
cystinen^ in the Monataherichte of the Berlin Academy for 1855, yp- 6A-<)a>. 

^ Die liadiolaritn (Rhizoixxla Radiaria), Berlin, ISGii. This great work 
lately been followed by a gigantic monograph published in the * Oim d enger ' Pejw/ 
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since that time much has been added various observers to 
our knowledge of this group, whicli still remains, liowever, very 
imperfect. 

Each individual radiolarian consists of two })ortions of colouretl 
or colourless sarcode~one portion nucleated and central, the other 
portion peripheral, and almost always containing certain yellow 
corpuscles . These tw 0 portions are se parated by a meinb i n 1 1 e ' ca 1 1 ed 
the ; but this is so porous as to allow of their free communi- 

cation with each other. The inner central capsule is also the sjiecinl 



Fu;. fiU. — Fossil UadioJrnifi from llartsidoeh : n, PtulocijHifi inifm; 
lihabdalithiis ncepfriim ; TjijrhnocnniM)ii faJct ff'rtnn ; d, Eifc>j)ii<litnK 
iahulun', rniicpviricfi ; /, Lychiiorttiiiffm tureruu ; (j,Eit(!/r- 

tidiim degaiiS] h, Diriynsjmyis cJafhrus] i, Enci/riUli(im Mi’iigotjicri 
StejManolithis spiufscp}ts', J, S, nodosa] ?», LiihucucJitt crpUiis] n, 
CqdudoUihis sylvim ; 0, PodonjrtiH cotJurriuitn ; p, BhaMofithns pipn. 


organ of reproduction, for it is the intracapsular proUpdasm. with 
the n\iclei ind:)edded in it, which seri es for the fuauatioii of flagellate 
spores; the outei* capsule has the special otH(te oi' protecting and 
]'roviding nourishment for the cell.' The psf^tfdojxxlia radiate in all 
directions (fig. 645) from the deeper portion of tlie extracapsular 
sju't'ode; they have generally much persistency of direction and very 

wliica extends oyer 1,S00 pages, iincl is illuslralcd Ijy 140 jdates. In it tire described 
4,31fl species, of uhich 51,508 are new to science. 

^ The stmeture of the central capsule of .4 has been cavefullj' worked 

out by \V, Karawaiew, in ZooL Auzeitj. xviii. 118S5). p. :i8(‘) and p. ‘it);!. 


MICROSCOPIC FORMS OF ANIMAL LIFE 


848 

little tlexibility ; in some species (but not ordinarily) they Vtiiiru-h 
and anastomose, while in others they are inclosed in liolluw 
rods that form part of the silicious skeleton, and issue forth froui 
the extremities of these. A flow of granules takes place aiiioiii/ 
them ; and the mode in whi(di they obtain food- particles (eonsisrihii 
of diatoms and other minute algae, marine infusoria, Ac.), and ilraw 
them into the sarcode-bodies of the radiolarians, appears to coriv 
spend entirely with their action in Actinopkrys and other Helio/.oii, 
The yellow cells, or Zooxu)dhdlo>^ as K. Brandt has proposed to 
call them, so often seen in these cells, are not confined to Radiol;n i;i. 

A B 



Fig. 645. — Palycystina: A, HriJiamn/a hr/strix; B, with aiiimiil 

for they are found also in Actiniae and \'ai‘ious other invertebrates; 
nor are they alway.s present in examples studied ; they are now com- 
pletely recognised^ as alga^ which form a ‘symbiotic* relation with 
their host, the animal profiting by the removal of its waste products 
by its messmate, by the oxygen which its guest evolves in sunlight, 
and by the food -material it provides after death, while the plant 
feeds on the waste of the animal. 

Tn most Had tolar ia skeletal sti'uctures are ileveloped iu the 
sarcode-body, either inside or outside tlie capsule, or 111 both positioll^: 
sometimes in the foriii of inve.stiiig networks having more or les'^ ot 
a sphroldal form (fig. (547, ], 2 ), or 0^ radlathaj spines. 3, or cl 
combinations of these, 4, 5 . But in many case.s the skeleton consist.' 
only of a few scattered spicules ; iind this is especially the case lu 
certidn large composite forms or ‘ colonie.s ’ (fig. Go2), which may 

‘ See especially K. Braiidt, VfrJuinili. FJnihiol. Berlin, 1SS1-S2, p.:lL 

Zool Stut. yeupeJ, iv. p. 191; P, Geddes, Nature, xxv. p. 303. 
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lll^lny;l^^ si tliousimd xijoids to^’etliei'in vai'ions 

forin^?, (Uscfiidalj cylindrit-a], splioruidid. cliaiu-likt', or I'veii lu'cklac-e- 
tik(‘. Tlu* 'colonies ’ seem to l)e jn'oducetl, like tlie m\iltiple segments 

tlie liodies of Fovaminifei'a, iiy the nou-sexual Jiiultiplication of a 
pi iiiiovdhd zooid ; hnt wlietlicr tins multijdieation takes jdace bv 
or lyv the huddiilg oft of ]>oi‘ti(ms dt tin* sna'odH-bodVj has 
lint vet been clearly made out. ihe emi.ssion of tiagellated zbos])ores. 
jirnvlded witli a very large nucleus, ainl In some cases with a I’od- 
lik(‘ crystal, lias been observed in many radiolariaiis ; Imt of the mode 
in wiiidi tiiey are [)rodueed, and of their subsoqmmt history, very 
little is at present known. Lntil the structure and life 1 list, ory i>f 
rlie animals of this very interesting type shall liavc^ been more fully 
rliicidated, iio satisfactory classification oi tlimu can i)e ti'amed ; and 
iiuthiiig more will be liere attem[)ted than to indicate some of tlie 
Uiincipal forms under which tlie radiolarian typ<i presents itself 
Discida. — Among the 
Irautiful silicious struc- 
tures which ai-e met with 
in the radiolarian sjiiid- 
.stone of Barbadoes (fig. 
iU4) tliere is none moi'o 
interesting than tlie ske- 
leton (d' Astronma (fig. 

<)4-8), in wliicli we have a 
]ciiiarkah1e example of 
tlie /Yo/c/e of variation that 
is (.■ompatihlc with con- 
fonnitv to a general plan 
(»f struetuve. As in other 
t'onns of Haeckefs group 
of Discida, tliere is in 
this .skeleton a comhina- 
tioii of radial and of cir- 
cumferential parts, the 
funner cnnsi.sting of solid 
spoke-like rods, whilst the 
latter is composed of n silicious network more or less (‘ompletidy 
tilling np the ,sj.)i\ces between tfie rays. Tlu' nulial jnvt of the skele- 
ton preiloini nates in the beautiful four- rayed example represented at 
I), having the form of a cross with ctiual arms ; whilst in F and (1 it 
still .shows itself very eonsj)icuously, though the sjiaces lietween the 
rays are in great part filled up hy the circumferenti.al network , In the 
tive-rayed s|)ecimens A ainl B, on tlie otiier hand, the radial jxirtion 
is iiiiich less de\'el()ped, wliile the circumferential heemnes more dis- 
coidal. And in (J ami E, wdiile the circumferential network forms a 
I'cntagonal disc, the i-adial ])ortiou is represented only hy .solid projec- 
tions ;it its angles. The transition between the extreme forms is 
touiid to be so gradual when a nmiiber of specimens are compared 
that no linesof specific distinction can he drawn between them ; and 

' CouKidevable attention lias been given to the ijnc^ion of the classification of 
the Radiolaria by Haeckel and bv R. Hevtwig, Jviwim he J)c>ik>rhr. ii. 1879, p. l’2t}. 

H I 
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tlu^ <litfereiice in the of rays is probal)ly of no more aecount 

tliese low forms of animal life than it is in the cliscoidal ili;itcmi.. 
(.)ther (liscoiclal forms, sliowing a like ooinhination of viulml 
(‘ir(‘iniiferential i)arts, are represente<l in hgs. 64D aiul GaO. :,n,l 
in tig. G44, r, m. 



fi/iflioHoiiiioro ; ‘i, ActntatniHa nwauf , o, .if «««<'<-■< j 
ArttchiiospJucm oli(j^irnntli(( Chitlorncai^ vtnioinliii- 

Entosphaerida.— In tins group the silicons shell is 
ami is formed v'lthin the capsule ; awl it is not traver.se<l by iiu . 
aUhougti prolongations of the shell often extend themselves rabw . 
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oatwarfis, as in Cludococctis 047, 0). Hometimes tlif* central 
sjtliere is inclosed in two, three, or even more concentric spheres 
coiiuected hy radii, as in the beautiful Actinomma (%. 047, 2 ), re- 
minding ns of the wonderful concentric spheres carved in ivory 1>v 



Fig. filH. — Viirielal inodiflcatioiig of Astnumna. 


tlie Clunesc. One of the most connnoii examjdes of this group i.s 
the Ifalimmia Uumholdtli (lig. Gol), in which the shell is double. 

Polycystina. — This name, which originally included the jireceding 
giwip. is now restricted to those whk-h have the shell formed outside 



tai. ')49. PfvichJamijiJiiun imvicxttuu. 



Fig. (jracUh. 


Hie capisulo. t^liell may, as in the preceding, be a simple sphere 

<‘oiuposed of an open silicious network, as in Ethruosphpm (fig. (i47, l) ; 
or it may consist of two or three concentric splieres connected by 
radii ; or, again, it inav put foi-th radial outgrowths, which sometimes 

51 j2 
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extend themsclve^< to several times the diameter of the slw-ll. .^^,1 
ramifv more or less minutely, as in Arachiosphtm (iig. (U7. 4), Um 
more frequently the shell opens out at one pole into a form „i. 
less belMike. as in Po(hcyrtis (fig. 64G, A, and fig. 644, a, o). 
cwiinm (fig. 646, 11), and Pterocauhm (fig 64o. B); or ,t 
he elontmted into a somewhat cylindrical form, one 
closed, while the other is more or less contracted, 

(fig. 644, d, (j, i). 'Hie transition between these forms, again. |.fove> 
t,o%c as gra(iationah when many specimens are compared.' as it is 
among Foraminifem. . 

Acanthometrina.— In this group the animal is not inelos<>,l witlm, 
a shell, but is furnished with a very regular skeleton, C(i]i,j,os(d 
of elongated spines, which radiate in all directions froiu^ a cuimiioi, 
centre (fig. 645, A). The soft sareode-body is spherical in ittrni.iiud 
occupies tile spaces left between the Imses of these syim^s, wlm-li 
are sometimes partly inclosed (as in the species represent cl) hv 
transverse projections. The ^capsule is pierced by the iwaido- 
podia, whose convergence may lie traced from without iiiwjivils, 

^ afterwards passing th rough it ; ainl it 

\ j\ /[ i:^ itself enveloped in a layer nf kss 

V .y/ tenacious protoplasm, resemhling tlmt 
^ of which the p.seiidopodia are coiiqMistd. 
^ One species, the Ac<(vthoi»di'ir 

oideSy which yii'csents itself to tlie nulad 
( eve as a ciimson-red yxiiit. (lie ii;i- 
meter of the centi-al part of its liodv 
being about. , ''''T 

/ common on some parts of the raast of 

Xorway, especially during tlie jiivim 
)/ Y X leiice of westerly wimls: and tli*^ 

^ , TT i- TT,, JO'/ Author has himself met with it alnm- 

Fut 651 . — Halwnii>!n HinnboKttit. • a f' 

dantly near bhetlann, in the tioatiii;: 
lirown mas.ses termed niadre hy the fishermen (u ho believe them 
to furnish food to the herring), which (misists mainly nt tins 

Acanthometraniingled withEntomostraca. „ ■ 

PhBBOdaria.- -Among the most important of the 
collected bv the Hdiallenger ’ are the conqviraiively large as imuli^ 
1 mm. in diameter) single-celled forms which are remarkable ta Urn 
constant presence of large dark brown gjnnnles wlueh -a md 
irreoularlv ronnd the central capsule and cover the greatei )UH al 
its obiter surface. The nucleus is large, the capsular inenibiai.e a 
alway.s double, ainl is pierced by one or move large o|.einiig- , t ^ 

whole cell is inelo.sed in a thick gelatinous cm enng, an.l Hme r 

nearly always a. well -developed extracapsnlar sihemas skeletal., 
accoiiling to the structure of which the group is subdivided.- 

Collozoa.-To this group lielong tlio.se 'y™'.''''’'''* ',,'^ 1 - 

forms which, exliibiting the clmractenstic radiolariaii tip* "> »' 

I The veiierat lilan of slructm-e of the ‘Va' 

i„men?e ™Sy o! forms »er_e ably disoW by Dr. tValboh m ll.e 

Aficrosc. -Sfic. u.s, vol. xiii. 186.-), p. 7o. „ , « .. . 4 xix. 

On reproduction m this group, cf. A, Borgtrt, /uoL Aiung 
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indiviaunl z<iyi(ls, are aggregated int^> masses in wlvioh the skcdeton 
is I'epvesented only by sc-attererl spicules, as in SphAi^mr^uma (fig. (>r)2) 
;iud Thalasslcolla. These ‘ sea-jellies,' which so aixnind iiitlie seas of 
uaria latitudes as to he among tlie conmionest objects collocte<l by 
1 lie tow -net, are small gelatinous rounded bodies, ’of very variable 
dzc ami shape, but usually eit,her glolailar or disc‘()[da!. Externally 
die\' aiv invested by a layer of condensed s;ircodo, \\ liicii sends forth 
pseiidopo<Hal extensions that commonly stand nut like rays, but 
sometimes inosculate with eacli other so as to form a network, To- 
wards the inner surface of this coat are scattered a great numljer of 
oval bodies resembling cells having a tolerably distinct, memhraniform 
wall and a conspifuions round central nucleus. Eacli of these bodies 
uppears to be without any direct eonnectioii with the rest, but it 
^wvesasa centre round which a numlier of minute yellowisli-greeu 
vesicles are disposed, 

Ea<di of these gi“onps is 
ja-(itected by a silicious 
skeleton, which some- 
t i mes consistsof separate 
s[>icules (as in tig. 652), 
liut which may l)e a thin 
pcrforateil s} die re, like 
tii.it of certain Poly- 
L'v.dnia, sometimes ex- 
tending itself into radial 
prolongations. The in- 
ternal portion of each 
niii.ss is com[)o.sod of an 
aggregation of large 
vesk'lo-likc bodies im- 
liediled in a softer sar- 
(‘odic substance.’ 

Emm the researches 



made tluriiig the ‘ Chal- 
lenger ’ E.\[>editioii, it 


Fig. ovwVmurc. 


appears that the limllokma arc very widely diffused (Inwigli the 
Wiiters of the ocean, some forms being more abundant in tropical 
and otliers in temperate .seas ; and that they live not only at or near 
tlie surface, hut also at considerable de]>ths. Thcii' silicious skeletons 
accmiiulate in some localities (in wliicli the calcareous remains of 
Eoramiuifera are wanting) to such an extent as to form a ‘ radio- 
lariaii ooze ; ’ and it is obvious that the elevation of such a de])Osit 
into dry land would form a bed of silicious sandstone resembling tlie 
aell known Barbadoes i‘(K*k, which is s;)id to attain ;i thickness of 


MOO feel, or a similar rock of yet, greater tliickiiess in the Xicobai- 


V ! Pi'olVss<tr Huxley (to whom we owe oiu- first knowled'fe of these forms) in .tan. 
•\o . ser.ii.vol, viii, l8nl, p.4ai5; also Professor l^liiller.of Berlin, iir (^uurf.Journ. 
,SVg vol. iv. 1856, p. 72, anrl in Ills tn-atise f <lit- ThalfiHHicolIru, Pof/y- 
Arr/a^/ioa/eOva des Mittrbiiceirs^ the magnificent work of Pn^fessor 
'* 7 Lv and the nKaiograpli by K, Brandt, published in the F’<0(a« 

rlofu dm Gaifca vou 1885, ‘Die koloniebildeiiden Hadiolavieii 

'l^phaerozoiien) des GoUes von Ncapel’ 
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Tsliinds. Few microscopic objects are more beautiful tl»:ui an 
assemblage of the most remni'kable forms of the Barbidiun 7V//- 
custbia (fig. 644), especially when seen brightly illuminated upon 
a black ground ; since (for tlte reason formerly explained) their 
solid forms then he<'ome much more apparent than they are when 
these objects are examined by light transmitted through them. And, 
wlien they are moimteil in Canada balssnn the black-gi-ound 
niination "^is much to be prefen ed for the purpose of clis|)lav. 
although minute details of structuie can he better made out ^^llell 
they are viewed as transparent objects with higher powers. MiUiv 
of the more solid forms when exposed to a high teniperatnrc on n 
slip of platinum foil undergo a chanp in aspect whicli rendci s them 
[)eculiarly beautiful as opaque objects, their glassy trans[>fireuce 
iiiving place to an enain el-like opacity. They may then be mounted 
on a black gi'ound and ilhuninate<l either with a side concleusei or 
with tiie pfirabolic spculuni. No class of object is more suitahle 
than these to the binocular microscope, its stereoscopic pi'ojection 
t'ausing them to be presented to the jiiimVs eye in complete relief, 
so as to bring out with the most marvellous and beautiful eftk-t nil 
their delicate sculpture.^ 

* For i\ fuller description of the foms of this group see Professor 

iiieiiMiirs in the Manutsibevichtr of the Berlin Arademy for 184H, 3847, undlSoO: ah', 
his 1854', and at Ant. Miiit. vol. xx. 1847. The best inetln.id C'j 

separating the Pohjcij^tiva from the Barbadocs suiidstuiie is described by >Ir, Fur- 
long in the Qmn't. Jouni. oj d/(f'/'o!so. Scl n.s. vol. i. 18(il, p. 04. 
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I. Sponhes 

We now leave tlie PnoTozo.v and coniinencetlie r?tviily ul'tln.- Metazoa, 
(ii‘ tluise forms in \s liieli the egg-cell undergoes .snlKlivisi( m, tin- result- 
in»>: elenients of wliieli do not separate lead an independent 
existence, Imt comViine to form an organic wlaile, various j^art.s 
undertaking %arion8 functions. Of tliese Metazoa tlie siniplest ex- 
amples are to be found among SroxoEs. The determination of the 
real eliarncter of the animals of this class has been entirely ellectedby 
the microscoi)i(‘ examination of their minute structure ; for until this 
cauie to l>e pr()j»ei'ly nndei-stood, not only >\as tlie general nature of 
these organisms entirely misapprehended. Imt they were regarded 
bv many uatui'alists as Inning no certain claim to a })]ace in tlie 
iiniuial kingdom. ^Vhat that place is, is, to some extent, still an 
open (jiipstion,^ but it may now Im unhesitatingly athrmed that a 
sponge is an aggregate of protozoic units only in the sense in \yliich 
all MetazoJi are composed of cells ; some of these cells have a striking 
resemblance to tbe collared Fbujellaia (lig. 080), nhilst others ve- 
seiiiVile AnurJm (tig. 077). ddiese units are liehl together by a lam- 
tinuous connective -tissue -like sul)St:ance which clothes the skeletal 
framework tliat represents our usual idea of a sponge, and is itself 
made up of distinct cellular elements. In the simpler forms of 
sponges, however, this framework is altogether absent ; in ot])er,s it 
is represented only lyv cah'areous or silicious •spicules,' which are 
dispersed through the sarcodic substance (tig. bad, B) ; in others, 
again, the skeleton is a keratose (horny) network, which may be 
entirely destitute (as in our ordinary sponge) of any mineral siqipovt, 
hat which is often strengthened by calcareous or silicious spieules 
(lig. bod) ; whilst in what may bo regarded as the highest ty|>es of 
tile group, the silieious component of the skeleton increases, and the 
keratose <limiiiishes until the skelet'jii consists of a heaiitibil silicious 
network resembling spun glass. But whatever may he the condi- 
tion ti)e skektoi), tliat of the i)ody tliat clotlies it I'eniains 

^ For an iustnictive discussiiui on lliii point, consnlt Prof. K. A. Mindiiii’s essay 
■■a ‘ The Position of Sponges in the Animal Kingdom’ in .Sm'ier i. in.s.’l 

I to which is appended a useful list of works on tlie ^abject. Some authors 
demur to llie association of sponges with other Metazoa, and Professor Sollas has sug- 
gested the use of the gi'onp-muiic Pai'LC/.oa. 8ee also Xn niitic (..« Puoho/i/, vol. if. 
London, PJOO. 
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i-ssentially the snme ; jukI the peculiarity that chiefly (hsitinguislip^ 
tlie sponge- colony from the plant-like colonies of the rtagcUnte 
Infusoria is that whilst the latter extend themselves ooUranU 
repeated raitufication, sending their zooid-bearing branclhs 
meet tlie water they inluibit, the surface of the former exh-mh 
itself foniiing a- system of pas&iges and cavities liin.,] 

tliese and the amceboid cells, tlwough which a ciiiTent ot wjiter i> 
(Iniwii in to meet them by the action of the flagella. The miimt,. 
pores (fig. (153, h, h) with\vhich the surface «, ff of the living 
is beset lead to iiicurient passtiges that open into ehaml>ers lyinu 
lieneath it (c. c), and open into the ‘ ampullaceous sacs,’ or, ;ts tliey 
are now called, ‘flagellate chambers/ from the presence rounil 
their walls of the flagellate or collared cells. The water ih:iuj] 
in by their agency is driven outward.s through a system ef 
e\<‘iirrent canals, wliich. uniting into larger trunks, proceeil to tlie 

osada oi‘ })rojcctiiii; 

X d / vents, d, from each df 

h ^ which, (luring tie 

% active life of the 

1 / sponge, a. stream nj' 

,l V d -water, carrying mu ex- 

' - ' crementitious 

(‘ontinuallv i-'-snim;-. 
* Tly in™,t I.™;;- 

^ into the chainlris 

' both food-material ami 

Fi(}. 65:5.— Diajtia^umatie seotinn nf a t.])onge; u, ti, oxygen; and from tlii 


Fio. 65a.-- Diattia^umatie seotinn nf a t.])onge; (t, n, 
HUperfit'iiil layi'i' ; h. iiihalaut apevtures or pores ; c, 
flagellated chambers; d, exhalant oscule ; deeper 
substance of the sponge. 


Iiaseiiiueu ciiamucis, u, , >, l-- ,, , , 

substance of the sponge, coloured ]>articlcs eX- 

peri mentally diftusei 1 

through the wattu' wlterein a sponge is lix ing are received into its 
protoplasmic substance, it seems clear that the nutrition ofllie entire 
lii brie is the resultant of the feeding a^-tion of lhe_ flagellate miit>. 
each of xvliich takes in, after its kind, the food -particles brought hy 
the current of xvater, and imparts the product ofits digestion of lh(‘iii 
to the general sarcodic mass. 

The continuous substance that clothes the skeleton of tlic 
sponge and eonstitutes the chief part of its_ living body iiuhnlc' 
great numbers of stellate granular cells. Their long slender itscud"- 
podia, radiating towards those of their neiglibour.s, often uiiib‘ 
together to form a complex network; on the chief parts of tlii' 
course of the water-way tliey Ijecome fusiform in shape and roii 
tractile in function, anil it ik hy their agency that the connmi:il 
contractions and expansions of fhe oscula'are produced, which an- 
ver\- characteristic of the living sponge. As was first shown by 
Ih'ofe.ssor C. Stewart, sensory organs, formed of groups of cell 
with long projecting filaments, aie to be seen (in tlie surface *>. 
many sponges. Any one of these auueboids. again, detached tnaii 
the "mass, niav lay the foundation of a nexv ‘ colony.' h\ tbe 
a.ggregate mass produced hy its continuons segmentation certam 
ijiohular clusters are distinguishable, each having a caxnty m 
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its interior ; and tlie aiiiteboids tluit form the wall of this cavity 
hi-coine metamorphosed into collared flagellate cells whose flagoHa 
jo-oiectinto it. Thus is formed one of the characteristic ‘ iun])ul- 
laceous sacs,’ which, at first closed, afterwards communicates witli 
the exterior, on the one liaud in' an incurrent [:assage, and on the 
other with the exctivreiit eanal -system leading to the oscida, ile- 
Gdes this reproduetion hy ' iiiicrosporesf there is anotlier form 
of nou-sexnal rci)ro(hiction by macrospores, ^^•hicil are elirsters of 
;niKclM)i<ls encysted in firm capsules, frequently strejigthened on 
liieir exterior by a layer of sjdt'ules of very peculiar form, Thest- 
•seed-like bodies,’ which answer to the encysted states of manv 
|)i-otoi>hvte.s. are met with in the substance of the sponge, chiefly iii 
\vinteiN thnuigh the o.scula tliey give exit 

TO their contained amadK)ids. each of which may fouml a new colony. 
A true process of sexual generation, moreover, is known totakeidace 
in Sponges, certain of the amo‘lK)ids. like certain cells of V<dru.<\ 
Uecomhig ‘sperm-cells,’ and develo[dng spermatozoa by the meta- 
tnorphosis of their nuclei ; while otliei's become • germ-cells,' 
developing themseh'es lyv segmenlat imi (wlien fertilised) into the 
ho<lics known as ‘ciliated gemmules,' which ’are set free frcim the 
walls of the canals, swim forth from the vents, and fora time moxe 
activclv throiiglj tlm water. In a word, there is true sexual repro- 
fliiction by ova, and sperniatozea. as in all animals that are not 
Piotozoa.* 

The arrangement of the keratose reticulation in tlie sponges with 
which we are most familiar maybe l>est made out liy cutting tliin 
dices of a piece of s))onge siilauitted to firm compressiem, and view- 
ing these slices, mou]fie<l upon a dark ground, with alow magnifying 
{lower under incident light. Such sections, thus illuminated, are 
not merely striking ohjeets, hut serve to show very charaetcristiealU 
the general disptrsitiou of the larger canals and of the smaller pores 
with which they comimini(-ate. Tn the ordinary sponge the fibrous 
skeleton is almost eiitii'ely destitute of spicules, the ab.^^ence of 
wliicli. in fact, is one ioqiortant, condition of that Ilexihilitv and 
compre.s.sihility on wliich its uses depend. When si'icules exist in 
connection with such a skeleton, they are usually either altogether 
imbedded in the fibres, or are implanted into them at their bases: 
but smaller and simpler sponges, such as GVoot/o. lia\e no liovny 
''keleton, and their cah-areous spieules jire imliedded in^he general 
sniisfance of tlie l)ody. Sponge-spieules are mnrh mon^ fre- 
'luenfiy silicious than ealeai’emis ; and tlie vai'iety of furiiis pre- 
sented liy the silicious spicules is much grenter tlnm that wliich 
we timl in the comparatively small di\isu)n in wliich they are 
composed of carbonate of lime. I’he long needle-like sjiieules. wbich 
'U-e extremely abundant in several .sponges, lying close togetlier 
ill bundles, are sometimes ,si might, sometimes slightly curved; 
tb'ware sometimes pointed at both ends, sometimes at one only: 
‘U!!' nr both ends ina\' be fni'nislied uith a head like that, of a 

* t'w; Cliaptin- V. of Mr. Saville Kt*nt,V Unittud vf Vw Ja/awr/n, and Cha]iter Y.of 

I. of Mr. Balfour’s Cviup(tr<iUvi' wa well as Professor Haoekers iiii- 

I'oi'fairt work on the Calcareous Spou^'es, 
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pin 01* may t-aiTV three or more diverging points wliich soinetiiu,.s 
curi e hick so as to form liooks. When the spicules project from tin* 
horny frameivork tliey are usually someivhat conical in form, and 
tlieir surfa<*e is often besot witli little spines arranged at regular iutin-. 


A 




Fig. 654 . — A, section llu'ougli Phah’liia v<ntt'd(ihf}ttn, var. ra/oau fWa, 
angles to the surface, to show the arrangement of tlie parts of a 
on "the surface leading to fr, the inhalant canals then to ^agella cd • a an 
f(\ and thence to the exhalant canals, cc, to o, tlie oscula in the dein a 
d!.. B,more liighly magnified view of the n 1 tern al por non 
Axiiidht pa raduj-a x 2f)0 : tne, so-called mesodermal cells. Othei Hers a.. 
(After Pidley and Demly.) 
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vals, giving them ii jt>iute<l a ppearunee. ’ The nioiv eeeeiit authorities 
on Sponges, such ns Professor Sollas ;uul Messrs. Pidleyand Deiidy, 
jrive recognised tint in the present state of our kiiowleclgc the spicules 
^vbkli are ordinarily found in silicious ^5[X)nges belong to one of two 
groups, which, as they differ considerably in size, niay he Ciilled 
uiegasclei-es (or, more coiTectly , megaloscleres) and luicroscleres . It is 
to the definite arrangement of the former tint, witli or without tlie 
addition of spongin, the sponge owes its definite skeleton ; the mici'o- 


sclerea give consistency t(.) the 
tissue of the sponge, and are ir- 
regularly scattci’ed tliroiighout 
its sulistance. If we desire to 
ilivc them physiological names 
we inav call the megaloscleres 
skeletal .spicules, and themicro- 
sclercs flesh-sjiicules. If we 
bear in mind that in the 
ojiinion of the most competent 
spoiigiologists the polyaxial 
spicules are the most; })riiui> 
tive, there is no practical 
objection to our noticing them 
in the reverse oialei*, a method 
which will l)e found to conduce 
to simplicity of description. 
Ill the examination of spicules, 
it is neces.sary, first of all, to 
ilistiugnisli between axes and 
/’(///, S’ ; tiius in the Monaxonida 
the megaloscleres have but a 
single axis, but tlie growth 
from the point of origin may 
be on eitbei’ side, when ve 
liave two-ra,yed or diaetinal 
mcgaiosc!ei’e.s, or it mav extend 
m one direction only, when the 



Fio, Hoy— Structure of the clielip nf Mo- 
uaxoiiut Spouses; 1, trident ;Ue iiiiisotlieta 
from in front: lif, from the side; % 'ht, 
front iind side views of a palmiite isoclick; 
(, i\ tubercle; <if, at’, anterior tooth or 
])alm ; lateral 1 00 th or palm ; .v, sliuft ; 
/, fimbria, (After Ridley anrl Pwdy.J 


scleres are said to be raonactinal. In the Calcispongiie there are 
three axes and three rays ; but in some s[K)iige,'^, smh as A’emis’s 
flower-l)askct, the growth i.s along botb directioiis of the axes, .so 
that while there tire three axes tliere ar^ six rays, or the spicules 
are hexactinellid. In othens, such as Ueodia and the Lithistid 
Spoiigcs, there are four axes, whence siU’li forms are called tetraxonid. 




' A minute account of the various forms of spicules contained iji Sixmgcs is given 
hy 3rK. Bowerbanh in his first memoir ‘On tlie Anatoiiiy and Bhysiolowy of the 
Sj)ongiaxl«j’ in Trans. 1858, j»j). 27t)-;>l'2; and in his Monoffraph of Utr 

published by the Ray Society. Tlie Calcareous Sponges have 
boen made hy Vvofessor Haeckel the subject of an elaboralc moiiognipli.D/c A'a^i- 
Berlin, 1872. For euunierations and classifications of the various kinds 
si'-icules, see Professor Sollas, art, ‘Sponges,' in the tfih edition of {\k Encijrl. 
and Messrs. Ridley and Demly, ib-poxf on ihr ‘ CJntUcinicr’ Munox. 
o/))e((,pp. .••v-xxi. 
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Ljistly there are thelrast regiilai' inegalosderes, which may be amlti. 
radiate or spherical. 

As is well known, the flesh -spicules are of the nwst varied 
and it is a matter of some difficulty so to group them as to ivutlev 
them more easy of comprehension 1 )y the student. Messrs, Ridl^^v tn „) 

I )endy suggest that, provisionally at any rate, we should regard tlii.j,, 
as (1) siin])le linear, (*2) hooked, (3) stellate. The first may be })uinThl 
at either end, and these are often spinous, or they may be lorg 
hair like, and be or not be arranged in bundles {drarfw/tta) ; a ooiiiinou 
form is that of a bow, and these, again, are sometimes arranged in 
humlles, which have been formed within one and the same coll. 
The hooked forms may be simple sigmiform microscdere.s, or tlie 
shape iiiav be complicated by the innei* inargiii of the shaft or lionk 
thinning out to a fine knife edge. The most complex forms oftlih 
group are the microscleres which the just-quoted authors deuoiniuiiTc 
vheltf'. They describe these scleres (fig. 655) as having a more or 
less curved shaft (s), which bears at each end a variable number of 
sharply reeuia eil pi'ocesses (eh td'. It. h'). 



Fi(o — Anisiorhehv of Cl(i(h>- 
)hiz4i the 

nucleus of the mother -cell of 
the spicule, from ia front, a, 
111 1(1 from the side, h. x oOO. 
(After Ridley and Dcncly.l 


whi(‘h they rail the ‘teeth,’ or if liroml 
and expaiuled the ‘ palms ; ’ these arc eon- 
nected with the shaft by a buttress-like 
projection, which is generally so trans- 
parent as to be with ditfienlty made oat. 
The shaft itself is fretpiently drawn out 
at the side into wing like proc(‘sse.s (.n- 
fimlnhe (/’), Tf the two ends of tlie 
spicule are equal, we liave isochehr ; if un- 
equal, (diisocJiehf^ Tlie stellate miei’o- 
scleres may he s|)irah have, a shaft witli 
siiinose wliorls, or a cyliiuhical sliaft witli 
a toothed wliorl at either end. Tlit^ 


spi(;ules of sponges cannot he considered, like the nrphhks of [)laiiT>. 
as mere deposits of mineral matter in a ci’j'stalline state ; tor, like 
all other part s of the organism, they arc of cellular origin (6g. tiaij). 
and the special cells whi(di prodnee them are distinguished as silio'- 
blasts ; in this there is first (hueloped a centi'al organic tlnrml 
around which eonc-entric lavers of silica or chalk ai'e laid down.^ 


Tliere i.s an cxtiemely intei'Csting group of Sponges in wliiclitlic 
horiiv skeleton is entirely reidaced by a sHkioiis framework of grrat 
firmness and of singular beauty of construction. This framework 
)nav he regarded ns fnndamentally consisting of an aiTangcmenr i»f 
sic-rayed spicules, the extensions of which come to be, as it were, 
soldered to one aiiotlier ; ajid hence the group is distinguished ;is 
HPxrffdiate, Of this type the beautiful KaphcMla of the Maiiih 
seas — which was for a hmg time one of the greatest of /biological 
rarities, but which now, under the name of ‘ Venus's flower -basket, 
is a (ioinmou ornament of our drawing-rooms — is one of the most 
characteristic cxample.s.‘^ Another example is presented liy the 


■ For a eompendioun statement of the fluu'actors of sponf^e-spicules s(‘e pp. 
of 31r. A. Sedgwick's Stath'iit'a Tcxl-lmnh of XoaUtgij, London, 189S. ^ 

' The structure and arratigement of the soft parts of Eujfh'ctcJla a-yfci'i/ilhof' 
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ffolkim Carpentevi, of which four .'Specimens, ilrpil^j^ed up troin ;) 
,Vptli of 530 fathoms l)etween the Faroe Islands ami tiie north of 
Scotland, were aniong the iuc>st valuable of the “ treasures of the 

’ obtained during the, first dee[i-se!i exploration (1868) cai'ried 
.,ut bv 8ir Wyville Thomson and the Author. This is a I urnip-sha])ed 
liody! with a' cavity in its interior, tlu' circular mouth of which is 
surrounded with a fringe of elongated silicious spicides; \shilst from 
Its bcse tliere liangs a scu-t of beard of silicious threads t.liat extend 
tlicmsel VPS, sometimes to a length of several feet, into the Atlantic 
nuid on wiiich these bodies are found. 'I'he framework is much 
iiuire massive than that of P^xphctdln. hut it is not so (‘xchisivcdv 
mineral ; for if it be boiled in nitric acid it is resolved into separate 
>jiic*ules, these being not soldered together hy silicious continuitv. 
l)Ut. iield together liy animal matter. Hesides the I’egular sex- 
radiate spicules, there is a remarkable variety of other forms, whieh 
have Vieen fully described and figured by Sir Wyville Tliomson.' 
One of the greatest features (tf intcu'est in this {lulUuUi is its 
singular resemblance to the I eMtnculdf^s cjI the Cretaceous formatiem. 
Subsequent investigations liave shown that it.is veiu'widcdy diffused, 
and that it is only one of seveinl deep-sea forms, including some 
<if singidarly beautiful structure, whicli are tlie existing repre- 
sentatives of the old ventricnlite type, (hie of these was previously 
known from being occasionally east up on tiie shore of Barhadoes 
aftei- a storm. This Dkiijocdlify- pfrmktKs lias the slmpe of a mnsh- 
rooin, the diameter of its disc, sometimes rangingto a foot. A small 
portion of its reticulated skeleton is a singularly beautiful object 
when viewed with incident light under a low magiiifving jtowev. 

With tlie excefition of the genus SpOivfdla and its allies, all 
known sponges are marine, hut tlnw ditfer very much in habit of 
growth. For whilst some can only he obtained by dredging at eon- 
sideralde depths, otlters live near the surface, whilst others attach 
themselves to the surfaces of incks, shells, Ac, between the tide- 
marks. The various species of (iraidla in whieh, of all the marine 
sponges, the flagellate cells can most readily l)e ohserve<l, Itelong to 
tins la.st category. Tliev have a pe(‘.nliarly sim}>le structure, each 
being a sort of bag whose wall is so thin that no system of canals is 
re(juire<l, the water ahsorlted by tlie outer surface passing directly 
towards the inner, and being ex[)elled by the mouth of the hag. The 
flagella may he ])lainly distinguished with a ^-ineli olijeetive on .some 
of tl\e cells of the gelatiiunis suhstaiice scraped troiii tlie interior ot 
tlio Img ; or tJiey may l>e seen ut situ by making very thin trans- 
\'erso sections of the substance of the sponge. Tt is by sucli sections 
alone that the internal structure of sp(mges, and. the relnlion of 
their spicular and liornv skeletons to their fleshy siil)stance, can la* 
demonstrated. They are best made by tlm imbedding process. In 
order to obtain the spicules in an isi.>latetl (“onditiem, the animal 
'Hatter must he got rid of cither hy incineration or hy chemical 

iuvestif^ated by Prol. F. E. BcIiuIt;^, Trunfi, lUojai of Ediithurgh, x.yix. 

p. (Uil. 

• See his elaborate memoir in Fhil. Tmns. U^TO, imd bis Ikjtthsaf ihf, Sen, 
1^72 p. 71. 
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reagents. Tlie latter method is preferable, as it is difKcnlt to tVe(- 
the iiiineral residue from carbonaceous particles by heat alone. If 
(as is conuiionly the case) the .spicules are sillcions, the spoiiin;. nuty 
he treated with strong nitric or nitvo-nniriatic acid, until its aniin-Q 
siihstaiice is dissolvecl away ; if, on the other hand, they nir (f,\. 
careons. a .strong solution (if potass may he employed instead nfthti 
acid. The oi)eration is more rapidly accomplished by the :iiil (,f 
heat ; but if the .swing of time be not of importance, it is prcdei-iitli:. 
on several accounts to dispense with it. The spicules, whenohtaiia-il 
in a sepjii’ate state, slioulil he mounted in Canada balsim. Spdncrp 
ti.ssue may often be distinctly recogiii.scd in sections of 
ehalccilon}', an<l other silicious concretions, as will be mom 
stated liereaftei'.' 

11. ZooruvTES {C'cei.enteka) 


Under the general de.signation Zoophytes it will be still om- 
veuient to group those animals which form composite skeletons (tr 

' IK)ly]:aries ’ of a more f)V hss 
plant-like character, a.sMK-iufinij 
with them the AcaUphs. wliidi 
are now known to be the ‘ s^nal 
zdoids' of polypes, Imt excludini; 
the Poly::ou on account of llu-iv 
very diflereut structure, iiriT- 
withstanding their zitoplaiic 
forms and habits of life. Tlie 
animals belonging t(» thistfrouji 
may be cousidei-ed a.s fonned 
ujion the pi-imitive ijostrvh 
type, their gastih* cavity 
(though sometimes exteiidiiij: 
itself almost indefinitely) beiiij: 
lined hy the original PiuJodmiL 
and their sm-foce being covered 
by the original ectoderm, awl 
tliese two lamellfe not being 
separated by the interposition 
of any lx)dy-cavity or athw. 
It is a fact of great interest 
that although the })rodn(‘t of 
the development of a ruornhiA^ 
distin(!tly individualised 
poh'Ije, in which several niutii- 
ally dependent parts make np 
a single organic whole, yet these pa\‘ts still retuiii much of tlieir 
independent protozoic life ; winch is manifested in two ven i?- 
markable modes, fn the tiist place, the digestive sjic is observed 
to be lined bv a laver of ainnd)oi<l cells, wliich send out pseiulopodial 
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0.17, — ramiritncfiiiiil section of tlie body 
of !i hydi-ii killed in full digestion: rr, 
ectoderm ; ra, end<xlei’in ; mp, imiscnlar , 

processes ; il, a diatfnn ; t\ food. (After 
T. J. Ptirker.) 


* A complete uml valuable handbook to tlie Si)onges 1ms been 
Dr. G. C. Vosiiiaev iis vol. ii, of Broiin’s Kdtmoi tixd dcs > 

Leipzig, 1837. Compare also the article by Professor Solhvs in the ninth edition o 
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.ii-olongiitioUH into its cun ity (fig. <>57) )>y M'hose ngeuc-y (it iijiiv 
ivetty certainly attivined) the nutrient material i.v first intrudneeil 
iiitotla? btHlV'Sulisttmce. Tins yroce.ss of • inlrarelhila]' digestion' 
was first noticed hy rrofe,s,s(ir Alhiiaii in the heaiitiful hydrnid 
ihinotheUc,'^ iihe has iieeu since shown Ijy Air. Jeffery Parker 
tVhe true of tlie ovdiiiai'y ffi/drH : ' and Profeksoi' K. Kay LankestiM- 
lias made the. same oliservatioii nfiotithe eurioiislittie ALedu,si 
cfiditiM], which lives in fresh-watei' tanks in tJiis eainitry, whifhei* 
it lias uudouhtedly been introduced ; while the oliseiViitions of 
Ivriikeuhei'g have shown tiiat a similar jtrocess obtains among the sea 

anemones.^* (It may he mentioned in tlii.s connection, that Metschni- 

koft' ha.s seen the cells which line the alimentai v canal of the lower 
^lianarifin worms gorging tliemselves with coioured food {lartirle.s. 
cxactlv in the manner of Ama-lft’ and the !?\ei‘'tiuke. and that a 
iiinalier ot lame are knomi to oiitaiii tlK'ir nnurislnmait in the Nina* 
wav,-*) Tlie second Asurvival ' of inoto/.oic independence is shmvn 
in the extra,ordiuarv power possessed hy fftfflm, Aditiirf. A'c, of 
i-cprodiicing tlie entire organism tVom a mere fragiaenl . Tlits great 
di\'ision includes tlie two priiici[)al groups the IIvDim/aiA and the 
.Vn'ixozoA. the former compreliending tlie ZW/z/xv. and the latter 
ilic In the Hydrozoa the mouth is jdacerl (in a [irpjecting 

(ivid cone, wiiile in the Antliozoa it is sunk below the level of the oral 
circlet of tentacles, and tlie cvnity tleveloperl from and cimnectcd 
with the digestive cavity separates It.s wall from the body- wall and 
is traversed hy a series of vertical partitions or septa. As mo.4, of 
the hydroid polypes are essentially microscopic animals, they need 
to he described with .some minuteness ; whil.st in regard to the 
.\ctinozoa those points only will lie dwelt on wliich are of .‘^pcci;i! 
interest to tlie iniero.scopi.st. 

Hydrozoa.- -The type of this group i.s die Ifi/dm or fresh-\vater 
jiolvpe, a very (■•(aniuoii inhabitant of pools and ditches, whei’e it is 
iao.st Commonly to be found attached to the leaves oi' stems of aquatic 
plants, fioatiiig pieces of stick, Ac. Two s[)ecie.s are common in tliis 
couutrv, (he If. riVcf/s or green polype, ami the If. rtihjans, wlnVh 
i.s ii.snally orange-brown, but .sometimes yellowi.sb or red (its cnloui' 
ftcing lialile to some 'l ariatiou accoi'diiig to tlie nature of the food 
on which it has been subsisting) ; a third less common specie.s, the 
ll.fima, is distinguished from both tlie prc'cediug hy the length of 
its teutaele.s, which in the former are scai'cely ,•>> long as (lie body, 
whilst ill the latter they are, wlien fully o-xtended, many times longer 


Kin'ficUtftd'dia : the ‘ ('InAlciigt'r' Ijy St'liulw, Messrs. 

Rklh'y anfl Dt'ttrly, Pdlejaclt, iuid SoIIus; loul tlui lunvu'iuus mi-tiuiirs of Pndissors 
0. ScJiiJiidt a.iKl Schulze. More vecentlv ini))ovli'iit lulrlitious it) aur kimwledis'e of 
Spoitofs lijuc l>e«ji mach' hy Prof. Vves Deliwc ioid ilonslinu' E. Torseiit in the 
-f rc//. Zitol. Ji.Vfn-r. ri iini. 1893-'), hihI hy ih- 0. Mails in the .\fifth. Zi'io?. Sfiit. 
x. and elsewhere. 

‘ mi. Trtdin. 187;'), p, .")'2. It, should he noted Unit tin; lali' Professor Claus 
called afteiifinn to the ingestion of foreian iimlies hv anuelioid cellM of 
in 187 .. .See liis .Sdtriftr,i ZOol. luhitlh < Wien, ls74', l-JU. 

' Proc. <if lioji, Sor. vid. xxx. IBSU, n. lU, 

■' Qi'tui. Joiirt), Mientsv. Svi. u.s. vol. xx. 1880, p. 071. 

* Consult an interesting article on 'TuteiTellular Digestion, ' liy Melschnikoff, in 
Hfvuc Hcicnfitlriiir^ Her. iii. vol, xi. p. 
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(fig. 658).' TliH l)o<ly of the Hydra oonsists of a simple liag 
wlii(‘Ji may be regarded as a stomach, and i.s capable of vai-yii);v 
shape and dimensions in a very remiU'kable degree, sometiiia rt.x- 
tending itself in a .straiglit line so as to form a long narrow cvli],,],!,, 
at other times being seen (wlien empty) as a ininnte (•onti;i(.j^,l 
globe, whilst, if distended with food, it may present the foi-jn ,4 > 1 ^ 
inverted flask or bottle, or even of a button. At t,he uppt^r p]j,) ,jj' 
this .s;K* is ;i eentinl (opening, the montli ; and this is suiT«)un(li'(l !>; 

a circle of tentacles ov •■.xmi 



Fcr. (ir>8. — TTijdra fn-’icct, 'vvith a young 
at h, <in(l a more advanced bud at r. 


nsimlly from six to tHninimujlM-. 
wliich are ai-ranged with 
regularity around the nHfice 
The liody is pi’olonged at it.-slmvM' 
end into a narrow hase. \v]iic]j 
. is fiu'iiished with a sucUiriitltliM- 
j and the Hydra usually atl;ic]]i>. 
y itself hy this, while it allows it> 
i: temlril-like tentacles u> Ho;,? 
i freely iu tlie water. The wall 
'{ of the body is compost'd of tw.i 
' layers rd' cells ; ami I)ctweoii 
tlie.se, whi(‘li are tlie ectodeini 
and endoderm. there is .a deli- 
cate intermeiliate layer, wliioli 
forms the supporting laiaella.* 
The arms are made U[) of tlit' 
same materials as the hodv ; 
hut; their surlace is heset wirli 
litt/e wart-like jiroiiiiiienccs. 
wl>Adi, when (‘ai'efully examinnl. 
ai*^ found to be (“omjiosed irf 
elusters of ‘thread-cells,' liiivin;: 
a single large cell with a Ion;;,' 
spiculiim in the centre of each. 
' Tlie structure of these thmid- 
cells or ‘ urticatiiig organs’ will 
be described hereaftei' ; at |iir 
id sent it will be enough to jmiiil 
out that this apparatus, repertol 
manv times mi ea<‘li tentacle, is 


doidrtless intended to give to the oi-gan a great jireheiisile nower. 
tlie minute filaments forming a rough surface, adapted tojirevciit 
the object from readily slipping out of the grasp of the aim. wliiht 
the eentnd spicule or * ilart’ is projected .into its substance, [irohably 
conveying into it a poisonous fltiid secreted by a vesicle at its base. 


’ Oil the specific characters of Hjjdrti consult Haacke, xiv. 

[I. 1H8; and Jickeli, Ziiol. v. p. 491. 

- To this intermediate layer, My. G. C. Bminie applies tlie term toi' 

account of its variations and structure among the Co'lentera, and adiscnssioiyf' lU 
homology with the mesoderm of liiglier Metazoa, see his essay on Fiiinjinm\A 
xxvii, of the Quart. Jonrn. MkroHc. Sri. 11 . s. 
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The latter inference is founded upon the oft -repeated observation 
that if the living pi’ey seized by the tentac'les have a. body destitute 
of hard integument, as is the case with the luiuuto aquatic worms 
wliicli constitute a. large part of its aliment, this speedily ilies, 
,.ven though, instead of being sAvallo wed, it escapes from thcir 'grasp ; 
wiiilst. on the other liaml, minute Eiitoniostraca, insects, and other 
niiiinals or (n a, with har<l envelopes, may escape without injui'v, even 
jifter having been detained for some time in the poly[>eV eiiilnnce. 
The contractility of the 


tentacles (the interior 
of which is traversed by 
a {-anal tlitit coinmuni- 
eittes with the cavity 
of the stomach) is very 
remai-kable, es|)ecially 
ill the llydm fusca, 
whose arms, when ex- 
tended in search of 
jii-ey, are not less than 
seven or eight inches in 
lenjrtli ; whilst they are 
sometimes so contract 
ed. when the stomach 
is filled u'ith food, as 
to appear only like little 
tuhei'clcs around its en- 
trance. By m»uis of 
these instruments tlie 
ll}(lra is enabled to 
draw its suppoit from 
fuiimals whose activity, 
as compared with its 
own slight powTi's of 
locomotion, might have 
i)ecn supposed to re- 
move tlmm altogetlier 
from its re-aeh ; for 
wlien, in its niov^emeiits 
through the water, a 
minute worm or a water- 



fiea hapj>en,s to touch Fut. 059 . — CaixintnuUiria 


one of the tentacles of 


the polype, spread out as these air in readiness for prey, it is 
iimuefliatel}' seized by this; other arms are soon coiled around it, 
■‘uid the unfortunate "victim is speedily coin'eyed to the stomaclu 
"•ithin which it may frequently he seen to continue moving fur 
y)me little time. Soon, however, its .struggles cease, and its outline 
is f/bscured by a turbid film, which gradually thickens, so that at 
last its form is wdiolly lost. The soft parts are soon completely dis- 
•'^olved, and the harder indigestible portions are rejected tlnmigh the 
uioiith. A. second orifice has been observed at the lower extremity 


3 K 
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of the stomacih ; but this woiikl not seem to be properly reganle,] 
anal, sinee it is not used for the discharge of such exu\-i;i- : it 
probably rather to be considered as representing, in the Hy.lrn. tli^ 
entrance to that ramifying cavity which, in the compound 
brings into mutual eonnef'tion the lower extremities of the 
of all tlie individual polypes. 

The ordinary mode of reproduction in this animal is by a. •gviniini. 
tion ’ resembling that of plants. Little hud-like processes (fig. t>5« 
b, c) developed from its external surface gradually crane to resell b 
the parent in character, and to possess a digestive sac, moutli. airi 
tentacles ; for a long time, however, their cavity is conne(’ted ^vitli 
that of the parent, but at last the coinmunication is cut r^ff tiy the 

closure of the canal of tlie foot 



stalk, and the young polypt^ (juits 
its attachment ami goes in ijnest 
of its own maintenance, A 
second generation r)f huils i> 
sometimes observed on tlievdatij. 
polype before (putting its paveiit : 
and as many as ninete/'u voitiij: 
Ilpdroi in differrmt stages uf 
development have been seen this 
connected witli a single origiiuil 
stock (fig. 6(10). Tliis prtxr>s 
takes place most rapidly timhi 
the inhuence of warmth laid 
abundant food ; it is usually sn>- 
pend(Kl in winter, but may hr 
made to continue by kecjiing tin- 
polypes in a Avarm situation ainl 
well sup])lied Avith food. Another 
very curious endowment seems 
depend on the s:\me condition 
the extraordinary ]>o\vev vhidi 
one portion possesses of re|.'n'- 
ducing the rest. Into whatever 


Fig. 600,— fusca in gemmation : u, jj^^ynber of jrartS a Jfijdm iiiav 
mouth; Ij.bMo; c, origiu of ouo of the „i;iy n-tain it- 

vitality, and give origin to n 
new and entive fabric ; so that thirti/ or fort;/ ititlividnals iiwv 
he formed by the section of one. The Hi/drn also pro] >agates i 
hoAvever, by a truly sexual process, the fecundating ai)paratu>. (ii 
vesicle producing ‘sperm-cells,’ and the ovum (containing the .iieun 
cell; imbedded in a store of nutriment ada])ted for -V 71 

meut), being both evolved in the substance of the walk 
stomach— the male apparatu.s forming a conical l' 

beneath the arms, while the female ovary, or ])ortion ot t!a 
substan(;e in which the ovum is generated, has the 
knob protruding from the middle of its length. 
that sometimes one individual Hydra develops onlv the m.i _ 
or sperm-cells, while another develops only the female cysts m 
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sK’s; the general rule seeing to he tint the sjuiie nulividml 
loi-ius both organs. Tlie fertilisixtioii of tlie ova, howevi'r, cannot 
take place until after the rupture of the >perinatic (‘vst and of the 
(ivisac, l>y which the contents of both are set free, the autumn is 
the chief time for the developiiient of the sexual organs, hut they 
iilso present themselves in the earlier part of the year, chiefly be- 
nveen April and July. According to Kcker, the eggs of 7/. mridU 
]ir(Mluoed early in tlie stnson rim their coui'se in the summer of 
tlie same vear ; while those produced in the a\itumnpass the winter 
without change. When tlie ovum is nearly ripe for fecundation 
(lie ovary bursts its ectodermal covering, and rmiiains attaclied by 
a kind of {ledicle. It seems to lie at this stage that the act of 
lecundation occurs; a very strong elastic shell or (;apside then 
fci-ins round the ovum, the surface of wliich is in some cases studded 
with spinedike points, in others tnberculated, the divisions hetween 
tlie tubercles being polygonal. The ovum tiiiaily drops from its 
liedicle, and athiches itself by means of a mucous secret imi, till the 
liatching of the young Hydra, which comes forth provided wit h foiii- 
rndimeiiiary tentacles like buds. The Hydra possesses the power of 
live locomotion, being able to remove from the spot to which it has 
attached itself to any other that may be more suitable to its wants ; 
its clianges of place, however, seem nither to lie performed under the 
iiiliiicnce of Ihjht, towards which the Hydra seeks to move itself, than 
with reference to the search after food.^ 

Tlie mmix)iind Ifjidrokls may he likened to a Hfjdrd \vhose 
geiamat instead of be(‘oming detached, remain penirineiitly comu'ctcd 
with the parent ; and as these in their turn may develop geiimue 
from their own liodies, a sti'iicture of more or less .-irhoivscent 
character, termed a. polfjpaj-)i, may he produced. Tlio form which 
tills present, and the relation of the component polypes to each 
other, will depend ujiun the mode in which the gemmation takes 
place ; in all instances, however, the entire cluster is pu-oduced by 
continuous growth from a single imlividual ; and the stomaclis of the 
several polypes are united hv tubes, which proceed from the base ol 
each, along the stalk and branches, to communieate with the cavity 
of the central stem. Whatever may be the form taken 1)\ the stem 
and hranche.s constituting the polypary of a hydroid colony, tliey will 
iv found to be, or to contain, fleshy tulics having two distinct layers, 
the inner (endoilerm) having nutritive fuiiciions ; the outi'r (ecto- 
derm) usually secreting a hard cortical layer, and thus giving rise 
T<i fiibrics of various forms. Between these a muscuhu‘Coat is some- 
times noticed. Tlie flesliy tube, whether single or compound, is called 
a witosarc, and through it the nutrient mattei* circulates. The 
‘ ziioids,’ or individual members of the colony, are of two kinds : one 

p(>lf/pHe, ov aUmeidarp zdoid, resembling the Hydra in essential 

’ S vpry full account of tlie stnictuve anti cleveloiunt'ot (if ILjih'if lias been 
I'lililtsliocl by Kleinenberg, of whose admirable innno^rniih a sumiiiiU'v is given by 
(’I'tifcssor Allman, with valitsible remarks of liisown, in QuHrt.-Jtm >'ii. *SW. n.s. 

V'll. xi\ . 1874 ^ p. 1 , also the important (iiiper bv the kte M r. JctfiM'y Parker 
(ilrciuly cited. On the rhlorophyll corpascles of H, consult Brandt, Mitfh. 

Z<7uf. .S7uf, jv, p. 191; Hainann, Zoal An:-eig. \ i. fi. :)67; and La«k(‘ster 

‘pntrf. Journ. Microsc. Sci. n.s. xxii. p, 2‘29, 
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st ructuie. nml iiioie or less in aspect ; the other, tlie u,. 

sexual zooid, developed at eei^hiin seasons only, in Inids of piivticn],,,. 

shaped , ■ 1 • 1 . 1 

The simplest division of the Hydroida is lliat adopted l,y 
llineks,-^ who groups them under the suh-order Athemta ami Th-enia^ 
the latter heing again divided into the 1 h^'icaphot a and tlie ^ I Until <h 
i'kroa. In the first, neitlier the ‘ polyjates ’ nor the sexual 
iK'ar true protective aises; in the second the iKilyintes are hxlgi.lii, 
cells, or, as Mr. Hincks prefers to tnll them, cedpehs, many nf ^1,^], 
losemlde exquisitely formed cryshrl cups, variously ornaiuenti-d. aiMl 
sometimes furnislied with lids or opercula ; in the third, wliidi crai. 
tains the Hvdras, there is no polypary, and the reiiroductivc zlioid, 
(o-onozdoidsj are always fixed and developed in the hoily-walls. Ac- 
cording to Mr, Ilincks, the two sexes are sometimes home* on tlic 
same colonv, liut more commonly the /dWqihyte is (li(ecious. '1’]^. 
cases, however, lire much less rare than has been supi>Osed in wliid, 
both male and female are mingled on the same shoots. The seximt 
zdoids either remain iittache<l, and discharge tlieir contents nt 
maturity, or become free and enter upon an independent existence. 
The free forms nearly aluays hike the shape ot Mednst*' ( jcllydlsli). 
s\s imminii' hv rhi tlunical contractions of their 1 lell oi' umhiTlla. Tli.- 
divrestive'^oavity is in the handle (manubrium) of the bell: mid tte 
general ii e elements (sperm-cells or ova) are developed either bet wcci, 
the membranes of the manuhriiim or in special sacs m the caicb 
nnliatinir from it. The ova, wlieii fertilised by the spermitliwiii. 
luidergar-seginentation’ ticcording to the ordinary tyin?, tlie whu], 
volk-mass subdividing successively into two, four, eigdit. sixteen 
thii’tV“two or more parts, until a ‘mulberry mass ^is foiined, tlii> 
theirbegius to (dongate itself, its surface being at first siuontli ami 
sbowim; a transparent margin, but a fterwards becoming clot lied with 
cilia, bv whose agency tliese lit tle pluaido\ closely resembling eiliatcil 
Infiisoi-ia. first mnve\ihout within tlie capsule, and then swim iaifii 
freely when lihei-ated bv the opening of its mouth. At tins j.iennii 
the embrvo can be made out to consist of an outer and an iiuier 
laver of cells, with a hollow interior ; after some little time the cil]:i 
disappear and one extremitv becomes exi«!\nded into a kiinl nt dbc 
bi wdiich it attaches itself to some fixed object : a nmuth is funiio . 
niid tentacles sprout forth around it ; and the 1 »ody increases in ien.^th 
and thickness, so as gradually to acipiire tlio likeness of one d the 
pai-ent lifdypes. after which the ‘ ])olypary cl mract eristic of tlrngniim 
is gradnalb’ ei'olveil by the succes,si\e dexelopiiient 
fnmi the fil-st-formed poh pe and its suhseipieut offsets. Tlie 3[ediw; 
of these polvpes (tig. 6(53) belong to the .livision called ‘ naked 
an account i)f the eye-spots usually seen surrounding the margin •' 
tlie hell tit file base of the tentacles. 

A characteristic exniiiple of this production of , 

• gonozdoi<ls ■ is [iresentcd hv tlie form termed Sipicorf/ne ( g 
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fUil) belonging to tlie sul)-ov(lev Athcata. At A is siiov.-ji the -ili 
ineiitftvyzboid, or polypite, with its tentacles, and at 13 tlio sucees- 
,ive stages a, b, c, of tlie sexual zooids, or mediisa-bials. WJien 
sulli<‘iently developed the Medusa swinis awav, and as it .rl.o^vs to 
matnvity enlarges its nianvihriuin, so t hat it hangs below tlie i>ell 
I'he 3ledusa? of the genus Sunmrym (as now restinded) liave tlir 
lln-iu named Hama in Iiouour of the 8wedis]i naturalist Sars, Theii 
normal ehtiracter is that of free swimmers ; but Agassiz ascertoined 
that iu some cases towards the 

end of the breeding season the b 

sexual zdoids remain fixed, and 

mature their products while at- ^ 'I 

tached to the zdopliyted This Q 

latter condition of the sexual 
zdoids is very common amongst 

tlie llydroida ; and various inter- ^ w 

mediate stages may be traced in 

ililferent genera Itetween the ijj 

moile ill which the gonozdoids jj 

are }>roduce<l in the common j/ 

livdra, as already ileseribed, and ^ > j 

that of tSyncoi-yne, In y'ifbif- i j 

Itii-ia the goimzooi ds, though ' 

pcrimuiently attached, arc fur- ^A| i 

11 i shell with swimming bells, ! 

liaving four tubercles repre- m j 

seutiiig marginal tentacles, A ^ ! 

cMinmon and interesting syiecies, ^ j 

Tnhalai'ia iudia'sa, receives its ^ 

syiccific name from the infre- I 

(jueuev witli whicli lj\-anches are 
given off from t he .vtems, these for ^ 1 

the most part stamling erect and \ 1 

liarallel, like the stalks of corn, 

uiKiii the base to wdiich they are -r, ^ m # n ■, i i 

; , , . ' Fic;. aal,— Dt-vdopraent of .V»!{]nsa. imil> 

attactie^l. IJns beantitol zdo- m >V«Ad; A, aii orrWv 

plivte. which sojjietiines grow’s polY}te,witlutsdub-sliiir(‘<ll>o('lycovei-c'il 

between tbe tide-marks, but is B,aia)Iypoimttingfonli 

more aiiuiKlautJy obtained Viy a bud more advanced, tbe (jiudnui- 
dreilging in deey) water ofteii form of which, with the fimr 

.... wind, ..,d.rs it I?";" 

•s<ai(ct\ ft liuci'oscopic object, its more advanced, 
si (‘ins being sometimes no less 

than ;i foot iu height and a line iu diameter. Hevcral curious 
phenomena, however, are brought into view by microscopic exainina- 
tioiK The polype- stomach is connected with the cavity of the 
stem by a circular ojieniiig, wliicli is sumuuuled by a syihiucter ; 
■Old au alternate movement of dilatation and contraction lakes 
placr in it, fluid being ayiywrently forced up from below, and then 
expelled again, after which the spliiucter closes iu preparation for 
^ Hiucks, 0 ]). cit. p. 49. 
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a recurrence of the operation, this, as observed by Mr. 
being repeated at inteiTals of eighty seconds. Besides the foi 
uiovenieiit, a. regular iiow of fluid, carrying with it solid 
various sizes, may be observed along the whole length of tin- stein 
passing in ;i somewliat spiral <lirection. It is worthy of iin-uiit,,! 
here that when a Tubularia is kept in confinement the polyjic-lieiul, 
almost always drop otf after a few days, hut are soon ii-iuHvel 
hv a new growth from the stem beneath ; and this exuviatimi ,m,i 
regenevatitm may take place many times in the same indiviihi:i].' 

It is in the families Ccmpamdarikla and Sertnluriidii 
polypaiies are commoi\ly known as ‘corallines') that tlu- Inam 
hranching fahri(‘ attains it.s completest development, not onlv idlbifl 
iiig an investment to the stem, but forming mips or cells fertile 
protection of the polypites. as well as capsules for tlie repixMhictive 
gonozooids. Both these families thus belong to the sub-order Tltfaifa 
111 the Campajiulanida the polype-cells are campanulate or Ijt-!]. 
.shaped, and are boine at the extremities of ringed stalks (iig. <-); 
in the Sertvlaruda, on the other liand, the polype-cells lie along tin- 
stem and branches, attachcil either to one side only, or to hot It side.' 
(fig. 662). In both the gener.il structure of the individuid 
(fig. 651), B, d) closely coia-espouds with that of the Ilpdnf ; .Mini tlie 
mode in which they obtain their food is essentially the nuuc. im 
the pioducts oi digestion, however, a portion finds its way do\cu iiiti> 
the tubular stem, for the nourishment of the general fabric : lurl 
very much the .siuiie kind of circulatory movement can be seen ii. 

as in Tubulariii, the circulation being most vigoi-ou> 
in the neighbourhood of gro\\'ing pai'ts. It is from the ‘ co-iio.sd'c' 
(fig. 659,/) contained in the stem and hrauches that new jiulypv 
buds (/>) .are e\'olved : these cai-ry before them (so to speak) a iKiitioi: 
of the horn}' integimient, u liLch at first completely invests tlie luid: 
hut as tlie latter acL[nires the organ isiit ion of a |X)lyite. tlu* e:t't- 
thins away at its most prominent part , and an opening is fonii«l 
through whicli the young [lolype protrudes itself. 

The origin of the repixxluctive capsides nr ‘ gonotlicea* (f-) b 
exactly similar, Imt their destination is \ery different. AMtliii; 
them are evolved, l.)v a laidding process, the genei'ative organ-' of 
tlie zdo[)hyie: and tliese in the may either deieli*]* 

themselves into the form of independent medusoids. which tMiit- 
pletely det‘i(‘]i themselves from the stock that liore them, laahi* ihm' 
way out of the ca[)su]e. and swim forth freely, to mature tlu*!!' 
sexual [iroducts (.some developing .sperm-cells, and others ova), and 
give origin to a new generation of polyjies; or. in ca.ses in wliich 
tlie metlusoid structni’e is less distinctly [»ronounced, m.-iy not cuiii- 
plctcly detach tliemselves, but (like the fioiver-liuds ofa plant) expitnd 
one after another at the mouth of the capsule, withering and drup- 
ping off after they ha ve matured their generative prorlncts. In 
Sariv.lm'iidu, on the other liand, the iiiedusan conformation is want mg 
as the goiiozlioids are always fixed ; the re]n'oductive cells (tig- 1 ){> 2 ."). 
which were hhown by Profe.ssor Ixlward Forbes to l>e really metit 

1 The Bi’itisli Tidudarinla form the subject nf a most conn'lytc iuid l>eiiiil:tiu 
nmiiogi-apli by the late Professor Allman, published l)y the Kay Socicl.c. 
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iuor]>liose(1 branches, developing in their interior certain bodieswliich 
formerly supposed to be ova, but ^vldcli jire now known to be 
• iiiediisoids ’ reduced to their most rudimentary condition. Within 
these are developed— in separate goiiothecfe, sometimes wyham on 
distinct polyparies— spermatozoa and ova; and tiie latter arc ferti- 
lised by the entiunce of the former whilst still etmtained within 
their eapsules. The fertilised ova, whether produced in free or in 
attached mediisoicls, de\-eIop themselves in the first instance into 
ciliated * gemmules/ or planuhe, which soon evolve themselve.s into 
true polypes, from eA-er\- one of which a new I'omposite polyparv 
may spring. 

’There are few parts of our coast which will not sutmlv some, or 
other of the beautiful and 
interesting forms of zbo- 
phvticlife which have Ijeen 
thus briefly noticed, with- 
out any more trouble ivi 
.searching for them thini 
that of examining the sur- 
faces of I'ocks, stones, sea- 
weeds, and dead shells 
V)etw'een the tide -marks. 

3Iauy of them habitually 
ll\e in that situation ; and 
otliers are fi-equently cast 
up I.)}- the waves from the 
deeper \vaters, especially 
after a storm. Many kinds, 
liowever. can only be ol)- 
taiiied by means of the 
dredge. (_)f the remai'kabl e 
foniisdredgedby the ‘ Chab 
leuger’ mention can only 
be made here of the gigantic 
Tuhularian— J/b/?ora ofo ,<?— 
the stem of which measured 
se^■en feet four inches, 
while there was a spread 
of nine inches from tip to tip of the extended tentacles, and of tlie 
elegant J^treptocauln.s pnkhm'hnns. in wdnrli by tlie twisting of 
the stem the ultimate lumnles are thrown into ‘a graceful and 
beiUttiful .spiral.’ For observing them during their living state, no 
means is so convenient as the zbopliyte Trough. Tn mounting com- 
pound Hydrozoa, as \vell as Polyzai, it will Vte found of great 
advantage to place the specimens alive in the cells they are per- 
manently to oceiipy, ami to then add osmic acid dro]» by drop to 
tile sea-water ; tliis has the effect of causing the protrusion of the 
ammals, and of rendering their tentacles rigid. The liqui<l may Ix^ 
witltdiuvvn, and replaced by Goadby’s solution, Deane’s gelatine, 
glycerin jelly, weak spirit, diluted glycerin, a mixture of spirit and 
glycerin with s«i-water, or any other menstruum, by means of 
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the syringe ; mid it is weU to inoiwt specimens in sevn-ni ^\{[ 
fevent meiisstriiii, jnarkiug the nature and strength of ] 
some foimis are better preserver! by one and some I)y iniothei'. ! 
An exce]]ent metliod of preservation ]uis been discovc] <■,] 

M. Foettiiiger - in the use of (diloi'al liydrate : when id] tliV 
polypes in a. vessel (‘Oiitnining 100 c.c. of water are fully ex|imi(lei| 
some mystals of chloral hydrate are to be dropped into tlir* 
vessel ; these dissolve nipidly and gradually diffuse thi-ongli the 
water. About ten minutes later a little more cddoral should Ik* 
added, and in three-quarters of an hour the whole colony will h,* 
found t() have l)ecoiiie insejisible ; the advantage of this inolhod 
lies in the hmt that the fiction is merely narcotic, and that the tissues 
are not affected. When the influence is so complete that iriitition 
fails to produce retraction of the polypes the colony may be ])ut into 
alcohol. The size of the cell must of course be proportioned to tint 
of the object ; and if it be desired to mount smdi a spetdmen as nuu 
serve for a <*haracteristic illustration of the mode of growth of tin 
species it represents, the large shallow cells, whose walls are inatK* 
by cementing four strips of glass to the plate that forms the hoTtoiii. 
will generally be found preferable. The horny polyparies of tin 
Serinlartida, when mounted in Canada balsam, are beautiful oljects 
for the polariscope ; but in order to prepaie them Successfully sonn 
nicety of management is required. The following arc the outlines 
of the method recommended by Dr, Golding Bird, who very success 
fully practised it. The specimens selected, which should not excccil 
two inches in length, are hist to be sul)mitted, while inmierseil in 
water of 120°, to the vacuum of an air-pump. The ebullitioi! 
which will take place within the cavities will have the elleid, of free- 
ing the polyparies from dead polypes and other animal matter; aiiil 
this cleansing process should be repeated several times. The 
specimens are then to he dried, by hrst draining them for a few 
second-s on bibnlons paper, and then by submitting tbein to tlte 
vazniuin of an air-pump, within a thick earthenware ointineut-|XpT 
fitted with a cover, which has been previously heatejl to al)Out 200^ 
by this means the specimen.s .‘vre very quickly and completely driel. 
tlie water l)^^ing e^■aporated so (piickly that the cells ami tube.' 
liardly eollape or wrinkle. The specimens are then placed in 
eamphine, and again snhjected to the exhausting pi'ocess for the 
displacement of the air by that liquid; and when they liave heeii 
thoroughly saturated, they should be mounted in Canada balsiun in 
the usual mode. When thus prepared they become very beautiful 
traTis[tarent f>bjects for low magnifying powers ; and they present n 
gorgeous display of colours when examined by polarise<l light, witli 
the interposition of a plate of selenite, the effect being inucli eir 
ha need hy the use of blatk-ground illumination. 

No result of microscopic research w-as more unex[>ecteil timn 
tlie discovery of the close relationship subsisting between tk’ 
hydroid Zoophytes and the medusoid Acalephc (or \ielly-flsh ). 
now know that the small free-swimming mednsoids belonging tu 

1 See ^fr. J. AV. Morris in (puryf. Jouru. of Set. n s. vnl. ii. 1'- 

- ArckivdH f/fj Biologu^ vi, p. 115, 
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the ‘naked-eye’ gi'oup, of which Tkmmmticis (fig. 663) may he 
tnkeii as a representative, are really to be considered as the detaolu tl 
>exiial apparatus of tlie zdopliytes from which they have bct-n 

A 



K 



Fi('. tl()8, -A, Thmmaniias p 'tlofieUa , one of tlie ‘ naked-eye ’ Medusw : «, u, 
oral tentacles ; f;, stomach; r, gastvo-vasciilar canals, having the ovaries, 
tl <1, on either side, and tcnnijiating Id the marginal canal, e c, B, Than- 
Escfischolfzii, Haeckel. 


'ludded off, endowed with independent orguiis of nutrition und 
lo‘'(iii'otion, whereby they become copfdde of initinttiiniiig their own 
•■xisteiice and of developing theii' .sexual products. Tlie general con 
toviiiatiou of tliese organs xvill be understood from the act'onipiuiy- 
mg figure. ’ Many of this group are very beautiful objects for 
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microscopic e.v;iniiiiation, being small enough to be viewed 
the zoophyte-trough. There are few i)arts of the coast on wliii-Uthev 
may not be fouiub especially on a calm warm day, by skimminjj thi. 
surface of the sea with the tow-net ; and they are capable ni' 
stained and preserved in cells aftei- being hardened by oMnic udf 

The histctry of the large and highly developed J/edv/.,sc > 

LEPH.E whicdi are commonly known as •jelly-fish ’ is essenti.illvsinij 

lar ; for their progeny ha ve been ascertained to develop t la^iusc.lvf.s 
in the first instance under the polyi>e form, and to lead a lift' 
in all essential i‘es])ects is zdoph}*tic ; their development into 3Ic4n<e 
biking place only iu the closing phase of their existence, nud llieu 
rather by gemination from the original polype tlian by a inctHimn 
phosis of its own fabric. The huge f^kkostoina found coiiniioujv 
swimming lound our coasts, and the heautifnl reiiiiirkalil,. 

for its long ‘ furbelows ’ which act as organs of prehension, arc ocefiiiic 
acalephs developed from very small polypites, which fix tllf■lnselv^•^ 
by a basal cup or disc. Tlie embryo emerges fioni the esn U v of iK 
parent, within which the first stages of its development have fab-n 
place, in the condition of a ciliated ‘ plannia,’ of rather oblong fuiin. 
very closely re.sembling an infusoiy animalcule, but destifate of it 
mouth. One cud soon contincts and attaidies itself, howci cr. so .-js 
to form a foot ; the other enlarges and opens to foi iii a nionth. 
four tubercles sprouting around it w lihdigrow into tentacles ; uliilt 
a slit in the midst of the central cells gives idse to the cavity of tln^ 
stomach. Thus a hydra-like polype is formed, which soon ;tc([uin'> 
many additional tentacles ; and this, accoixling to the obsia-valkui' 
of Sir J. O. Dalyell on the H udm-tuba^ which is the polype stage nf 
the Ckrifsaora and other jelly-fish, leads in every important paitkiiliii- 
the life of a Hy<lra ; propi gates like it by lejieated gcnnaatioii. 
that whole colonies are formed as offsets from a single stock ; aii'l 
can be multiplied like it by artificial division, each segment dc\ cl] > 
ing itself into a peiffect Hjalm. Thei'O seems to he no definite 
to its continuance in this state, or to its pon er of giving origin t" 
new }X)lype-bnds ; but when the time comes for the developincut i4 
its sexual goiiozi>oids, the |n>lypo quits its oi'iginal condition of n 
minute bell with slender tentacles (fig. 064), assumes a cyliu- 
drical form, and elongates itself considerablv ; a constriction it 
indentation is then seen around it, just below tlie ring whicli encircle' 
the mouth and gives origin to the tentacles ; and similai’ coiistncti()i> 
are soon related round the lower parts of tlic cylinder, so as to give 
to the whole body somewhat the appeanuice of a rouleau cjf ooii>>: 
a soit of fleshy bulb, a (fig, 664, IT), somewlmt of the form of tb' 
original polype, being still left at the attached extremity, lb' 
number of ciicles is indefinite, and all are not formed at once, new 
<-onstrictions appearing below, after the upi>er portions have Viecmb- 
taclied ; as many as thirty or even forty have thus been proiluced m 
one specimen. The constrictions then gradually deei:)en , so as t<t diviilc 
the cylinder into a pile of s:iucer-like bodies, the division heing 

V See Professor Claus, TJiiffrauclnutficn Whvi'die Orfjit ttlHatiim fp/y?T«/avW-('!aCi 
rler Mcfhiseu, Prngiin and Ticipzig, ISSS, and Miss Ida IL Hj'db ‘ EjdvviclwJici,!' 
geschichte einiger Bcvphoinedusen,’ in Zeitsrhr, f. 7t'm. Zool. Iviii. p- v-ff’ 
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complete above, and the upper <iiw‘s ii^aally preseritiii^^ some 
increase in dmmeter ; and whilst this is taking place the edges of 
the dist'S become divided into lobes, each lobe soon presenting tlie 
lefr with the sup[K)sed laidimentary eye at the bottom of it, which 
to be plainly seen in the detaclied !5Ie<lus{e (fig. 665, 0). Up to 
this period, the tentacles of the original [)olype surmount the highest 
,,fthe discs; but l)efore the detachment of the topmost disc, this 
circle disappears, and a new one is develoijed at the summit of the 
liulh which remains at the base of the pile. At last the topmost 
:iikI largest disc begins to exliibit a sort of convulsive struggle ; it 



F[Cr. (»(i4. — T, two tuh(C {Sciiphhtoiiiu sfiig(a of ('unucii 

ropUIrita, with two [m, h] iiiulergoing fission (Sf)vOihiM:\gv). 

II, (( airl /i of fig, I tlircfi days later- In a the teutsules are 
developed beneath the lowest of the I'lphijriF, from the stalk 
of the StrohiUi, wliich 111 persist as a Hi/dra tube. (Afler 
Van Beueden.) 

lieconics detached, and swims freely away; and tlie same serie.s of 
changes takes place fi'om above downwartls, until the wliole pile of 
<lisc,s is <lctached and converted into free-swimming Aledusay But 
tlie original polypoid body still remains, and may retiirii to its 
original polype-like mode of gemmation, becoming the [wogenitor of 
a new colony, every member of which may in its turn l)ud off a }iile 
of Medussi discs. 

The bodies thus dcbichcd have all the es,seutial characters oi the 
adult Medusit. Each consists (ff an umlwella-like disc divided at 
its edge into a variable number of lol)es, usually eight ; ami of a 
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stoiiKicli, which occupies a considerable proportion of tlie 
projects downwards in the form of a proboscis, in the centre of \vliu i 
is the quadrangular mouth (fig. 665, A, B). As the aniinal ;i<l\;nues 
towards matunty the intervals between the sepnents of the 
of the disc gradually fill up, so that the divisions sire ol)]itt>] ;,t(,^, 
tubular prolongations of the stonnu-h extend themselves ovi*]- t],(! 
disc; and from its Ixarlers there sprout forth tendiil-like liliiuK.^i^ 
which hang down like a fringe around its margin. Fi'om the foui* 
angles of the mouth, which, even in the youngest detachefl nuhn;,] 
admits of being greatly extended and protruded, pi’olongations niv 
put forth, which form the four large tentacles^ of the adult. T]), 
young IVIedusae aie very voracious, an<l grow rapidly, so os to attaiii 



Fit}. Devt^lopnient of Cln'i/^dora fi'Din ]{ijih-n . 

rletached iadivitlnal viewed sidewiij>:, tuid eiiLvvged, sliowiji^ 
llie pi-oboseis a, and h the bitid hibes ; B, iiulividliiilseeii from 
above, sliowing the bifid lobes of the niariiiin, and the rinadn- 
lateval mouth ; C, one of the bifid lobes still more enlarj^yl, 
showina the vudimentary eye i?l at the bottom of tlie cleft; 

D, Stroup of young iiledusaf as seen swimming in the water, 
of the natural size. 

a \'ci'v large size. The Cjjatiet^r and which are coiiimuii all 

round our coasts, often have a tliauieter of from six to fifteen incljes; 
while Jlkhostoma sometimes reaches a diameter of fixtin two to tlarr 
feet. The quantity of solid matter, however, which their fabrics run 
tain is extremely small. It is not until a<lult age has been attaintd 
that; the generative organs make their a[)])eaiuuce, in lour clianibci'' 
disposed around the stomach, which fire occupied by plaited iiicni- 
hranous l ibbons containing sperm-cells iu t he male ami ova in da' 
female; ami the embryos evol\ed from the, latter, when they li:or 
Ifoen fertilised by the agency of the forniei’, repeat the extraortlinm'} 
cycle of phenomena wdiich has been nn^v described, developing tla'iie 
selves in tlie first instance into liydroid polypes, from wliich ineduNca > 
are .sid)se([nently bmbled ofi'. 
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This cycle of phenonicnn is one of tliose to U'hicli the tenu 

of geiiemtions’ ’svas applieil hy Stc-eiistrui),' who hvou^^lit 
f -tirethei' under this designation a immbor of c-ases in which genera- 
tion A does not lU'oduce a form resembling itself, hut a different form, 
11; whilst generation B gives origin to a form wlileli does not re- 
Mniihle itself Jnit returns to the form A, from which 15 itself sprang. 
It \\as early pointed out. liowevei'. by the Autlior*^ tliat the term 
‘alternation of generations' does not appropriately rejiresent the 
facts cither of this case or ot any of the other eases gr(m|>ed under 
the siinie eutegory, tlie real fact, being that the two oi-gain.sms. A 
and B, constitute two stages in the life-history of one ffiuif'railon. 
and the production of one form from the otiier being in only one 
instance by a truly geticvailve or sexual act. whilst in the other it is 
liY a. process of gmmatlon nr budding. Tims the Medmu- of lyoth 
orders (the ‘ naked-eyed ' and the ‘ co^ ereil-eyed ' of Forlies) are de- 
tached flower- Imds, so to speak, of the liydroid /ak)]ihvtes wliieh hud 
tlicm off, the zdophytic phase of life being the most conspicuous in 
such Thecata as Cumpaniihriida and Sf'rtidariida, uhose Medusa- 
buds are of small size and siin])le conforiiiation. and not nufreipientlv 
do not detach themselves as independent organisms; wlulst tlie 
Mediisiin phase of life is the most conspicuous in the ordinary Acalephs. 
i heir zdophytic stage Ixdng passed in such oirseurity ns only to la- 
detected by cai-eful research. The Author's views on this suhie(;t. 
whkdi were at first strongly contested hy Professor K. Forbes and 
other emiiuent zoologists, have uou' ciune to he generallv adophsl.^ 

Actinozoa. — Of this group the common sea-anemones may he 
taken as tv}ies. constituting, with their allies, the ordei' Zoaatharia. 
oc heliantlioi<l polypes, which have numei'ous tentacles disposed in 
stweral rows. Next to tliem come the Alc/piiaria^ consisting of 
those wh().se [)olypes, Imving always eight broad short tentacles, 
present a star-like aspect when ex[)anded ; as is the case with various 
composite sponge-like bodies. innx)ssess(al of any hard skeleton, wliieh 
iuiiabit our own shores, and also with the red coral and Ww Tidjipora 
of warmer seas, wliicdi liave a stony skeleton tlait is internal in the 
first ruse and external in the second, as also with the sea pens and 
the Goryonhf' or sea-fans. A third order, lingfisfi, consists of f().ssil 
corals, whose stony jiolyjtttries are intermediate in eharaeter between 
tliose of the two preceding. And lastly, the Gknophora. free-swim- 
ming gelatinous animals, iiianv of which are heautifnl objects for 
the microscope, are hy .some zoologists ranked with tlie Actinozoa.* 

Of Zoutithana the common Actinia or ‘ .sea anemone ' may 

be taken as the type, the individual })olypites of all the composite 
fabrics included in the group being constructed upon the .same model.’’ 
In hy far the larger projiortiou of these zoophytes, tlie liases of Ihe 

* fiis treatise 011 The AUvrimtlon of Gcueroflons, ii tVinislatioa of which has 
been imblislied by the Ray Society. 

‘ ihit. For. Meil. Chir. ilei'ieu\ vol. i. IStH, p. d anj. 

Compare Huxley, Anafooni <f lurrrfehrtihA Aiiiniah, j>, la:! ; and Balfuur, 
( uiij jurat ire Kiithrjjotojjij, i. pi. l.jf. 

* frofessor Haeckel, fed by the study of dtoinrio rtcudjihont, associates the 

Ctenopliora, with the Hydrozoa (Sifzniig.Ain'. JeaiiiHi'lir Grxriini ha ff, May 10, 187!M> 
_ •' On pic anatomy of Arfinia and its allies, see 0. jukI K. Hertwig’s luono.iiViiph 

m vols. siii. and xiv. of the Jetitd^che /rifi^chrift, 
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polypites, as well as the soft flesh that coiiiieets together tlie 
of aggregate masses, are consolidated by calcareous deposit int-, st<7- 
corals; and the surfaces of these are beset with ‘cells/ iisuallv of 
nearly circular form, each having uumevons vertiad plates or 
radiating from its centre towards its circumference, which 
formed by the consolidation of the lower portions of the rahtitinl 
partitions that divide the space intervening betw^een the stonuu li iuri 
the general integument of the animal into separate chambers. 
arrangement is seen on a large scale in the Fungia or ‘ mn.sin-ooiij" 
coiul ’ of tropical seas, wliieli is the stony base of a solitary aneuioiip 
like animal ; on a far smaller sctile, it is seen in the little ('nnif,. 
phyllla^ a like solitary anemone of our own coasts, wliich is scarcelv 
distinguishable from an Actinia by any other eliaracler tluiii tit/ 
presence of this disc, and also on the 8urfa(!e of many of those stoav 
corals known as ‘ madrepores ; ’ whilst in some of these the iinlivi' 
dual polype-cells arc so small that tlie lamellated arrangena'iit Ciui 
only be made out when they are considerably mtignifled. Poithms 
of the surface of sucli corals, or sections taken at a small depth, juc 
very beautiful objects for low [)owevs, the former being viewed Ijv 
refiected and the latter by transmitted light. And thin sections of 
various fossil corals of this gi-oup are very striking objects for the 
lower powers of the oxy- hydrogen microscope. An cxceedino'ly use- 
ful method of preparing sections of corals has been devised bvBv.C, 
von Koch ; the corals with all their soft parts in plate are hardene-l 
in absolute alcohol, and then placed in a solution of copal in chloio- 
form. After thorough permeation they are taken out and drieil 
slowly until tiie masses become quite lumd. These masses may now 
be cut into sections svitli a fine sa-w and rubbed down i»iia whotstoiiL- 
in the ordinary manner ; after staining, tlie sections mav be mounted 
in Canada balsam. The gi-eat value of this method lies in the fat 
that by it the soft and hard ])arts are retained in their ])ro])er rela 
tions with each other. ^ 

The chief point of interest to the microscopist, Jiowever, in tie 
structure of these animals lies in the extraordinary alnuidance and 
high development of those ‘ filiferons capsules,’ or ‘ thread-cells, Ahr 
presence of which on the tentacles of the hydroid polvjies has been 
alrejidy noticed, and which are also to 1)6 found, sometimes sjiarin^lv 
sometimes very abundantly, in tlie teiitacdes sm i-ounding the moutli 
of the Medusa, as well as on other parts of their l»odies. If a 
tentacle of any of the sea-iinemones so abundant on our eoa.^s (the 
smaller and more transparent kinds being selected in ]irefei'eiice) br 
cut off, ami be subjected to gentle pressure between the two glasses 
of the a(puitie box or the compi essoiium, multitmles of little tlait- 
like organs will be seen to project theiiiseh es fi-om its surface noav 
its tip ; and if the pressure be gradually augmented, many additional 
darts will every moment come into view. Not only <lo tliese oi gaiis 
}u-esent ditferent forms in different species, but even in one snid tie 
same individual very strongly maiked diversities arc slaavii, nl 
which a few examples are given in fig. 666. At A, K, C, 1^ 
showui the appearance of the ‘ iiiii'eroiis oipsules,’ whilst as yet tic 
^ See Zuohigiachpr Anzeiger, i. :]()\ aiul Pror, ZikA. Sac. Lojulon, IssO, p. ‘it- 
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tliroiul lies coiled up in theiv interior ; and at E, F, (I, H are 
;i tH- of the most striking form,, wliicii they exhibit when the thread 
or dart lia.s started fortfi. These tlivead-celLs are found not merely in 
file tentacles and other parts ot a ^ 

tlu' external integument cjf Ac- ^ fv 

fiiiOzoH, but also in the long iila- f|\\ M 

luetits which lie in eoils within j ml 

r]]e chambers that surround the 

stomach, in contact witli the My n 

sexual organs which are attaclied \|W l§ 

to the laiuellEe dividing the cliam- M/ 

her.':. The latter sometimes con- 
fain ' siterm 'Cells ’ and sometimes [ 

ova. the two sexes being here I 

divided, not united in the .same m *' ® j a 

iudividuai. What can be Die I a 

ollice of the filiferous ti laments | | 

thus contained in the interior of M X 

the body it is diificult to guess M / 

at. They are often found to pro- ^ v 

trade from rents in the external I '^5^. y % & 

tegument, when any violence has r \ / | p 

Iteen used in detaching the animal t- A ' 

from its base; and wdien there is L- / 'I ’ 

no externah'upture they are often If \/ 1 

forced through the wall of the i| '/ 

stomach into its cavity, and may J \ \ y ' \ 

he seen hanging out of the month. X ■ ] 

The largest of tliese Citpsnle.s, in y Y i / 

their unprotec:ted state, are aliont it ] 

of an inch in length ; while j | A 

the tiiread or dart, in Cori/h.adls A \ | 1 

Alhnaiuu, when fully extended I I ^ ^ \j 

is not less than |th of an incli, 1 / 
or thirty-seven times the length 11 
of its capsule.^ ^ 

Of tl le A k^onaria a character- \ 

istic example is found in the .1 ki/- A/ 

0,1 umi (ligitatim of our tniasts ; WKi .-Filiferous ciii.snles of .let/ 
a lobed si^ongedike mass, covered A, B, Ciiritnurfla .Uh»,in)ii\ 

v\ith a tough skin, w'hich is com- 
monty known under the name ot 
‘ dead-man’s toes,’ or liy tlm 

»m>re elegant name of ’ mermaid’s fingers,’ When a s}iecimen of 
this is first torn from the rock to wliicli it has attached itself, it 
cnnt\-acts into an unshapely ma.ss, whose surface jiveseuts notliing 


. Suturaliaf’/i lidiuhJca on thr Dcviiislnir Cmisf, ami ProU'ssor 

.li/tin.3, ‘ Ueber dcii Ban u.s.w. dev Nesselkapseln eiuiger Polypi'ii uml (^fiiallvn,’ in 
■^ohnndl. Xahirw. Vrreins zn Hamhin'^, Baud v. ISlUi, On tlu'rela-lionsof stiii^dng 
'■f'lls to the nervousi system, see Dr, v. Lrndenfeld, 0 'gn7. -hiurn. of Mln-im-. Sci. ii.s. 
xp'ii. j>. 8<1S. Oil the stinging cells of (Wleutera j^cncrally, see X. Iwanzoil in BiiU, 
onr. Moacow^ 1S‘J6, pp. and S'itl, 
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blit, a series of slight depressions arranged with a certain regul;aitv 
Ihit after being immersed for a little time in a jar of sea-vv.-iti-r th 
mass swells out again, and from every one of tliese dcpressittns ,11, 
eight-armed polype is protruded, ‘which resembles a flower af 
(jiiisite beauty and perfect symmetry. Tii specimens recently 
each of the petal-like tentacula is seen with a hand-glass to Ik,, fm-! 
nislied with a row of delicately slender johrafc or filaments, fvinxnjiw 
each margin, and arching onwards ; and with a higlier power 
pinna* are seen to be roughened tliroughout their w'linle length wit]| 
numerous prickly rings. After a day’s captivity, however, the petals 
sin-ink up into short, thick, unshapel)- mas.ses, rudely notcliedat their 
edges,’ (Gosse.) When a mass of this sort is cut into it is 
to be channelled out somewhat like a .sponge by ramifying canals ; tlio 
x eiits of w^hich open into the stomachal cavities of the polypes, which 
are thus brought into fiee communication with each other, :i dut- 
racter that especially distinguishes this order. A movement of fluj,! 
is kept up wdthin tl ie.se canals (as may be distinctly seen throuffli 



Fh;, 007-— Spicules of Alcijniii'iin 
and Govgonia. 


Fin. (>(18.— A, spicules of Gorffoitia tfitfhtio 
B, spicules of Mttricfd elongofu. 


their transpu-entliodies) liy means of i-ilia lining the internal sinfaccs 
of the polypes ; but no cilia can lie discerned on their external sur- 
faces. The tissue of this spongy pulypidom is strengtliened througli- 
out, like that of sponges, with mineral spicules (always, however, oil- 
careons), which arc rema rkable for tlie elegance of their forms; these 
are dis|X)sed with great regularity around the liases of tlie pelyiies. 
and even extend jiait of their length upwards on theii- bodies, lii 
the Ooryonla or sea-fan, whilst the ecntral part of the polypidoni b 
eonsolidate<l into a liovny axis, the soft flesh wliieh clothes tliisaxb 
is so full of tnbercidated spieules, especially in its outer layer, tlmi. 
when this drie.s up, tliey form a tliick yellowlsli or reddish incnistii- 
tioii upon the horny ,stem. This crust is, however, so friable that it 
mav be easily rulibetl down between the fi,ngers, ainl when exainincii 
with tlie microscope it is found to consist of siiicides of din'emit 
shapesand sizes, more or less resembling those shown in figs. 0(37, t 56 H, 
sometimes colourless, but sometimes of a beautiful crimson. ycHoiv. 
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or purple. These spicules are })est seen by blfick-gr(nind illinninailon. 
especially wlien viewed by the binocular inieroseojie. They are, of 

course, to be sepa- 
rated fi'oni tho 
A <*ibuial substance in 
/// L /li ^ nia nnei- as 
the calcareous spi- 
cul(*s of sponges : 
and tliey sliould be 
iiunnitedjike them, 
in Canada balsam. 
The spicules always 
[Kissess an organic 
basis, as is proved 
by the fact that 
when tlieir lime is 
dissolved by dilute 
acid H gelatinous- 
looking jesiduum is 
left 'which pi’eservp.s 
the form of the 
spicule. 

The Ctmophora. 
or ‘ comb-hearers.' 
are so naincil from 
the comh-Iike ur- 
raiigeineut of the 
ro’iv.s of tin\' 




I'u;. 1. Eitplohanth >si(ttivnh, nitli its lenUiclos 

i:\l(iTiiU'd, about twice the natural size; a?, mouth; 
otenophoriil plate ; t, tentacuku* apparatus, (After Chini.i 
'■i. Btagraiimiatic view of Honiiiphom plumosa., seen 
from the aboral jwle : e, as before: fr, tentacular vessel: 
r/', IKhn- plates, i After Chun, i 


Fio. Bfi-nr 

Forsknlif, shnw- 
iiitr tlie tubular 
prolongations of 
tin* stomach. 


■ paddles by the iao\'enient of which the l)odie.s of these animals a)'e 
pvupelled. A veiw Vieautiful and not uncommon reju'esentative ot 

8 L 
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this onler is furnished by the Ci/dippe^ pileit8(com^A\vii^. \vi-v 
commonly known as the'^ero^, which designation, however, pr,,p^. 
appertains to another animal (fig. 670) of the same grade of 
tion. The body of Cf/dlppe is a nearly globular mass of st)ft jelly, 
usually about gtlis of an inch in diameter, and it may be ohservell. 
even with the naked eye, to be niarkerl by eight bright banrh 
w^hich proceed from pole to pole like meridian lines. These IkhkIs 
are seen with the niici-oscope to be formed of rows of llatteiie,! 
filaments, far larger than ordinary cilia, hut lashing tlie water in 
the same manner ; they sometimes act quite independently of (u,,, 
another, so as to give to the body every variety of motion, Init 
'sometimes work all together. If the sunlight should fall ii jx.u ilxm 
when they are in activitv, they display very beautitul ividesceirt 
colours. In addition to these ‘ paddles ’ the Cfjdippe. is fiirnislicl 
with a pair of long tendiil-like filaments, rising troni the bottom (.1 
a pair of cavities in the posterior part of the body, and funiisliHl 
with lateral branches ; w ithin these cavities they may he <loul)lc<l ii],. 
so as not to be visible externally; sind when tlieyare ejectetl. wldd, 
(jften happens quite suddenly, the main filaments first come forth, mi.l 
the lateral tendrils subsequently uncoil themselves, to be dv:nvu in 
atniin and packed up wfithin the cavities with almost equal sudden 
ness. The mouth of the animal situated at one of the polrs lemV 
first to a quadrifid cavity bounded by four folds which seem torepie 
sent the oral proboscis of the ordinary Medu.sre (fig. 664) ; and rliiv 
leads to the true stoimiLdi, wdiich passes toward.s the opposite 
near to which it l)ifurcates, its branches passing towards 
surface on either side of a little body which has every appearance..! 
l)ein<^ a nervous ganglion, and wliieh is surmounted externally l.y;i 
frin^o,-like appaiutus I hat seems essentially to consist of seiisny 
tentacles.2 From tlie cavity of tlie stomacli tubidar [.rolongati.iih 
l>a.ss off beneath the ciliated bauds, very miudi as in the true lim. 
Wse may easily be injected with coloured Inpmls In the luiio 
diiction of the extremitv of a. line-pointed glass syringe into tli.- 
moiith. The liveliness of this little creature, which may sometimes 
be collected in large quantities at om-e by tlic stick-net. renders it ;, 
most beautiful suh'ject for oliservatiou wdicn due scope is given 
movements; but for the s.‘tke f)f inicroseoi>ie exauiination. it n ni 
course iieces<xirv to confine these. Ahiriou^ species of true 
some of them even attaining tlie si/.e nf a small lemon, areoomsinm h 
to be met with on our coasts, in all nf which the movenient> nt .h. 


the smfacf. bv two i.ores situated in the hollow of the frivi^e one on j'lt jor j! „ 
nervous ^'anglion. Thft Author, liowevor, has u.,>t been able to sati|>f> h • 

"uch ...celory ™res in «« ovd.m.vy y-,;,™,- '>>2™;”'" 
mpeitediy inj«-te.l their whole ohmeutMT cemil o.i.l t, 

tilely w-akheil the curreihs rroduc ed by ediery e.d,„in» the iid 1 1 
iiitr pi-olnncations, whioh currents always appear to him to Rtiun 
cvkimit.es He iv himself mdiued to l,elieve 

solely to the mitritioi. of tlie iieryous gal.oho.i ,iod i™t..c.>lar ■'! 1" * 
imbedaerl iso to speah) in tlie bifurcation of tlm alimentary canal, 
to draw its supply of uutriinent dii^ct froni that cavity. . j 

5 On the anatomy of see Knnei',/o.,foc/cWo',S/./'/M'/; 

Beroe ovoius, Tjeipzi<', ISTd. 
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hodvare etfected by the like agency of pjuldles turiingcd in iiiGridional 
li-nuU. These are splen<H(lly luminons in the dark, and the hnni 
iiOMtv is retained even by fragments of tlieir ])fKlies, being augmented 
l(v iontatioii of the water containing them. All the Cienophora are 
raproiluccd from eggs, and are already quite advanced in their deve- 
lopment by the time they are hatched. Long before they escape, 
indeed, they swim about with great activity within the walls of their 
diminutive prison, their rows of locomotive paddles early fdtainiug 
i lar^^e size, although the long Hcxilc tentacles of (.'tjdlppe are tlien 
o]ilv*^sh()rt stumpy protuberances. By Ccdopla/ta and Cienoplana 
tin- Ctenophora appear to be allied to the Plauariaii Worms.^ 

Tliose who may de.sire to acquire a more systeimitic iDid dctiulod ainiuaiiitance 
\, ith the zlioplivte group may bo especially referred to flie follmviii}4 treutises and 
jiieinoirs in adhitiou to those already cited, and to tlie various recent systematic 
ti'i'citisesoii ziiology Dr. Johnston’s Histori/ of Brlfifih^^oojthyfrs ; Professor Miliie- 
Kd'wards’s ‘ Reclierches sur les Polypes,’ and his ‘ Histoire des Corallaires’ (in the 
Sniit’s a Paris, 1857 ; Professor Van Benedeii, ‘ ^iur les Tnbulai res’ and ‘ Rur les 

(•iiiniMiiulaires,’ in Mem. (Je I’ Acad. Botj. <lc Bni.eeUes, tom. xvii., and his‘ Reeherches 
surl'Hist. Xat. des Polj^pes qui trequentent les Cotes de Belgique,’ op.cit.tom. 
xNxvi. ;"sir J. G. Dalyell’s Bare a ltd Rema rhthh' AnmadH of Scaihutd^ vol. i.; 
L-etnblcy's JVIc/w. pour aermr a VltiaUniy d'un (jeure' dv Fohjpe d'eun d(mre \ M, 
Hollard’s ‘Monographic du Genre .ictutia' in Aim. des Sri. Sat. scr. iii. torn, xv,; 
Professor Max Schiiltze, ‘ On the Male Reproductive Orgaiisof Ctiiiipaimiiirin (jnticH- 
hiia ’ lii ■Joani, Micr. Sri. vol. iii. Ib55,p. 59 ; Professor F. E. Reliuke’s imanoirs 

(Ml Cdi dylophora hfcii.$tris, Leipzig, 1871, and on Si/iicoyfjne, 1873 ; Professor Agassiz’s 
Iwautifiil monograph 011 Ainericim Medusie, forming the third volume of liis Co/?/jv- 
Ldams to the Natural Histor;; of the Vnifed Siafrn of America', Mr. Hincks’s 
Briflah Hitdroid Zoophytes ; Professor Allman’s admirable memoirs on Cordylophora 
and Myriothela in the P/i(7. Traits, for 1853 and 1875; Professor Lacaze-Dutliiers’s 
Hdt. Nat. dn Corail, Paris, 18(i4, and his essays on the Development of Corals, in 
vnU.'t and ii. of the Air/iG'CS ilv Zool. edpn-iineiitaJe\ Professor J. K. Greene’s 
Miiitutd (f the Sab-hiiiydoin Codeittei ata, whicli contains a bibliography vcryymr- 
pletc to the* date of its publication, and the articles ‘ Actinozoa,’ ‘ Ctenophora,’ ami 
' Hydrozoa ’ in the supplement to the Natural History Division of the Kiiylish Cycjo- 
ixnlio. Tlie Ctenophora are Kjrecially treated of in vol. iii. of Ih'oiessor Agiissiz’s 
('ontribniioiis to the Nafuial History of the Cndcd Slides. See also Professor 
Ahn. Agassiz's Seaside Studies in Noinral History and liis iUnsfraied Cataloyiie 
i>f the Mnseiim of Comparative Zoology at Harvard (.olh-ye', Professor James 
Clai'kiu .InuTiVo/i Journal of Seieorr, ser, ii. vol. xxxv. p. 318; Dr. I). Alaedonaldin 
Trans. Roy. Soe Kdhih. vol.'xxiii. p. 515 ; Air. H- N. Aroscley,‘On the Structure of 
a Species (!f MiUepora; in Bhil Trans. 1877, p. 117. and ‘ On the Structure of the 
St'ilastriPhe," ibid. 1878, p. 12.5 ; and on the AcalrphrefDmU'^^orlTdeAioVs, Beit rage 

Natnrgrschichte der Hyd corned nsen ; the masterly work of tliebrotliers Herlwig 
Das Nerevnsystem und. die Sinucsorgaiic der Medn.srn, 1878 ; amlq he memoir of 
Professor Schafer, ‘ On the Nervous System of Ancrlia anyda, in Fhil. Trans.lHlit, 
p. .7(13. Of later treatises Professor Kay Laukcsler’s article on Hydrozoa, in the 9tli 
edition of the Eney eloper ilia Briiaiinira\ the ' Challengrr' Reports vi 1 rofessor 
Allman on the llydroida (Plumulariidie only), Professor Haecke!^ (m the Medusaq 
Professor Aioselev on Deep-sea Corals, Dr. R. Hertwig on the Actiuiana, 1 roiessors 
E. P. Wright and Rtuder on the Alcvonaria, and Mr. George Brook on the Ant i[>alluiria ; 
llie mojiogi-aphs bv Dr. A. Andres on ActiniiO and by Dr. C. Clmn on Ctenophora, 
|•ubli^hca in the Fauna tntd Flora des Golfes nm Nruprl, diould bo consulted. 
I>r. Clmn lias made some progress wMh a general ac'couut of tlio Cioleiitera in Broun s 
; Tiiierreich; Bd, ii. Abth. '2. On fresh-water Medusa*, s.e Air. R. T. (mntlier 
in Qaarf. Jonrn. Mirr. Set. xxxvi. p. 281. 

> Ree Korolneff, Zeitsvhr. f. teiss. ZW. xliil. p. 'I'A.and Dr.A.AVilley Qaart. 
■Tmrn. Mirr. Sri. x.xxix. p, 
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As we ascend the scale of animal life, we meet with such a lajiiii 
mlvance in complexity of structure that it is no longer ])(),ssi))le tn 
iu;quaint oneself with any organism hy microscopic exfuuiuatiou 
of it as a. whole ; and the dissection or analysis which hec-euio 
uccessiirv, in order that each separate pirt may be studied in detail, 
belongs rather to the compiirsitive anatomist than to the mdinaiv 
iiiicroseopist. This is especially the case with the Kchtiwa (.sea 
urchin), AstHvias (star fish), and other members of the <-la.ss Keliin,,- 
deniKu of whose complex organisation even a general accmiut 
would be quite foreign to the purpose of this work. Yet tluae ait 
certain parts of their structure which furnish microscopic oT>Jcct.s ol' 
such beauty and interest that they cannot by any means be pissed 
by ; while the study of theii’ ernbiyonic forms, which can he pi'o- 
sccuted by any seaside observer, brings into view an oi-dta af facts 
of the highest scientific interest. 

It is in the structure of that calcareous skeleton wliiih 
under some form in iiearl}^ every meinlxu’ of tins class that the oitli- 
narv inicroscopist finds most to interest him. This attains its lii.rlicjri 
development in the Echi noldMi ^ in which it forms a ho.x-like shell oi' 
‘test,’ composed of numerous polygonal plates jointt‘d to cacli otlicr 
with great ivxactness, and beset on its external surface 'spiuc- 
which may ha\'e the form of prickles of no great leiigtl). or may Ir 
stout clulVshaped bodies, or, again, may be very long and slendo 
rods. The intimate structure of tlie shell is evcT-ywhere the suin': 
for it is composed of a i>eto:ork, wliich consists of carhouutc of him- 
with a very small quantity of animal matter as a bask and which 
extends iirevery direction (i.e. in thickness as well as in length amt 
breadth), its coWr/j or interspices freely eommunicaling with each 
other (figs, 671 , 672). These * areoke.’ and the solid strucUive winch 
.surrounds them, may bear an extremely \ ariable propntiun one 
the other; so that in tw'o ma.s.ses of equal size the one or the oflici 
may greatly predominate ; and the texture may have cither a re- 
markable lightness and pirosity, if tlie netwoi'k be a very open our. 
like that of fig. 671, or may possess a considerable degree ol conr 
pactness, if the solid [lortion be strengthened, (iciierallx >poi iiu. 
the different lavers of this network, ■which an* conueited tiywufi 
by pillars tiiat ‘pass from one to the otlier in u direction pcrpewhni 
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i:[i- ro their [)lnne, are so arranged that the perforations in one shall 
,.nrresix)U(l to tlie intermediate solid structure in tlienoxt ; and their 
1 lanspareiu'e is such that wlien we are examining a section thin 
<.uoiigh to contain only two or tlii'ee sueli layers, it is easy, ]jv 
jivoperly focussing the niicroseopo, to bring (dtlie’r one of them' into 
distinct view. From this very simple but very beautiful arran»e- 
iiieni . it comes to pass that the plates of which ’tin- entire ’tesf'^ is 
made up possess a very considerable degive of sti-fuigth, notwitli- 
^Taiidiug that their porousness is such tliatif a jjortionof a iractured 
i‘dge, or any othei pait fioni Avliicli the investing membrane has 
lieen removed, be laid upon fluid of almost any descrijition, this will 
l.e rapidly sucked up into its substance. A very beautiful example 
uf the same kind of calcai^eoux skeleton, having a im>re re<nil;ir con- 
foriuatioii, is furnished by the disc or ■ rosette ' which is <-ontained 
in the tip of every one of the tnljiilar suckers jiut fortli by ihclivijnr 
Echinus from the ' anibiilacral pores' that are >een in the rows 5’ 



Fin. ()71.- Sci'tidit of sliell of Et hinna 
slion-iii^ tin.' ca.k‘a.i't'inis network of 
whicfi it. is enmposed ; <r portions 
of iV deeper kyer. 



Fn;. ti7i2. — Tniiisverse section of cen- 
tral jiovl ion of s[Mni‘ of llrieroatu 
fi'oina, showing its move open nct- 
ivovlc 


"inaller [ilates interposed between tiie larger s])ine-bpai'jiig plafes of 
its box'like shell. If the (uitire disc lie cut off, ;uid hi* mounfed 
wlion dry in Canada balsam, the calcareous rosette may be seen 
-'urticieiitly well ; buf, its beautiful structure is better made out when 
the animal membrane that incloses it has been got rid of Viv boiling 
m a solution of cau.stic potass ; and the appt'arance of one of the 
five .segments of which it is composed, when tlius prejiari'd, is shown 
in fig. 1)74. 

llie most beautiful disj)la^' of tliis reticulated structure, however, 
isslmwn in the conformation of the ‘ .spines' of Krkiam, CUlam, <kv.., 
m which it, is combined with solid ribs fu* }>illai-s, dispo.se(l in such a 
manner as to increase- the .strength of these organs, a regular and 
'•lahmnte iiattein being formed by tFeir intern lixf.ure, whicli shows 
'Oii.uderable variety in difterent species. Wlicm we make a thin 
transverse section of almost any spine belonging to the genus 
(th(* small spines of our British species, liowever, being 
exceptional in this respect) or its immediate allies, we see it to he 
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made u}) of a iiuinhei' of concentric layers, arranged in a luanuei' tlj ,t 
strongly reminds us of the concentric rings of an ex()gen()u^ 



Fig. 07^. — Ti’ans verse seclioji ut spine ef Echiftoiiict rd , 


(tig, 67d). The nund>ei' of these layers is exl.reinely variahle, tlf*- 
pending not merely upon the age of the spine, but (as will preseiitlv 

ap])ear) upon the jriit of 
its length from wliiclitlu' 
section ha|)[)ens to in* 
taken. The centre is 
usually occupied Iw a 
very o[tcn network (fig 
()72) ; and this is boiniile<l 
by a row of transparent 
s|)}iees (like those at 't o'. 

b h', C d, Ae.. %. (37a)* 
which on .a cursory in- 
.spectioii iniglit be 
posed to he void, but ai*e 
Prc. G74.— One of tUe segments of tlie Civkaivoiis found on closer exiuaiiia 
skeleton of uu junbuUvcnvl disc of ivc7o a as, tioii to he the sections et 

solid ribs or pillars, wliicii 
run in the direction of the length of the spine, and form tlie exterior 
of e\-ery kyer. Their solidity l)ecoines very obvious when 
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^.jther examine a section of a spine wiiose substance is pervaded {;i,s 
often happens) with a colouiing matter of some dejjth, or when we 
l<tok at a very thin section by black-gi'ound illumination. Around 
flu- innermost circle of these solid jallurs there is another layer of 
rhe calcareous network, which again is surrounded by anotlier*ciicle 
of solid pillars; and this arrange] nent Jimy be rciX'ated many times, 
;is .shown in fig. 675, the outermost row of pillar.s forming tlic 
projecting ribs that are commonly to be <iistingui.s]ied on thesurfiice 
(>f t he spine. Around the cup-shapcd base of 1 1 le spine is a meml )rane 
wliicli is continuous with that covering the surface of the shell, and 
serves not merely to hold down the cup u[)Ou the tubercle over which 
it works, butalso by its contractility to mo\ e the spine in any required 
direction. The increase in size of the spine appears to be d\ie to the 
protoplasmic substance which fills up the spaces in the ojieii network 
•if the spine and other skeletal structures. Each ]iew formation 
completely ensheathes the old, not merely surrounding the part pro- 
\'i()usly formed, but also projecting considerably beyond it ; and thus 
it happens that the nuiuher of layers shown in a transver.'^e section 



Fk;. ()7o.— P ortion ot tViinsveisi* ^-Cftion oF sju'iu' ••{ 
iiKDuniiUritus. 


will depend in part upon the placr of that .section, Eoi' if it cross 
near tlie base, it will tmversp everv one of tlie sueces.sive layei's from 
the veiy commencement ; wiiilst if if; iross near the apex, it will 
fraver.se only the single layer of the last growth, notwithstanding 
that, in the club-shaped spines, this f erniinal jiortion may he of con- 
siderably larger diameter than the hasjil : and in any intermediate 
}tart of the spine, so iiianv lavei's will be ti“averscd as have been 
formal since the spine first attained that length. Tiie basjd [>ortion 
of the spine is enveloped in a reticulation r)f a \ erv close texture 
w ithout concentric layeiii, forming the caip or socket wliic'h works 
over tlie tubercle of the sliell. 

Their combination of elegance of pattern with richness of coloin-' 
ing renders we 11- prepared specimens of these sjjines auioiig the nio.'^t 
l>eautiful objects that the niicro.scopist can anywhere meet with, 
riic large spines of the various species of the genus I [eteroce^i troths 
furnish sections most remarkable for size and elaborateness, as w’eli 
as for depth of colour (in which last point, howTwer. the deep pnr]>le 
spines of Echinus lividus arc pre-eminent); but for exquisite 
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neatness of pattern there are no spines that can npproacli 
of Echinoraetra (fig. 673). The spines of StomopimisUs 
are also remarkable for their beanty. Xo succession of covuvntij^' 
layers is seen in the spines of the British Echini prohMl)!-^ Ij,, 
cause (according to the opinion of the late Sir J. G. l)alyell)‘t]^e^^ 
spines are cast off and renewed eA-ery year, each new fovination 
thus going to make an entire spine, instead of making mi artlition 
to that previously existing. Most curious indications mi* .some, 
times afforded by sections of Echinus-spines of an cxtraoidiumY 
])Ow'er of reparation inherent in these bodies, .bhi- iiTegiihiiiii,!^, 
are often seen in the transverse sections Avhich can be acroimtof) 
for in no other way than by sujiposiiig the spines to have receivhl 
an injury when the irregular part was at the e.vterior, and tn 
have had its loss of substance supplied by the growth of tieu 



Fn;. tJTli. section of a ^]1ine of (ioitioridoris jiiinc/f'nt, 

which shows that the prickles on the sjane are fonned, not by the 
crust only, but also by the inner reticular tissue. (From 


tissue, over which the siihseqiient layers have been formed as usual. 
And sometimes a peculiar ring may be seen upon the suitace ol <i 
spine, which indit'ates the place of a complete fracture, all lievoiul 
it being a iicav* growth, whose unconformableness to the older or 
basiil portion is clearly shown b}' a longitudinal section.' Tlte sjiine?; 
of Cklarifi pre.sent a marked departure from the plan of .structuir 
exhibited in Echinus; for not only are they destitute of concentric 
layer.s, but the calcareous network which forms their [ii‘iiicil';d 
substance is incased in a. solid (‘alcareous slieatli perforated willi 
tuhule.s, which seems to take the place of the separate jdllars ot the 
Echini. This is usually found to close in the spine at its ti[> ako: 

^ Sec the Author s description of such reparations in the Monilihj jl/a ri.ore/i'.cd 
JournaJ^ rol. iii. 1870, p. 2'15. 
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;,nd thus it woiik] appear tliut tlie entire ispineiiinst l>e formed at. 
niK-e, since no addition could be made either to its length or to its 
diameter, siive on the outside of‘ the sheath, where it is never to be 
tbund. The shejith itself often rises up in [)roiiiinent poinl.s oi- 
ridges on the surface of these spines ; but, as is shown in lig. G7(), 
tlie^^reticular portion may have a sh:ire iti tlie (biniation of the rings, 
'fills view of the mode of formation of the (Jidarid spine is con- 
tested by Professor Jeflrey Kell, who 1ms brought forward ' evidence 
to show tlmt if two spines of ditterent sizes be taken from two 
examples of Cidaris metnlmda^ also ditferiiig in size, the (pirintily of 
solid calcareous sheath seen in transverse section is proportionately 
less in the larger than in the smaller spine ; from this he concludes 
tint the growth is due to the internal reticulated portion rather 
than to the outer crust. The slender, almost tilamentai'v spines 



of Sixdamjm (lig. (177) and the innuiiierahle minutt' Imir-like pro- 
cesses attached to flic shell of Cbjjxoskr -aw com[)osed of the like 
regularly reticulated substance ; ■ and these are \eiT beaut ifnl ohjccis 
for the lower powers of the microscope, when laid iijion a black 
ground and examined by reflected light w it limit any further prepara- 
tion. It is interesting also to find that the same structure presents 
itself in the curious Pedicdlariu' (forceps-like l)odics often mounted on 
long stalks), wdiich are found on the surface of many Echinida ami 
Aslerida, and the nature of which was ibiiuerly a source of' mueli 
perplexity to naturalist.s, some ha\ ing maintmheil that they wei’e 
immsites, whilst others considered them as jiropev a])[nuiilages of the 
Echinus itself. The coinpleto confonnity which exists hetw'een the 
structure oftiieir skeleton and that of the animal to which they are 
attached removes all doubt of their being truly a])]ieiidages to it, as 
oh.servation of their actions in tlie living state would indicate.-' 

■yiutni. Mkrvav., Hue. 1884, p. 84r>. 

A. inunber of rare spines are desevibed ami fi^uvod by Prof. II. W . Jlai'bintosl! 
'H yols. xx,vi. {p. 475 iuul xsviii. ip]^. *241 and of tlie Truns. lliuj. Irish Anulniii). 

‘’ Emf. Alex. Agassiz has shown the relations of the IVdii-ellaria* to llic sjancs. 
•Huch information regarding tlio various forms n{ these enrions bodies will be, found 
111 Professor Periier’s memoir in the Sc. Xut. (5 vols. xii. and xiii. ; Mr Sladen s 
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Another exfiniple of the same structure is found in the 
framework of plates which surrounds the interior of the oral oihicg 
of the shell, and which includes the five teeth that may often l>e 
projecting externally through that orifice, the whole fonuing 
is known as the Mantern of Aristotle.’ The texture of the jdates 
or jaws resembles that of the shell in every respect, save that t lie 
network is more open ; hut that ot the teeth differs from it so widoU 
as to have been likened to that of the bone and dentine of vertelii atV 
animals. The careful investigations of Mr. Jame.s Salter,^ !iowc\ei-. 
have fully demonstrated that the appearances which have suggested 
this comparison are to be otherwise explained, the plan ot struct uiv 
of the tooth be ing essentially the same as that of the shell, altlioiigli 
greatly modified in its working out. The complete tooth 1 uis soiiie- 



Fig 678. -Sti'uctnrft of the tooth of EfliinyH'. A, vortical section, 

the funn of the apex of the tooth as proclacecl by wear, and rolanied by 
the. relative hardness of its elementary parts; n, the clear 00 . iden^sed axis. 
6, the body formed of plates; c, the so-called enamel; r?, the keel- h, 
commencing growth of the tooth, as seen at its hasc showing its U\o sys- 
tems of plates ; the dark appearance in the central portion ot the iippci 
part is produced by the incipient retrciihitionsof thedabelhfoimpiocessjs 
C, transverse section of the tooth, showing at a the ndge of the keel at 
its lateral portion, leseinbllng the shell m texture ; at c c, the enamel. 


wlmt the form of tliat of the front tooth of it rodeni, save thnt 
micavo si<le is strengthened by n projecting ‘ keel,' so 
y-evse section of the tooth presents the forui of a J[. us 
composed of cylindth-al ro<lsof carhoi iate of lime, n . 

extremities lying oblicpiely to the axis of the tooth (fag. k ‘ ' V 

these rods do not adhere very firmly together, so ^ * ,.,1 
to kee|> them in their places in making sections of the ■ 

essay in .-I mi. ami Mag. Eat. ^ r>),vi. in 101 ; and M, Foet, Unger’s paper m ^al. n- 
p. 455 of the .ArcJiihra ile Biolopif. Efiiiun^; 'k 

1 See his memoir, ‘ On the Strnctiu-e Ban dcr Sceigt'l- 

Phil. Tea ns. fur 1801, p. !187. See also {xiesbrecht, 
zahiie,’ Jahrhnrh, vi. p. 70, 
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convex suvtUce of the tooth (t^ c, r) covered ^vitli a fiviner layer, 
which has received tlie name of ‘enamel' Tliis is composed of 
slaii’ter rods, also obliquely arranged, but luuing a much more 
intimate mutual adhesion than we find among the rods of the keel 
The pvinci[Kd part of the substance of the tooth (A, h) is madcui> of 
what may be called the ‘ primary plates; These are triangular plates 
of calcareous shell-substiuice, arranged in two series (as shown at 
li). and constituting a sort of framework witli wliich the other parts 
to he jiresently described become connected. Tliese plates mav be 
seen l>y examining the ginwing base tif an adult tor)th that ^ has 
been preserved with its attaclied soft piirts in alcohol, oi‘ (which is 
preferable) by examining the base of the t(X)th of a fresli specimen, 
the minuter the better. Tiie lengtlieuing of a tootli below, as it 
i.s worn a\\ay above, is mainly eflected by the successive addition of 
new ‘primary plate.s.’ To the outer edge of the jahaary plate.s at 
some little distance from the base ^\■e find attaclied a set of lappet- 
like ap})endages, wliich are Ibnued of similar plates of calcareous 
shell-suhstance, and are denominated liy Air. Halter ‘scroudarv 
plates.' Another set of jqipendages termed ‘ Habelliform iiruces.ses’ 
is added at some little distance from the growing base ; these consist 
(tf elaborate reticulations of calcareous filires, ending in fan-shaped 
extremities. And at a fioiiit still fnrtlier fi'om tlie liase we find the 
different component, s of t lie tooth connect, ed together liy ‘soldering 
particles,’ which are miiiiite calcarenus discs interposed between the 
previoLislv formed structiU'Rs; and it is Ity the inci'eased develo}e 
incnt of this connective substance that the intervening spaces are 
narrowed into tlie semblance of tnbiili liketho.se of lame or dentine. 
Thus a verthnl section of tlie tooth comes to }iresent an ajipearaiice 
very like that of the bone of a vertebrate animal witli its lacunse, 
canaliculi. and lamella ; Init in a transverse section the body of the 
tooth bears a stronger resemblniice to df/itine ; whilst the keel and 
enamel layer more resemble an oblique section of PiniHf than any 
other form of shell- struct ui'C. 

The calcareous plates which form the less compact skeletons of 
the Asterokka (‘star-fish ’ and their allies) and of the ifpJdttrukJea 
(‘sand-stars' and ‘ brittle stars’) have the same textun* as ihosi' of 


tlie shell of Echinus. And this 
presents itself, too, in the spines or 
prickles of their surface when 
these (as in the great (jonuisUi' 

^qvesitrk or ‘ knotty cushion-star '' 
arc large enough to be fnriiisbed 
with a calcareous fl’ame^\■ol'k. An 
exam] lie of this kind, furnished by 
the d.s't/'oyy%iou, is represented in 
fig. 079. The spines with which pj,, 
tlie anus of the species of OpldothrU 
I brittle star ') are beset are often 
I'Hivuirkal lie for their beauty of conformation ; those ol (K pentu- 
pkffllviii, one of the most coinnioii kinds, might serve (as Professor 
hi. Forbes justly remarked), in [mint of lightness and heanty, as 



“I'alciUVOiis })ltilr and ( 
(i[ AHiniDhifti'ii. 
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models for the spire of ji f-iitliedral. These are seen to tlie ,uT(‘:itest 
advantage when mounted in Cairula balstim, and vie\v('d liv tl^* 
bin(X!iilar microscope with black -ground ilhmiination. It is inter, 
esting to remark tliat the minute tooth of OphiothrU 
with scarcely any preparation, that gradational transition bciween 
the ordinary reticular structure of i lie shell and the [>0('nii;a- siil|. 
stance of the tooth which in the adult tooth of the f*JrIuihts can 
only he ti'acetl hy making sections of it near its iKtse. The tooth, if 
Ophiothrix may be mounted in balsam as a transparent olijcct witli 
scarcely any grinding down ; and it, is then seen that, the luisul por- 
tion of the tooth is formed upon the open reticular planchiiiMctco istic 
of the ■ shell,’ whilst this is so modifietl in the older }>ortioii !iv suli- 
sequent addition tliat the upper part of the tooth lias a hoiie-lik^' 
charactei*. 

The c,al(*areous skeleton is very highly developed in the ( 'rlmthi, 
their steins and branches being made up of a calcareons network 
closely resembling tlait of the shell of the Echinus. This is extreindv 
well seen, not only in the recent Pentaxrinm rwicrhis, a. somewhat I'aii- 
animal of the West Indian seas, but also in a large prejtoition of 
the fossil crinoids, whose remains are .so abundant in many of tlu' 
older geological foi'inations ; for, notwithstanding that these Ijodie'- 
have been penetrated in the act of fossilisation by a mineral inliltui 
tion, wliich seems to have substituted itself for the oi-iginal fahric 
(a regularly (n-ystalline cleavage being commonly found to exist 111 
the fossil stems of Encrinites, etc., as in the fo-ssil spines of Eel liniila). 
yet their organic .structure i.s often most, perfectly preserve*!.’' In 
Ihe circular stems of Enerm itf's the texture of the calc:n*eoiis in't- 
work is uniform, or nearly so, througlumt ; but in the pentaii^iiLtr 
Pentacrini a certain figure or [lattern is forme*! by variatitais df 
texture in different })arts of i.he transverse section.^ 

The minute structure of tlie shells, spines, and otliei- snlid jinit^ 
of the skeleton of Echinoderma can only be dispLive*! by tliin 
sections maile iq>on thegeneral plan ah-eady ilescribed inEli:tpt*T \ J I. 
But their peculiar texture i-equires that cerf ain precautions slioiiW 
betaken; in the first place, in order to prevent the section Iraui 
breaking whilst Imittg reduced to tlie <lesirahle tln<'kness: ainl i'l 
the second, to pre\'eiit the interspaces of the iietwoik tnna beiiii; 
clogged by the particles abraded in the reducing iirocess. An illuy 
tration of a section cut from a s[nne of Echiiiomdra is given in 
tig. 67d. A section of the shell spine, or other purtii.)n of die 
•skeleton should first be cut with a tine saw. and be rul>l)e*l on a Ust 
Qle until it is about as thin as or*linarv canl after wliich it slinuM 
be smootlied on one side by iViction ^^ith water on a A\atci*-ol A}i 

■ The calcareous slvehitou even of living Ecliiii*:iih'nns has ivyryslalliue 
.as is very ohvioua in the more solid s})ines of Erltinoindnr, tVe. ; for it y • 1 < • - 

sawing these across, to avoi*t their teiulencv t*t cfro(.v///o ni the oblni'ie I ' 1 

calcite. And the Author is iiifoniied hy Mr. Sorby tlnit llic caloar<‘oi.is 
mis up the areoho of the fossilised skeleUin has Al'vaYst.hosamecrystiulmc^- 
with the skeleton itself, as is sliowii not iiun-ely by the umionnity * i*'’ ^ ‘ '« 
Imt by their similar action, on i>f)lai‘ised liglit. m fi 

Sec ligs, 71-70 of the Author's memoir **u ‘Shell Struct urc inthem^a-u , 
/he British AsmrUitiofi, 1847. 
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.4oiie. It tlieiu nfter waslung, be dried; first 011 white 

hlotting-p:’P^ih ufterwiwds by exposure for some time to a gentle 
ht«t, so that no water may be retained in the interstices of tlie net 
\v()rk which oppose the comtdete penetration of the (Janada 

iKtlsim. Ke>^t, it is to be attached to a glass slip hy balsam liardetied 
in the usual manner ; but particular care should be taken, first that 
|jie balsam be bronght to exactly the right degree of hardness, and 
second, that there be enoiigli iioi; merely to attach the sjiecimon to 
the glass, but also to s^iturate its substance throughout. The right 
deijree of liardness is that at wlii(“h the lialsjuu can be witli diilicultv 
indented by the tluiudwnail ; if it be made hanlev than tliis, it i.s 
a[it to cliip off the glass in grinding, so that tlie sjteciinen also breaks 
a\vav; ami if it be softer, it holds the abraded particles, so that 
rhe openiiigsof the network become clogged u’ith them. If. when 
nihbed dowm neaily to tlie reipnred thinness, tlie seetiou a]>j)eavs (o 
he uniform and satisfactory throughout, the reduction may he com- 
pleted wdthouf. displacing it ; but if (as oft en happens) some inequalilv 
in thickness should be, observable, or some uiimiteair-buliblesshouhl 
show themselves between the glass and the luider surface, it is de- 
sirable to loosen the siiecimen by the application of just enough lieat 
lo melt the balsam (special care being taken to avoid the production 
of fi'C.sh air-bubbles) and to turn it over so as to attncli the side 
last, polished to the glass, taking care to remove oc to break w'ith 
the needle point any air bubbles that there may he in the balsam 
covering the part of tlie glass on which it is laid. Tla; siiiface now 
hroiight uppermost is then to be very carefully gvoiiud down, 
special care being taken to kee[) its thiekiiess nniform tln-oiigb every 
part (w'liieh may be even better judged of liy tlie touch than hy tla* 
eye), and to carry the reducing process far enoiigii. without cariving 
it too far. l.^ntil practice sliall lane enabled the oj.crator to Judge 
<)f this by [massing Ids finger ovei‘ t he speidinen, he nnust have con- 
tinual recour.se to the microsco[>e flnring the latter stages of his 
work ; and he should hear constantly in iidnd that, as tlie specimen 
will become much more translucent when iiiooiited m liafsam and 
covered with glass than it is when the ground sui'face is c.\po.sed, lie 
need not carry his I'educing proees,s so far as to pi'oduce at once tiie 
entire translucenee he aims at, the attempt to accoinph'sli which 
would iinolve the risk of tlie ilestruetion of the s[)ecimeii. In 
■mounting' the specimen liquid Italsam should he enqiloved. and 
only a very gentle heat (lud sullicient to itriiduce air-bnhhles or to 
loosen the specimen from the glas.s) should he applied ; and if, after 
it has been luouiitod, the section should he found loo thick, it will 
he easy to remove the glass rover and to reduce itfnrtliec. care bung 
lakeuto harden to the proper digree the Irdsatii whicli has been 
newly laid on. 

If a number of sections are to be prepared at once (which it is 
often usefnl to do for the sake of economy of tinie, or in order to 
coTiipare sections taken from dilfereut parts ot the .siuiie spine), this 
may be most remlily accomplished hy laying them dow n, when cut 
on by the sawq without any preliiuinayv ])re|iai'ation sivc the blow- 
ing of the calcareous dust from their surfaces, upon a thick slip ot 
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glass well (‘overetl with liardeiieh balsam ; a large propni tiou r,f 
surface may thus be occtipied by the sections athxclied tu it. tlie 
chief precaution I'equired being that all the sections 
equally close contact with it. Their surfaces may then be bioiivli^ 
lo an exact level by rubbing them dowiij first upon a flat 
grit (which is very suitahle for the rough griuding of sucli scctioi^^j 
and then upon a large Water-of-Ayr stone Avhose surface is • ti-iu ' 
Wlieu this level has been attainetl the gi’ound surface is to Ite tvel] 
washed and dried, and some balsiim previously hardciie<l is to 
spread over it, so as to be sucked in by tlie sections, a moderate lieat 
being at the same time applied to the glass slide ; and wln-n tJiis 
has been increased sufficiently to loosen the sections witliout dvm- 
hejiting the balsam, the sections are to be turned over, one liv 
so that the [f rouml surfaces ai>e now to be attached to the glass slip 
special «ire being hrken to press them all into close contact with Ir, 
They are then to he very ('arefully i-id)bed down, until they are 
nearly reduced to the requij-ed thinness ; and if, on exaniinino; them 
from time to time, their thinness should be found to be 
throughout, the reduction of the entire set may be completed at oiu-c ; 
and when it has been cariaed suffi(*ieiitly far, the sections, loosened hv 
warmth, are to be taken up on a camel-hair brush dipped in torpen- 
tine and transferred to separate slips of glass whereon some liquiil 
balsam has been previously laid, in which they are to he uioiiuted in 
the usual manner, it more frequently liaj^pens, howcvei’, that, noT- 
withstanding every care, the sections, when ground in a nuinher 
together, are not of uniform thickness, owing to some of them 
underlain l>v a thicker stratum of balsam than others; and it is 


tlieii necessary to transfer them to se})^\rate slip.s before the rediifiiii: 
process is completed, attaching them with hai'ilened halsaiii. jiiid 
finishing each section separately. 

A \er\’ cuiious internal skeleton, foiined of detached plates nv 
spicules, i.s fijund in manj" members of this class, often fovuiin;? an 
investment like a cojit of mail to some of the viscera, especially tin- 
ovaries. The forms of these plates and spicules are generally >fi 
diverse, even in (dosely allied species, ;is to afford veiy good differ- 
ential characters. Tliis subjecd. is one tliat has been as yet lnit very 
little studied, ISlr. Stewai't being the only microseopist who has given 
much attention to it,'^ but it is well worthy of miudi more extended 
research. 

It now remains for us to notice the curious and olten very heaii- 
tiful structures which represent, in the class tlie solid 

calcareous skeleton of the classes already noticed. Tim grciUer 
number of the animals belonging t o this order are distiuguislmd 
the llexihility and absence of firmness f)f their envelopes; and c.v 
cepting in tlie case of the various s]>ecies which Iiave a set. of cat 
careous jdates. <lis])osed around tlie wall of the ])}iarynx, wc do not find 
among them any representation, that is apparent to the imassmto 
eve, of tliat skeleton which coimtitntes so distinctive a feat air ot tlie 


* See liirt niemoir in the Linni'an TvanH'ivtiottH^ \xv. p. o*'-); set- 
Jovrn, iUii/. Miomr. Sor, IHS:!, p. 1227. 
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class feiiei-’ally . ^ But a microscopic examination of their inte<rima-ut, 
•it once brings to view the existence of gretit luunbers of minute 
ij,olate(l plates, every one of them presenting the chainctevistic ve- 
tioulatetl structure, which are set uith greater or less closeness in 



Fl(i. (J8t). — Holotlun'ioidea; I, ,SO'r/((jy;//.s' Ki jcr^iciuli : (/, craJrmrf'oiis 
plate of saiue; /), r, caleaveou-. ptaos nf I'itf/iiiniiiihi ; 

(I, the same of H. iultaOilin; r, tlie .^anie of H. fj(/fcU>/<;; j\ of Jl. 
jKwhditi: (/, of H, edtdis. 


the siil)stancc of the skin. Yarioiis forms of the plates wliicli tlnis 
]H‘esent tliemselves in lloloth.m'Hi are sho^vn in fig, (3BfK- In the 
one of the long-Viodied forms oi' this order, whicli idMiimds 
in the Med iter ran ean Sea, and of ^^■llicll two s])ei‘ies (tlie S. dh/iUtUt, 


A B C 



Fin, 6SL — Calcareous HUi'k'lon of Siiu'ijif't A, plate imlaskloil in 
skin; B, tlic .same, with its aiicliiu'-tiki,’ spine attached ; C, aiu-lior- 
like spine seimratcd. 

tmd .V. iiilt(i>rei(s) ucctrsionally occur upon I'lir own cua.sts.’ ilu; cal- 
caivous plates of the iniegtunent litive the regular form sliown at A, 
fig. 681 ; mill each of these carries tlie curious aiichor-likeajtpeudage, 
U, \vlii<‘li is articulated to it by tlie notched piece at the foot, in the 

‘ For !ui account of a very remavkaliU: form sec MoshIcv ‘O n the PharytiN of au 
uiikiKiwn Holotluu'iiin, of tlie family OenilvocliiioUip in winch the calcareous skidelon 
is remarkably developed,’ Quart, 'Junru. df/ej’osir. Sri. n.s. x\iv. p. 

- For figures of the spicules of British Holcthurians, see Bell, t aiuJugur 0 } fit*' 
Bi 'fiah Krhiiunhrinx, London, 1S9'2, jds- i.-vi. 

‘On the spicules of Sijiiopta, togellicr with stnm- general remarks <iii the archi- 
fecUire of EiFinoderm spicules,’ consult K. Scmnn, Mitth. Z'iuK Shil . ,\c./yW, vii. 
p. 27'2. All excellent sum inary of our knowledge of the sjiicnhs nf Hulollninans is 
given by Prof, T.udwig in his soluiiie in Brnnn’s Thtcnrirh, pp. 
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manner slitnvii (in side view) at B. The anehor-Uke 
jirojeot from the surface of the skin, and may be considered as re. 
presenting the sjaiies of Eehini<lH. Nearly allied to the Syuapta is 
the CUridota. the integument of which is entirely destitute of 
‘ anchors/ but is furnished with very remarkable wheel-like jJates- 
those represented in fig. 682 ^ire tbund in the skin of Oldriikto 
viokwea, a species inludhtiiig the western parts of the Indian Oceau 
These ‘ wheels ’ are objects of singvilar beauty and delicacy, lieinu 
especially remarkable for tbe very minute notching (sc-arcclv to C 
discerned in the figure without the aid of a magnifying glass) whidi 
is traceable round the inner margin of their ' tires.’ TherfM-aii lie 
scarcely any reasonable donlh that almost every ineml)er oftllIsciil^^ 
has some kind of calcareous skeleton disposed in a manner confonu- 
able to the examples now cited ; and it is now generally ackiiow 
1 edged that the marked peculiarities by wiiicdi they are respectivch 
<listingnished are most useful in the determination of genera arut 
species.^ The plates may be obtained separately by tlie 

method of treating the sldn 
with a solution of potass, juid 
they should be mounlcd iu 
(Jana (la, balsam. But their 
tiou in tlie skin ciui (uilv te 
ascei'tained by making section^ 
of tlm integimient both vortittd 
and parallel to its sm-face : and 



Fig. {58‘2. — Whcel-likf phiti's fro:ii ssiii of 
Chiriddtii riohfccal 


these .sections, wlien dry. arc 
most advantageously mounted 
in the siiiiie inediiiin, hv uiiicii 


their transparence is greatly increased. All the objects of tliis 
are mo.st beautifnllv displayed by tbe black-gvonnd ilhiminatiou. and 
their solid foiaiis are seen witli increased effect under the binacular. 
The black-ground illumination !ipplie<l io rf^rt/thiu sections of Ecliiiiie 
spines brings out some eflet'ts of m:u•^■ellous l ieanty ; and even in these 
the solid form of the network connecting the pillars is Ixitcr sivn 
with the bincx-iilar than it can be with tlie ordinary microsco|ie.^ 
Echinoderm Larvae. — \\”e have now to notice tliat most rciuark- 
able set of objects furnisbed t(^ tbe microseojm- iiupiircrby the/ro’)vi/ 
states of tins class ; for our first kno\\dedg(‘ of winch we wtar in 
debted to the pain.staking aiul widely extended inxestigatioin at 
Professor J. IMiiller.'’ All that oniTimits permit is a notice of tAvo cl 
the most curious forms of these larva'^ by way of sample of the wou- 


1 No systfiinat ic a(.'Cf)Uiit of a s|ieciL>s of Holotlinnitii can bo rci^iwled iis coiui'ldc 

which does not contain an account of the form of its s[uculcs, wlicn tlicsc are 
Figures of varioub fornib will t)e found in ProfiJssor Scnija-r’s //cosca nil Arrliqnit'o 
Fhilippineu: HoJofhurhui, Dr. Thfcls ‘ V/fry-orf.v, amlthc i»nr^ hi 

Professors Bell, Ludwig, and Selenka. . 

2 Ifcraavbe here ]>oiiitcd nnfc that the reticulated iq>pearaiKaMs somctinics iiy 

ceptive, wliat seems to be .'so/Zc/ ..network beiUi; in inaii.v instances a nct\u>i., 

of passages cluiiiindled out in a solid calcareous snbstancre. Bepvcen ‘■J-''; 

ditions, in which the relation bedweeu tli(' solid fi'umework and the inU‘rveniM;i 

is completely reversed, tbeve is every intei'inodi ate lii'adatioii. lUvi.. 

5 Of later works consult es]ieciaUy the ‘Selections honi Enibryilo^ical Jie. ^ 
^^raphs, ii. EeliiiKKlermata,' edited by Mr. A. Agassiz, in vol. ix. of the . , 

Musetoit of doiiijtfO'oficv Zikdo/pj, 
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arvful pl)enonieiw which ]iis reseHrclies hrouglit td light, and to uLich 
rlic attention of niiei'oswjpists wdin have the ojtport unity of studying 
iliem should be the move assiihumsly directed, as eveii the luost dcdn 
of tliese organisms have been found raj)ahle of .such {leitect 
pvoseiu'ution as to admit of being .studied, wlien mountctl as pre- 
jtnrations, even better than when alive. The laiunl zuoids ha\ e, })y 
>fcondary adaptations to their mode of life, a(‘(|nired a tyiie qniu* 
different from that which characterises the adidts; for iusteatl of a 
symmetry they exhibit a InlaUml^ tiie two sides being ju-e- 
ris(dy alike, and each having a ciliated fringe along the greater part 
(IV tlie whole of its lengt h. The 
TWO fringes are united by a 

superior and an inferior trails- ^ 

verse ciliated band, and be- 
tween these two the mouth of 

the zdoid is always situated. 

'I’lie external foiins of these 

larva', however, vary in a most ^ 

I'cmn rk able degree , o wi ng to the j 

unequal evolution of their dif- /'H / V \ 

forent part.s; and there is also J/ Lt 
a considerable diversity in the (j 1 j ^V, 

several orders as to the pi'ojior- | 

tioii of the fabric of the larva ^ X 

which enters into the compo- A 

sitiou of the adult form. When 

the 3 'oung begins to aequire the \ - . N ' x 

cliamcters of the fully developed \ ) 

star 'fish and sea-urchin, the " / 

parts which are not retained 
shrivel up, and their substance 

goes to feed the T'oung form. ..r larv.v 

One of the most remarkable of pifer-fiH)! ; u, mnuili: <i\ icMijiliajins: y 
forms of Echinoderm larvie is intestOialtobo ;uh 1 aiiiU r.fnrmw 

/.i i !,• 1 1 ■ 1 .1 in which the moutli is sinnitHl; r/ (/', hi- 

riiat which_ has received the ]ohed pdnnde; l, 2 , :j, 4 , y<t, 7 ,ci]iatc,l 
name of Ihptnnaria (fig. 68.A). amis, 
from the symmetrical arrange- 
ment of its natatoiy organs. The moutli (u), \\hi<‘h opens in llie 
middle of a transverse furrow, leads througli an (esophagus. to a 
large stomach, around ivhich the body of a star-fish is devekqiing 
itself; and on one side of this mouth are observed the intestinal 
tube and anus (b). On cither side of the auteiior jjorllon of the 
I'ody are six or more nariw fin-like appendages, which are fviiigi'd 
with cilia ; and tlie posterior part of the body is prolonged into 
a sort of pedicle, bilohed towards its extremity, which also is 
<'ovcred with cilia. The organisation of this larva, seems ('oiupleted, 
;md its movements through the water become very active, before 
’ he mass at its anterior extremity presents anything of the aspect of 
the star-fish, in this respect corresponding with the movements of 
the Plutens of the Echinoidea, The temporary iimnfh of the larva 
does not remain a.s the permanent mouth of tlm star-fish ; for the 
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(i 3 S 0 i)Uagus of the latter enters on what is to become the dor.sil side of 
its body, and the true mouth is subsequently formed by the tliiiminjr 
iiway of the integument on its ventral surface. The young 
is .sepniuted from the 'Ripinnarian larva by the forcible conn fictions 
of the connecting stalk, as soon as the calcareous consoliilation of its 
integument lias taken place anil its true mouth has been fonii(-d.ln,f 
long before it has attained the a<Uilt condition ; and as its iiltoi-i„i 
development has not hitherto been observed in any instance, it is not 
yet known what are the species in which this mode of evolution 
prevails. Idic larval zooid continues active for several days alter it> 
detachment ; and it is possible, though perhaps scarcely inolfatlc. 
that it inav develop iinother asteroid by a repetition of this pioc(i>s 
(if gemmation. 

in the Bipinnsiria, as in other lar\'al zooids of the 
there is no internal calcareous framework ; such a framework, liow- 
ever. is fotmd i n the larvaj of the Echinoidea and OphitrrokUa, of 
which the form delineated in fig. G84 is an example. The eiiiliiyo 
issues from the ovum as soon as it has attained, by repeated ‘seg 
meiitation ' of the yolk, tlie condition of the ' mulberi'y-inas.-;; jui-l 
the superficial cells of this are covered with cilia by whose u^eiuv 
it swims treely through the water. So rapid are tlie early ]aoccs.srv 
of development that no more than from twelve to twemy-foin 
hours intervene between fecundation and the emersion of the eiiikno. 


the division into two, four, or even eight _ sepients taking ptnH 
within three hours after impregnation. Within a few hours :ifTei 
its emersion the emiiryo changes from the spherical into u sub- 
pyramidal form with a flattened base ; and in the (‘cnti e of tlii^ 
L.se is a depression, which gradually deepens, so :is to form a mouth 
that communicates with a cavity in the interioi- of the body ivhicli 
is surrounded bv a portion of the yolk-mass that h.as returned to tlu- 
liquid gra nular kate. Subsequently a short intestinal tube is fuiind. 
with mi anal orifice opening on one side ot the liody. Hie jivruiiiiil 
is at first triangular, but it afterwards becomes quadrangular; aiul 
the auirles are greatly prolonged round the month (or base), whilst 
the apex of the pyininid is sometimes mvioli extended in the opposite 
direction, but is ^sometimes rounded oil* into a kind of dome (fig 
684. A). All parts of this curious body, and es[)ecially its iiiosi 
])roiectiug portions, are strengthened by a framework of thread lik'* 
calcareous rods (e). lu this condition the embryo swims ritelv 
tlirough the water, being propelled by the action of the cilia 'vliicli 
clothe the four angles of the iiyramid and its projecting lu-iiis am 
which are sometimes thithly set upon two or four ]>r(>h‘cting \o^ 
(/) ; and it has received the designation of dne im.iiit!i i> 

usualh’ surrounded hy a sort of jiroboscis, the angles oi '' ’ ''’J 

prolongeil into four slender processes {g, t/,g, ^), shorter tlmiitic o 
outer legs, but funiislied witli a similar calcareous frainmy'i '• 

The first indication of the production of the t-clmun 

its 'pluteus’ is given by the formation of a circular disc ( ^ • 

A. <:) on one side of (he central stoiuiudi (?>) ; and . 

presents five prominent tubercles (B). winch subsequen } ' 
elongated into tubular processes, wliich will form > 
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(■ t ‘ of tlie adult. The disc gradually extends itself o\'ei' the stoma<-h. 
mi between its tubules the rudiiueiits of spines are seen to [)rotrudi* 
/ i)\ ■ these, with the tubules, increase in length, so as to project against 
the envelope of the pluteus, and to push themselves through it ; tvhilst, 
;,t the Siune time, the original angular appendages of the [hiteus 
(liminii^h in size, the 
ciliary movement bc- 
cojiies less active, being 
snpcrse<led by the action 
of the suckers and spines, 
uiid the mouth of the 
pluteus (doses up. By 
the time that the disc; 
iias grown over half of 
the gastric sphere, very 
little of the pluteus re- 
iiiaiiis, except some of 
the slender ealcareons 
rods, and the 11 urn her 
of suckers and spine.s 
lupidly iruTeases. The 
calcareous framework of 
the shell at first consists, 



like that of the star- 
fishes, of a series of 
isolated netwoi'ks de- 
veloped between the 
cirri li, and upon these 
rest the fii'st formed 
spines (D). But they 
gradually become more 
consolidated, and extend 
thenrselves over the 
gi'anular mass, so as to 
t'oi-ni the series of plates 
constituting the shell. 
The mouth of the Echi- 
nus (which is altogether 
distinct from that of the 
pluteus) is formed at 
that side of the granular 
uias.s over whicli the 
.shell i.s last extended; 
and the first indicution 
of it consists in the ap- 


D 



Fio. 684.— Eiiibrycmic! developuieiit of Echinifa : A 
Pluteus htri'o at the time of the first appearance 
of the disc ; u, mouth, iu tlie midst of tlie fonr- 
pron^ed proboscis ; I, stomach; r, Eehinoid disc; 
<J, (t, d, d, four linns of the pluteus-body ; c, cal- 
careous framework; f, ciliated lobes; (/, if, 
cilitited proii'ossrs nf the proboscis; By disc: with 
the first indication of the suckinji-feet: C, disc, 
with tho origin of the spines between the tubular 
sucking-feet ; D, more advanced disc, with the feet, 
(I, and s])ines. a:, iirojecting cousideniMy from tin* 
surface. (N.B.— Tn B, C, and D, the Pluteus is not 
represented, its parts having undergone no change, 
save iu becoming relatively smaller.) 


pc.n .iiicc of the five cal- ^ . . 

("ireoiis concretioiis, which are the summits of the five portions o 1 ^ 
flic Iraiiiework of jaws and teeth that suiiaumd it. All traces oi 
the original pluteus are mu' lost; and the larva, which now 
pre.sents the general aspect of an Eehinoid animal, gradually 
augments in size, multiplies the number of its plates, eirrhi. and 
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spines evolves itself into its particukv generic and spec-ilii tyi-e. 
nnd undergoes various cluinges of internal structure tending t*! 
the development of the complete organism. ^ ^ 

An exklent siimmai>y of the^ developmental history <,f t],,, 
several Echiiioderm tyiies, with references to Uie principal nicindiis 
which trejit of it, will be found in Chapter XX. ot Air. ilalfouv, 
^Comparative Embryology,’ and in Professor A. Langs • didnl,,,]. 
.lev ver.deichemleii Anatomie,’ which has been translated into hiiglidi.-’ 
In collecting the free-swimming larvae of Ec-hinodenna the ..tid 
net should be carefully employed in the manner already d.sonl.od, 
and the search for them is of course most likely to be succpssiul iij 
those localities in which the adult forms of the respectixe sjKcihv 
abound and on warm calm days, in whkdi they seem to come to d„ 
surface hi the greatest numbers. The following mode of |>r(‘i)aiinj; 
and mounting them has been kindly communicated to the Autlio,- 

bv Air Percy Sladen ‘ Eor killing and preserving echmodenn zlioids. 
fhave come to prefer either osmic acid or the pim-o-^ilphunc mix- 
ture of Kleinenberg of one-third strength. Ihe latter, ot lom-se. 
destroys all calcareous structures ; but the soft parts are javsiTvol 
in\t Wonderful manner. If the diluted Kleinenherg .. nnxtuie i> 
used let the zooids remain in it for one or two hour:> then Mitsli 
thorowjUn in 70 per cent, spirit, nntil nil trace of an, ,s 
moved; then stain; then n-ain wash jn /O per cent. si)ny lim* 
them to 90 per cent, spirit for some hours and last^^ f o ahsolnv 
alcohol Transfer them from this to oil of cloves ; and hnnily iiioimt 
m Canada balsam in the usual manner. If osmic acid be used, phu 
three or four of the living zooids in a watch-glass of sea-iiatei, aii.l 
add a drop ot the 1 per cent, solution. They should not reiaam ™, 
in this we.ak solution for more than a minute, and should tlicii t.- 
thoroughly washed in a superabundance of do per ceait, .spn it. ta ,,iv 
vent the deposit of crystals of .-silt consequent on the action . I tir 
osmic acid. ^ Then transfer the specimens to 70 per cent. si>nii. ,a«l 

urueeed as in the other case.’ _ • + ii i?,ii;nn 

One of the most interesting to tlie microseopist Of ^ -J' ; 
.lorma is the ^ (more generally known as /.o„.e(»/«) 

‘ feather-star’ (iig, 685), which is the '(“'“"''“f 

tive of the great fossil series of Cmwnlea. or lili-st.u s, tli.rt n 

among the most abundant types of this class in f'® ‘‘“''y. 

the world’s history. Like tliese. the young of Antedon is 

by a stalk to a fixed base, part of winch is f’""" V jif,.,,,, 

when it has .arrived at a certain stage “f 

this like a fruit from its stalk, and be 

move through the ocean water It inlmbits. Tt can svim 

1 Abbreviated development, in winch there 
bnnwnto be more common than was ami anion- Ediin-ih 

,uavm crocea, amon- Ophiuroids lu qwHi, 

Hemiaste.r cavemosun may be cited as ron^ult ilio recent im-nif" 

! Those who wish to COT, Iheir study turther must ro wu t ua „ 

of Mr. Burv.Prof..MaoBriae, and Dr.^tt illey, ‘“'’.‘y ,, ' / iswl. in <*"' 



•' See the Author k ‘ Kesiearchcs on the ^trmtnre i > 
of Ajitedon romrenH^' Fart 1., m Did. 1 runs, 1 6 , i ■ 
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anchor the Jinimai when it drops from the stem ; this supix>rt.s the 
hnmls, on which rest the first nuluds (r*) ; wliilst the anal jdate is 
iiow lifted nearly to the level of the second ra/lials (r’^) by the 
.levelopment of the anal funnel or vent to whicli it is attached. ' The 
‘ind plates are not at first apparent, as they no longer occupy their 
fust position ; but on being carefully looked for they are found still 
to foi’in a cdi'clet around the mouth (3, 0, 0), not having umlergoue 
any increase in size, whilst the visceral disc and the calyx in which 
it is lodged have gi'eatly extended. These oral plates finally dis- 
appear by absorption ; while the hasals are at first concealed liv the 
<u-eat enlargement of the centro -dorsal (wliich finally extend.s .so for 
ji.s t,o conceal the first ladials also) ; and at last iindei'go metainoi*- 
phosis into a beautiful ‘ rosette/ which lies between tlie cavity of the 
centi’O-dorsal and that of the calyx. In common with other memhers 
<)f its class, the Antedon is represented in its earliest phase of develoj)- 
ineiit by a free-.swiiiimlng ‘larval zfoud’ or psendernbryo, which was 
first observetl by Busch, and has been since carefully studied by 
Professors Wyville Thomson* and Goette.^ This ziioid lias an 
elongated egg-like form, and is furnished with transverse hands «jf 
cilia and with a mouth and anus of its own. After a time, how - 
ever, rudiments of the cah^areous plates forming the stem and calyx 
begin to show themselves iu its interior ; a disc is then formed at the 
[Kistei-ior extremity by wdiich it attaches itself to a seaweed (\ery 
eommoniy Lammaria)^ zoophyte, or polyzoary ; tlie calyx containing 
the true stomach, with its centnd mouth surrounded by tentacles, is 
gradually evolve<l ; and the sarcodic substance of the psendeinbryo, 
by which this calyx and the rudimentary stem were originally iii- 
vesteil, gradually slmiiks, until the young penhicriiioid presents 
itself in its characteristic form and proportions.^ 

' ‘ On the Development of Anttnlon imarrios* in FhiL Traits, for ISO."), )>. Til;!. 

- .h'chio f. }iiikyoiik. Anai. Bd. xii. p. 5 S;j. 

■' Tlie f^cuuriil results of the Author’s own later studies of this most iiiteiestinj^ 
type {{he key to the life-hi story of the entire ^eolo^ieal succession of ("ruioiilcd) are 
emhodied in a notice comimmi rated to the Frora'dimiss of ihe Boi/al Socicti/ for 
lS7t), p. ail, and in a subsequent note, p, 451. Of the further eontrihutious recently 
made to our knowledge of it the memoir of Dr. H. Ludwig ‘Zui- Anatomie der 
tirinoideeu’ (Leipzig, 18771, forming part of his MorpJiolofji-vhr Stiulif'it an Krhitio- 
dynneii, is the most important. Tliose who wish to carry further their study of the 
Criiioidea should consult the two monographs by Dr. P. Herbert Carpenter in the 
' ('hiillfiiffi'r’ llrparfH. 
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CHAPTER XVIl 

POLYZOA AND TPSICATA 

As in previous editions of this work the Author followed llieiiin-f 
prevalent habit of regarding the Polyzoa and Tiinieata as structniallv 
allieil. and as it would be necessary to entirely recast t]\e work wnv 
the two groups to be now otherwise dojdt wuth, and as, fin;dl\-. tlien 
is no real inconvenience or impropriety in discussing tliem iiioin- 
chapter, it is proposed to c{)ntiiiue, w ith this word of warning, tlit 
original ariangeuient of the Author. Some members of hi>tii the«:e 
groups are found on almost every coast, and are most inteiestinif 
objects for anatomical examination, as well as for obs<‘rvation in tlic 
living state.' 

Polyzoa. — The group which is knowui under this name to iiumv 
British naturalists (corresponding wdth that which Iw Contin(‘nt:t] 
zoologists is designated Thyozoa) w\as formerly ranked as an ordci nt 
zbophvtes, and it has been entirely by microscoi>i(‘ study that itscnm- 
pai’ativelv high organisation has been ascei taincd. Tlie animals of 
the Polvzoa, in cnnsecpiencc of their uni\ersal tendency to mullijili- 
cation by gemmation, are seldom or never found solitary, but ftniii 
(‘lusters or colonies of various kinds ; and as each is inclosed in (‘iflici 
a hornv or a calcareous sheath or A'elld a composite structure i> 
formed*, closely corresponding wuth the ' polypidom ’ of a zbopliytr. 
whi(‘li lias been appiopriately designated the polyzoury. 'flie imli- 
vidual cells of the jiolyzoai'V ai'e sometimes only connected with Oicli 
other bv their common relation \a) a creeping stem or HtuhuK as in 
(fig. (387); but more frecpieutly they hud forth dimtlv. 
one from another, and extend theniseb es in different directions over 
plane surfaces, as is the case with Flustne, Lepraluv. Au-. (iig. 
w hilst not uiifrei^ueiitly the polyzoa ry develo[)s itself into an urbniv>- 
ceut structure (fig. (389), whi(di may even present .somewhat of tlir 
densitv and massiveness of the stony corals. Each individiud iscoin- 
posed externally of a sort of sac, of wdiich tlie outer or tegnnientnry 
laver is either simply membranous, or is horny, or in some i^!stimw^ 
calcified, so as to form the cell ; this in\ esting sac is lined byaiiiorr 
delicate membrane, whicli closes its orifice, and which then becoi!f> 
continuous with the ^vall of tlie alimentary canal ; this lies freely in 
the visceral sac, floating (as it were) in tlie liquid whi(*h it coutaisis 
The principal features in tlie structure of this group w'ill be he^t 

understood from the ex;uiunation of a characteristic example, sue i 
the Layancida repens, which is shovvu in the state of expansion nf * ■ 
fig. t)87. and in the .state of I'ontraction at B and C. The iiiouTli 

^ For a general ar-eoniit see Dl*. Hiiriner in vol. ii. of the 
Hidorf/, l.SIHh 
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uiTOUiuled circle of tubular tentarles. uhicli are (‘lotiied by 
''iltritile cilia'; these teutecles, in the s[iecies we ai'e cunsiderin'i-. 

ivv from ten to twelve in number, but in some other instances tliey 
;,iemorennmerous. By 
vi»e ciliary investment 
,,t' tlie tentacles the 
p.h-zoft are at once flis- 
lingnisbable from those 
]i\(lioid polypes to 
which they bear a 
^i\perHcial resemhlancc'. 

.,„a with which they 
wfic at one time con- 
tbumled ; and accord- 
iiiiflv. w bile still ranked 
among zoophytes, they 
w(o'e "char.u-torised as 
riliohmckiate. The ten- 
Tacnla are seated upon 
an annular disc, which 
IS termed the lopho- '' 
pjxiir. and which forms 
the roof of the visceral 
(ir jterigastrie cavity ; 
and this ca\ ity extends 
itself into the interior of 
rim tentaculaP through 
perforations in the lo- 
pliopliore, as is shown at 
I), fig. t) 87 , representing 
a jfortion of the ten- 
tacnlar circle on a 
larger scale, a a being 
tlie tentaeula, h h their 
internal canals, c the fk;, t;s7._sinu'turr of 

miiseles of the tentaeula, ' ^ " 

tlte lophophore, and c 
its retractile muscles. 

Tlic mouth situated in 
the (VTitre of the lopho- 
phore. as shown at A, 
leads to a funnel-shaped 
cavity or pharynx, h, 
which is separate<l from 
tile (esophagus, d, l)y a, 

, va've at c ; and this ceso- 
phagus opens into the 

stfOiiach, which occu- . t , o 1 r\. 

])i( sa consideratile part of the visceral ca\'it} . (Int it >f>i o 

' tte tentacular a.al ylsr cral ,aviti.., is .U-mcA l.y 

I>r. Vigelius, who has recently niavtc a carefnl seurt-h for it. 



_ ^ 111 

deul. A, iKilvpide uxiiiiinlod ; B, [lolyiadp rotractedj 
C imth.her view of the SiUno, 'otli viscer.il 
aimaratus in oulluie, Unit the 111 vvlm-li a 

is doubled on itself, with tho i.nitacular <-raw„ iuut 
muscuhir svsteiu, may be nioir disl.mctly soon, 
r, ri, tentaeula; pluivyuN ; r, phavyi>Ko«i valve. 
(/, cesopliagus; 0, .stomach: U 
u\ cilia on it« inner surfac^e ; ;/,l. diary follicles lodged 
ill Its wall; /, intestine; A', particles of evereinni- 
titious matter ; ^ anal ontiee ; m, testis ; », ovaiv . 
o ova Iving loose In the perivisceral cavity : p, oni 
let for their discharge; 7, hperiiiato/.oa m the peii- 
viseeral cavity ; r, -v, b c, muscles. D po - 
tionof the lojihophore more eiilurg.a :/( 
cula; h h, their Internal canals; r their musch s. 
i] lophojihore: c, its retnicKa’ muscles. 
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and some other Polyzoa a muscular stomach or gizziird foi- tKi- tri. 
turation of the food intervenes between the tesopliagus the 
true digestive stomach.) The walls of the stomach, A, liaA e ci 
able thickness, and the epithelial cells which line them seem to hiive 
the character of a nidimentary digestive gland. This, how tn t r. is 
more obvious in some other members of the gvouip. Tim stoin.ich is 
lined, especially at its upper part, with vibratile cilia, asseen;tt 
and by the action of these the food is kept in a state of 
agitiition during the digestive process. From the upper part of tliK 
stomach, which is (as it were) doubled upon itself, the intestine (() 
opens, by a pyloric orifice, /, which is furnished with a regular valve: 
within the intestine are seen at k particles of excrementitions mattei' 
which are discharged by the anal orifice at 1. No special cirrulatiiij; 
apparatus here exists ; but the liquid which fills the cavity tli;itsui - 

rounds the visciaa roii 
tains the nutritive 
matter which hus been 
prepare<l hy the iliges* 
tive operation, and 
which has traiiMided 
through the \\alls af 
the alimentary ; 
a few corpuscle^ of ir- 
I'egiilav size are seen to 
floiit in it. nthev 
rcspiratoiy oi'gan.'; c.vist 
than tlie tentacula. into 
whose cavity tlie uutvi- 
tive fluid is piohai)ly 
sent from the pui- 
visceral i‘avity for aem 
tioii by the current of 
water that coiitinu 
Fici. (IHS.— Cells of Masfif/ojihom Hjjnd- j^]|y powing Over them. 

Crihnilna Jigularisi C, IJiuhouula * productiou 

vermcom. ^ . 

gKi itinuv or I mi ls max 

take place either from the bodies of the polYpi<les themselves, xvldcli 
is wdiat always happens when the cells are in nmttial aj)[)ositmn. 
or from the connecting stem or ‘ stolon,’ where the cells arc xlisdmt 
one from the other, as in Lagimada. In the latter case there 
first seen a bnd-like protuberance of the horny externa! iiUegi- 
ment, into which the soft membranous lining prolongs itsclt : 
cavity thus formed, however, is not to become (as in llv<lra. au-1 its 
allies) the stomach of the new zooid, but it constitutes the clt.uii hi 
surrounding the digestive viscera, which organs have their nrigm 
in a thickening of the lining membrane that projects fioin one sii e 
of the cavity into its interior, and gradually shapes itse it 
alimentary canal witli its tentacular appendages. Of the proum- 
tion of gemma! from the polypides themselves tlie best examj) e> m ^ 
fnrnislied by the Flustra^ and their allies. From a single te 0 
Flustrse five such buds may be sent off, wliich develop theiiiM' \ 
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into new polypides around it ; and these in tiieir turn j)iodnee butls 
fi-oin their unattached margins, so as rapidly to augment the nuiulxM- 
,)f cells. To this extension there seems no definite limit, and it often 
liappens that the cells in the central portion of the ife\f-like expan- 
sion of a Flustra are devoid of contents and have lost tlieir vitality, 
whilst the edges are in a state of active growth.' Indejiendently of 
their propagation by gemmation, the Polyzoa have a true sexird 
veneration, the sexes, however, being usually, if not invariably, united 
hi the same polypides. The sperm-cells are developed in a glandular 
Iwly, the testis, m, which lies beneath the base of the stomadi. or 
they are developed from large portions of the inner sintace of the 
l)odY-wall ; when mature they rupture, and set free the .s|)erma.tozoa, 
q q[ which swim freely in the liquid of the visceral cavity. The o\'a, 
on the other hand, are formed in an ovarium, which is lodged irj 
the membrane lining the teguinentary sheath near its outlet or is 
plm’cd near the end of the ctecal process of the stomacli ; the ova, 
having escaped from this into the visceral cavity, as at 0, are fer- 
tilised by the spermatozoa, wliich they there meet with, ami are 
finally discharged by an outlet at;;, beneath the tentaculai' chvlc. 

These creatures possess a considerable niiml>ei' of muscles, bv 
which their bodies may be piojected from their shei^th.'. or ih'awii 
within them; of these muscles, r, s, U «, i\ .r, the direction an<l 
])()ints of attachment sufficiently indicate the uses ; they are for the 
most part retracton, serving to draw' in and double up the bod}’, ti> 
fold together the circle of tentacula, and to close the a|)erture of tlie 
sheath, when tlie a.iunial has been completely withdrasvii into its 
interior. The projection and expansion of the animal, on the con- 
trary, appear to ho chiefly accomplished by a general pressure upon 
the sheath, wffiich will tend to force out all that Ciui be expelled from 
it. The tentacles themselves are furi\ished witli distinct muscular 
fibres, by which their sepai'ate movements sccm to be produced. At 
the base of the teJibiciilai’ circle, just above the anal orifice, is a small 
body (seen at A, ft), which is a nervous ganglion ; as yet no branches 
have been distinctly seen to be connected witdi it Iiitbiss[)ecies; but 
its (diaraeter is less doubtful iii some other Pnlyzoa, Ilesides tlie 
independent inovements of the individual polypides. other iuo\'cmeuts 
may be observed, which are performed by so many of them simulta- 
neously as to indicate the existence of some connecting agency ; and 
such connecting agency, it is affir]ue<l by l)r. Fritz Mliller.- is tur- 
nished by wTiat he terms a ‘colonial nervous system. In a Acci'V/- 
hria having it branching polyzojiry that spreads itself on seaweeds 
over a space of three or four inches, he states tliat a nei-vous 
ganglion maybe distinguished at the origin of eacli branch, and 
another ganglion at the origin of each polypide-bud, all liiese 
ganglia being connected togetlier, not merely liy princi[>al trunks, 

• For further detaiJs consult Haddon ‘Oji Buddiu^f in Polyzcia,' t^nart. Jonpi. 
Microfic. Sci. xxiii. p, S16. Embryonic fission has been observed by Hiirincr in f’rosw 
and Lichenojjora. 

■ See his memoir in Archie, 1800, p. :-’.ll,lr!inslivti‘d in Q/uirf. Jtmn). 

N/'iU iVmsc. Sci. n.s, vol. i. 1861, p, 300; Rev. T. Hincks’s ' Note on the MnvenienU of 
the Vibrac Ilia ill Caierea bori/i, and on the supposed common Nervnns Sy^.tt“in in 
the Polyzoa,’ Quart. Jonnt. ilicroac. .SVh wiii, p, 7. 
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but also by plexuses of nerve-fibres, which may be clLstinetl\' uiade 
out with tile aid of chromic acid in tlie cylindrical joints of tliepolv- 
zoary. His views, however, are not now accepted, observers of 
great histological experieru;e maintaining that what he regards ms 
nerve-fibres are only connective tissue. 

Of all the Polyzoa of our own caists the Memhranipfh'hhi^ oj. 
‘sea-mats’ [Flmtra^ \hmhranipora), are the most conimon : tliesr 
present fiat exj>anded surfaces resembling in form those of inaiiy se;,- 
w*eeds (for which they are often mistaken), but exhibiting, \vlioii 
viewed with even a low magnifying power, a most beautifnl neTwoik. 
which at once indiciites their real chaiacter. The cells aregciiemllv 
arranged on lioth sides, and it was calculated by Dr. (Inuit that as 
a single sipiare inch of an ordinary Flustia contains L800 such cells, 
and as au aversege specimen presents about ten square iuche.s af 
surface, it w ill consist of no few'er than 18,000 polypides. ’J'he want 
of transparence in the cell -w all, however, and the infreejuenev with 
which the aiiiinal projects its body far beyond the mouth of the cell, 
render the species of this genus less favouiahle subjects f.)r uiico- 
scopitt examination than are those of the Boicerhcfid ia, a ]>oivz()riii 
w ith a trailing stem and separated cells like those of Digunrula. wliidi 
i.s verv coinmonlv finnid clustering around the Irise of jiiasses of 
Flustcaw It was in this that many of the details of tla^ oigauisatiim 
of the interesting grou|> we are considering w'ere fir.st .studied l>y Ih. 
A. Farre, who discovered it in 1837, and subjected it to a litr luoic 
minute examination than any polyzboii had ju'evioii.sly received : ‘ 
and it is one of the best adai^ted of ail the inarine forms yet hiiown 
for the display of the beauties and wonders of this type of oig:mis:i- 
tioii. The Alcyonidium, however, is one of the most remavkahle of 
all the inarine forms for the comparatively large .size of the tentacuiar 
crowns, these, when expanded, being very distinctly vi.silde to tlic 
naked eve, and presenting a spectacle of the greatest beauty wlicn 
vieweil under a sufficient magnifying power. The polyzoaiy of tlu^ 
i>euus has a .spongy aspect and texture, vei'V mnchresemhliiigtliiitol 
certain Alcvonian zoojihvt.es, for which it might readily be niistakni 
when its contained animals are all withdrawal into their eells; wlicii 
these ai'e expanded, however, the aspect of the two is altogether 
dilferent, as the minute plumose tufts which then issue from the 
.surface of the Ah'voiiidiuni. making it look as il it werecovei'ed 
the most deliciite dowiiv film, are in striking contrast watli t lie large) 
sol id -1( loking polypes of tli e A Icyon i i nn . The opacity of the polyzoary 
of the Alcvonidium renders it quite unsuitable for t he exaiuinationot 
aiiytliing more than the tentacubir crown and the cesopliagus which 
it sni’inonuts, the stomach and tlie remainder of the visceral upl«- 
ratus lieing always retained within the cell. Tt luniislies. ho^^e^cl■ 
a most heantifnrohject for tlie binocular microscope, when 
w'ith all its polvpides expande<l.- Several ot the fresh-watei o 
are peculiarly interesting subjects for microsco]nc examinalum.a re 
1 See his memoir ‘On the Minute Stiuetiire of Boine of the Higher f <uiu> o. 
Polypi,’ in the P/nV. Tools, for 1887, !>. S87. •r,.,,, 

- Mr. J. Lomas has detected calcareous spicules \n Alq/ouHinif’i -I p 
and finds that they are more alnindant in older than in younger colonies. . t 
inc/s o/thr Llre^iool O’co/o.f/ica/ Socirt;/, v. p. 2-11. 
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„n iK'connt of the remarkiihle distinctnrss witli wliirh the various 
of their organ on may be seen and the verv heantifu] mun- 
n,.r in which their ciliated tent<miila are arrange;] upon a deeply 
crejicentic or horseshoe-shaped lophophore. ]^y this jieculiarity tlie 
fresh-water Polyzoa arc distinguislied from the marine : and 'they, 
with the marine Bhabdopkura. may ])e furtliei' flistingnishw] )>y tho 
possession of an epistome, or moveable }iroeess above the inoutlu 
whence Professor Allman calls them tlie Phi/ladolo^umta. as com- 
pared with the otheiK, which arc 0 or have no epistome 
The cells of the PhilactoJmaata are for the most j;art lod<^ed in a 
sort of gelatinous substratum whicli spreads over tlie h\ai-es of 
iupiatic plants, sometimes forming masses of consideralile size; Imt 
in the very curious and beautiful Crhtaidh the jiolvzoary is uu- 
iittached, so as to he capable of moving freely tlirongh the water.* 

Ill the marine Poly/aia, constituting by fai' the most numerous 
division of the class, tlie anus opens either outside (E<'tn])ro(da) or 
within (Entoprocia) the circlet of tentacles: tlie former coni{irise 
three gi-oups I. (Jheilostowata, in whicdi the mouth of the cell is 
stib-krminal, or not quite at its extremity’ (fig. fiKH). is somewhat 
crescentic in form, and is furnished with a movable (geiievally mem- 
branous) lip, which closes it when the animal retreats, 'fins includes 
a large part of the species that 11 io.st abound on oiir own coast, uot- 
withstaiidiiig their wide difierences in form and haliit. Tlius the 
polyzoaries of some (as Flustra) are horny and Ilexible. whilst those 
of others (as Eschara and Ihiepom) arc so penetrated with calcareous 
matter as to he quite rigid ; some grow as independent jdant-like 
structures (as Bwpda and Gemdlarki), whilst others, liaving a like 
arborescent form, creep over the surfaces of rocks or stones (as 
Uippdhoa ) ; and others, again, Iiave their cells in close ajipnsition, 
and form crusts which possess no definite figure (as i.s the case witJi 
Lepr(dm }lmhrampora). 11. 'I'he second order. Cpdostomniu, 
consists of those Polyzoa wdiich liave the mouth at the tennimtiou of 
tubular calcare^nis cells, w ithoiit any movable a[ipendagc or li]> (Jig. 
(189). This includes a comparatively small numiiei' of genera, of wiiieii 
Gnsm and Tahulipora contain the largest [iroportion of the species 
that occur on our own coasts. 111. 'The distinguishing c-liaraetev of 
the thinl order, is derived from the presence of a comb- 

like circular fringe of bristles, connected by a delicate membrane, 
around the mouth of the cell, when tlie animal is projected fi-om it. 
tills fringe being drawm in when the animal is retracted. The poly- 
zoaries of this group arc very various in eliaracter. the cells being 
>^ometimes horny and separate (as in Ftin'dla am! llox't'i'biud'Uf), 
sometimes fleshy and coalcsceut (as in Alqjotddhim). IV. In the 
Etit&procta. which are representeil liy Lo.rosamtt and IkdtvdVivn. 
ami are doubtless the most archaic of the true Polyzxia, tho lopho- 
phore is produced uinvards on the back of the teiita<*les. uniliiig 
them at their base in a sort of muscular calyx, and glvingtotliH 
ammal w’hen expandei] somewhat the form of an inverted liell. like 

* See Professor Allman' s beautiful Afoa Of/ rap?; ofthvBriiidi Fri's-h-initi'rFoljfzoft, 
pubhsiied by tlie Ray Society, 181)7 ; ami il, Jnllieii, ‘ Mom)|/mi>liie des Brvozoaires 
d eaii douce/ Bull Soc. /.ool. ilf Fniurc, x. p, 5)1. 
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that of Vortkella (fig. 593). As the Poly zai altogether ivsmhU 
hy(U‘oi4l zoophytes in thei\‘ habits, and are found in the s^ime looidities 
it i.s not rctpiisite to add anything to what has already been salij 
i-esjiecting the collection, examination, and mounting of this ^eiv 
interesting class of objects.^ 

A large proportion of the Ckeibstomata are furnished with very 
peculiar motile appendages, which are of two kinds, uvicnh,'ht 
cihraada. The avicularia or ^ bird’s head processes/ so irnncd fioui 
the striking resemblance they present to the head and jaws of aljivd 

(fig. 689, B), aregencraliv, 
when highly difiereiitiatel’ 

' sessile’ upon the 
or margins of the cells, 
that is, are attaclied at 
once to tliem without tlie 
intervention of a .stalk, as 
at A, being cither ‘ pid- 
jecting ’ or ‘ immersed : ‘ but 
in the genera lituiv.la and 
Bicellaria, where they are 
present at all, they arc 
‘ pedunculate,’ or mounted 
on foot stalks (B). Under 
one form or the other, thev 
are wanting in hut few uf 
the geneva belonging to 
this order ; and their 
sence or absence furnishes 
valuable characters for the 
discrimination of species. 
Each avicularium has two 
‘ mandibles,’ of which one 
is fixetl, like the upper jaw 

of eii- ^ 

larged ; B, one of the ‘birds head processes of , , ..n . , 

Bu^uhi aviailaua, more highly magnified, and able, like lt.S lower jltw ; the 
seen in the act of grasping another. latter is opened and closed 

by two sets of muscles 
which are seen in the interior of the ‘head,’ and between them is a 
peculiar body, furnished with a pencil of bristles, which isprohuhlya 



■ Por a more detailed account of the structure and classification of tlie niai'ine 
Polyzoa see I’l'ofessor Van Beneden's ‘ RecliurehoB snr les Bryozoaires de la rnli' 
d'Ostende ‘ In .t/cj/n dr I’Acad. Boi/. dr BnixeUrs, torn, xvii.; IMr. G. Busks 
Cafnlof/nr of fhr Mai’fiir Pohjxoa in the CoiJrrtion of tJir British 3/«.sf'Ww; Mr. 
Hincks's Mariiu' PoJ/j!:o(i, 1880; and Nitsche, ‘Beitiiigi'ziirKeiintiiissckr 

Bryozoeii,' in /. iffss. Zoo/, Bde. xx. x\i. xxiv. Of the more iiuiuutmt 

ree'ent pnldicatioiis we may note Mr. Busk's Reports on tliePolyKoaof the (’A rr //('(if/"’ 
voyage; ’ifr. Hanner, ‘ On the Structure and Development of IrfMwvKfo ' and ‘ On 
tho Life-history of PedicrUi/Ki^’ in vols. xxv. and xxvi. of the .hwrw.yf 

jlf/V'/Yxsr. .SV/.; j. Barrois, ‘ Recherclies snr rEmbryologie des Bryozoair(.>s.’ l.ille. !><( '. 
and other uiejtioirs; W. J. Vigelius, ‘ Morphologische Untersuchuiigeii fiber J‘/(i^'ji' 
Meiiibranaceo-trnncata,’ Biohg. CrnfraibUiit^ iii. in 7U5, and jy/;V/m.(/r« /(■/ 
Dierhinde^ xi. for a general account see Professor Ray Tjiinkester’s article lolyziM. 
in the tltli edition of the KxrijvUipwdia Briltuniim^ and Dr, Hanner's work ahwi j 
referred to. 



AVICULARIA AKI) VlKHACrLA 


911 


t:uti5e uvgrtu, being brought forwards when the month is open. s.. 
Thiit the bristles project beyond it, and being drawn hack when tlu' 
uiaiidible closes. The aviciilaria keep up a continual snapping ud ion 
during the life of the polyzoary ; and they may often be obscvve<l to 
l;iv hold of minute worms or other bodies, sometimes even closing 
upon the beaks of adjacent orgiuis of tlie same kind, as shown at B. 
in the pedunculate forms, besides the snapjdng action, there is a 
coutinual rhythmical nodding of the head upon the shilk ; and few 
Spectacles are more curious than a portion of tlie polyzojuy of 
iltufidu (mculana (a very coiniuon British Sj)ecies) in a, state of 
;ictive vitality, ^vhen viewed under a. power suHiciently low to allow 
;i number of these bodies to he in siglit at once. It is still verv 
doubtful what is their precise function in the economy of the animal- - 
whether it is to retain within the reach of the eiliaiy current bodies 
that may serve as food, oi- whether it is, like tlie Pedicellaihe. of 
Kthini, to remot’e extraneous partiides that may lie in contact with 
the surface of the polyzoaiy. The latter would seem to be the func- 
tion <d' the Kthmcula^ which are long lii'istle-shajied organs (lig. t>88. 
A), each one springing at its base out of a sort of (-up that contains 
muscles by which it is kept in abnn.st constant motion, sweeping 
slowly and carefully over the scirfnce of the polyzoary, and removing 
wliat might be injurious to the delicate iiduddtauts of the eeJIs when 
their tentacles are protruded.^ 

Tunicata. — The zoological position of the Tunieata, which has 
kuig been a subject of great discussion, appears to lie now approxi- 
mately settled ; the study of their development has shown thar 
tliev are provided with a notochord, and that their nervous system 
follows the course wdiich is characteristic* of wliat are often called 
VeHehruta. but should better be called i'hordutd. As the noto- 
chord is always restricted to the hinder part of the body, the 
'J'unicata may be called Uroehordata. In all (except, perhaps, 
.\iq>eitd'ic>d<irui) there are distinct signs of degeneiMtioii. They liave 
lieen named Tunicata from the inclosure of their Ixxlies in a Hunic.' 
whicli is sornetimes leathery or even cartilaginous in its texture, an<l 
wliieli sometimes includes calcareous spicules, whose foi-rns are often 
very lieaiitiful. They are often found to re.semhle the Bolyzoa in 
their teirdency to produce composite structures by gemmation ; but in 
(heir habits they are for the most part very inactive, exhibiting 
scarcely anything comparable to those raj )id movements of expansion 
and retraction which it is so interesting to w atch among the Polyzoa ; 
ivliilst, with the ex<*eptioiL of the S(dp\d(’- and other doatiug species 
which are chiefly found in seas wuvmer than those that surround our 
cousi. ami the curious Append icnlaT> a to be presently noticed, tliey 
are rooted to one .spot,, during all but: the earliest period of their lives. 
The larger forms of the dich? mu- group, which enu.xtitutes the bulk 
of the class, are ahvays solitary; not j)ropagaf iiig ly gemmation, 
except in the case of the Clavelinida'. Although of s]»ecial importance 

' i-jec Mr. G. Busk's ‘Remarks 011 the Stniffiive and Fundion of tlie Avicuiariaii 
iiiid Vil.)nu:ular Organs of Polyzoa’ in Trana. Mirwac. .SW. ser. ii. vol. ii. 18.")4, 
I'- ; and Mr. A. W. "Waters, ‘ On the use of the Avicularian ^fiiiidihle in the Deter- 

iiiinution of the Cheilostoinatous Bryozoa,’ Joa/ io ./fo//. Minour, Sor. i*i), v, ]i. 774. 
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to t]ie compivative anatomist and the zoologist, this gionj) (],,, ^ ^ 
afford much to interest the ordinary niicroscopist, except in Hk- i, 
liar actions of its respiratory and circulatory appan»tuK. In <•, ^ * '' 
with the coimM)site forms of the group, the solitary AsciihiUK 
a large branchial sac, with fissured walls, resemhling that * 

figs. <i90, B, and 61)2; into this sac water is admitted Ijy thr ui-,J 
orifice, and a large pro])ortion of it is caused to pass tliron..)* jj'.^ 
fissures, by the agency of the cilia with which they arc frihii.ri Juj.' 
a surrounding chamlier, whence it is expelled through tliejorinnin.p 
or opening of the mantle. This action may be dlstinctlv whtcIihI 
thi'oiigh the external walls in the smaller and more traavjnu'Pfij 
species ; and not even the ciliary action of the tentacles of thr Pnlv;/;^, 
afibrds a more beautiful spectacle. It is peculiai-ly vemiirb:d»]i- jjJou,. 
Species that occurs on our own coasts, the Gorella p({fnlkhifi',iu,i„„\ 
in which the wall of the branchial s<ic is divided into a numliev ,',f 
areolie, each of them shapetl into a shallow funnel ; aiul niiijjd 
of these funnels eaeli branchial fissure inake.s two or three tiirus of -i 
spiral. When the cilia of all these spiral fissures are in active inovh 
inent at once, the effect is most singular. Another most i-enun-kiiljf- 
plienomenou presented throughout the group, and well .seoi i]i t]„, 
solitary Ascidiaii just referred to, is the aliernation in the dirwtiiH] 
of the circulation. The heart, wdiich lies at t.lie Viottoin of tlin 
branchial sjic, has its one end connected with the princijial tnmk 
leading to the body, and the other with that leading to t]io)»'aii(lii;il 
sac. At one time it \n]l he seen that tlie blood flows from ;lu* 
respiratory apparatus to the end of the heart in whicii 'its tnusk 
terminates, which then contracts so as to drive it througli the svs- 
temic trunk to the body at lai-ge ; but after this course lias been niuiu. 
tained for a time the heart cejises to pulsate for a moment or iwn. 
and the coui^se is reversed, the blwd flowing into the lieart froi.! 
tlie body generally, and being propelled to the Inanehial sac. .Atro 
tins reversed coui'se has continued for some time anotlier jmu.'t- 
occurs, and the first course is resumed. The length of time intei-- 
veiling het^Yeell the changes does not seem by aiiv means coustiaiT. 
Ill is usually stated at from half a minute to two minutes in tlie cuiii- 
posite forms ; bnt in tlie solitary Gorella iMralldoijramnm (a 
very common in Lamlash Bay, Arran), the Author 1ms repCiiteillv 
oliserved an inteiwal of from five to fifteen minutes, and in Miine 
instances he has seen the ciiculation go on for ludf an iionr. cr cvt'i! 
longer, without change — alwny.s, how- ever, reversing at last. 

The compound Ascidiam are very commonly found udhema 
seaweeds, zoophytes, and stones between the tide-marks; ami tlity 
present objects of great interest to the inicroseupist. since tlic sraidi 
size and transparence of their bodies w'hen they are detached 
the mass in which they are imheddeil not only enable their stnictnir 
to be clearly discerned without dissection, hut allow many (if tln-ir 
living actions to be watched. Of these we have a cliaractcii^tu’ 
example in Amerroiicium prolifer nm, of which the form of tlic oiin- 

' Seft Alder in A7m. of Hisi. Hcr. iii. vol. xi. I')": atit i)* 

Jo 7 trn. Linn. Soc. ix. p. 1133. 
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nosite mass and the anatomy of a single individual are displayal in 
liil. {) 00 . Its (dusters appear almost completely inanimate, exhibiting 


11(1 verv obvious movements when 
irritated; but if they be iilaeed 
^vlien fresh in sea- water a slight 
|ioiiting of the orifices will soon lx* 
perceptihle, and a constant and 
riicrgetic scries of currents will be 
fomal to enter by one set and to be 
fjix'ted by the other, indicating that 
nil the machinery of active life is 
■>oiiig on within these apathetic 
itodies. In the fiimily l-^ohicli)udo‘ 
tu which this genus belongs the 
body is elongated, and may l:te 
divided into three regions : tlie thomx 
(A), which is chiefly occupied by the 
respiiutorv sm ; the abdomen (B), 
which contains the digestive appa- 
ratus; and the post-abdomen (C), in 
which the heart and generative 
(iigaiis arc lodged. At the summit 
ef the thorax is seen the oi’al oiifice, 
r, which leads to the branchial sn: e , ; 
this is perforated by an immense 
mmiher of slits, which allow part of 
the water to pass into the space 
between the branchial sac and the 
imisciilar mantle. At k is seen the 



Fi(i. Cnnipminrl inasis of .1 mdnmctHiuprolifi'nnn wiLli tlieiUiEitoiiiV of a 
Miiiglt! zookl : A, thorax; B, abdomen; C, post-abdomen; <\ oralorifiee; 
t'-, branchial sac; tliorncit* blood-vessel ; /, atriopore; projection ov(n'- 
hangirigit; J, nervous ganglion; A', (esophagus; stomach surrounded by 
digestive tubuli ; wi, intestine ; n, anus oiiening into the cloaca formed by 
the mantle ; 0 , heart ; o', pericardium ; p, ovarium ; p', egg ready to escape ; 
(/, testis; r, spermatic eanal ; r', termination of this canal in the cloaca. 


•csotfliagiis, which is continuous with the lower part of the [dui- 
iyng(‘al. cavity ; this leads to the stomach, I, which is surrounded 
by glandular follicles ; and from this passes oft’ the intestine, rn, which 
terminates at n in the vent A current of water is continually 

:i \ 
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,ln»wn in fchrougli the mouth by the action of the cilia of th- 
chial SAC ami of the alimentary canal ; a part of this cuvreut 
through tlie fissures of the branchial siic into the perihi:ni(/hii,l 
cavitv and thence into the cloaca ; whilst another portion. (•ntenu}i- 
the stomach bv an aperture at the bottom of the phiii yngvnl s;;,., 
passes through the alimenttiry canal, giving up any nutritive 
materials it may contain, and exrrying away with it any (‘xt-i- 
inentitious matter to be discharged ; and this having uu‘t tlie 
respiiutorv current in the cloaca, the two mingled currents p;iss forth 
together bv the atrial orifice, I The long post-abdomen is prmsip.iK. 
octaipied by the large ovarium, p, which contains ova in x armus stupes 
of development. These, when matured and set free, fand tlu-ir ivay 
into the cloaca, where two large ova are seen (one mai ke. p aii4 
the other immediately below it) waiting lor expulsion. Jn tlnsjiosi 
tion they receive the fertilising iimterial from the testi>. 7. whul, 
disrtiar^ks its prmlucts bv the long spermatic canal, ?*, that opens mto 
the cloaea, r . At the very bottom of the post-abdomen we fiiul tl,. 
heart 0, inclosed in its pericardium, o'. Tn the group ivo are imw 
(‘onsidering a number of such animals are imbedded together 11. 
sort of-elatinous mass, and covered with an integument conuium tn 
them all * the composition of this gelatinous sulistance 1. remarbl)!. 
xs including cellulose, which generally ranks as a vegehd.le proil.ui 
The nuxle in which new individuals are developed in this mass is l.y 
the extension of siofons Or creeping stems from the liases nl tlKw 
previously existing ; and from each of these sitoloiis sevend I in. sib, 
he put forth, everv one of wliich may evoh e itself into the hkei,,,- 
of t^lie stock from which it proceeded, and may in ils tiirii inmis.' 
and Iiuiltiplv after tlie same fasliioii. . i „ 

In the tamilv of Didemiiiaiis f he postsilidomen is al isent. i lie lira , 

and generative apparatus being plncedliythesideiiftlieiiitestiuemtle 

ahdoiuinal portion of tlie body. Tlie zooids are frequently aniuiH 
in sUn-shaped clusters, their anal orifices being all dire, ted .wnd- 
a common vent wldch occupies the centre. This | 

more remarkable, however, in the inmily of Botrtllums. 
beautiful stellate gelatinous incrustations are extremely eomii.oii J'" 
sXweeds and submerged rocks (fig. 691 ). The ' I- 

animals is very similar tn that of the .lm«ro«ci»w already dwnliel. 
'with this exception, that the body exhibits no 
all the organs being brought together ,ii one, lyhirl ^ ^ . 

sidereda.s thoracic. In this respect there is an evident ai.|.HiM»U' 
towards the solitary species.' _ . 

This approximation is still closer, lunsevei, in t ' ' 

dians, or a<weUmid,f, in which the general 1'’;'' 
nearly the same, but the nooids ai-e 

instead of being included in a .■ommon ^ 

relation to each other is very nearly the same ns tlut n1 tliM 

• For move speual information respecting 
cially the admirable monograph of Professor 1 evihUar Polypi* oi 

memoir, ‘On the Structure and 
AscidW'iiitheP;»T rm?u.l8i-{4; and the article 
fones, hi the Cyclop(edia of Anatomy and FhysioJogjj. -lo 
are cited on p. 918, 
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niilis of Lctgnncida, the chief difference heiii^^ tluit m re^niljn- (-ir- 
< ii];ition tAkes place through the stolon in tlie one cose, sucli ns luis 
no existence in the other. A better oppoi'tunity of stiidving tl>e 
fictions of the Astndians can scarcely he found than that which 
is afforded by the genus Peropfwra, first diseo^ ered by ISlv. Listei-, 
which occurs not unfrequently on the south coii.st of EngLuid ;uid in 
the Irish Sea, living attached tn .sea, weeds, and looking like fin :is.seiu- 
lilageof minute globules of jelly, dotted with oinnge find brown, find 
linked by a silvery winding thread. 'Fhe isohition of the body of 
Cfich zooid from that of its fellows, and the extreme ti'aiisjfareiiee of 
its tunics, not only enable the movements of fluid within the body to 
he distinctly di.scerned, but also allow the fiction of the cilia that 
border the slits of the respiratory sac to be cleai-ly made (Hit. This 
sac is perforated with four i“ow,s of narrow ovfil openings, through 
which a portion of the water thfit enters its oi-ftl orifice es(‘a])es 



¥w.(m.—Boin/UuH viofaceus: A, ohistei- on dip snrfacc of a Fnt-ns ; 
B, portion of t.liR e;ainLi (‘iilitr^o'rl. 


into the space between tlie sac find the inantle, and is thus dis 
chfirged iuimediately by the atrial funnel. Whatever little j'firticles. 
animate or inanimate, the current (ff watm- brings How into the 
sfic unless stopped fit its entrance by the teiitacle.s. uhich do not 
appear fastidion.s. Tlie particles which are iidmittcd usualh' lodge 
somewhere on the sides of tlie .sac, and then travel horizcmtailv until 
Ihey arrive at that part of it down which the current proceeds to the 
entiance of the stomsich, which is situfited at the bottom of the 


sac. Minute aninijils are often swallowed 5ili\e, find liave been 
oliscrved darting about in the ca\dtv for some days, without aiiv ;tp- 
I'firent injury either to themselves or to the (‘reatiire which incloses 
them. In general, however, particles wliich are iinsuited foi reee[ition 
into tlie stomach are rejected by the sudden contractionof the mantle 
(or muscular tiiiiii*), the atriopore being at the same time closed, .so 
diat they are forced out by a powerful current througii the oral 
(irifiee. The curious alternation of tlie cirenlation tliat is cliarncter- 
istic of the class generally may he jiarticularly well studied in 
Perophora. Tlie creeping stalk that connects tlie individuals of 


3 x 2 
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MIX group contains two distinct canals, which send off 
into each peduncle. One of these hvanches terminates in the iicidt 
which is nothing more than a contractile dilatation of the ja iuci^jil 
trunk ; this trunk subdivides into vessels (oi’ ratlier sr/wsw. 
mere channels not having proper w'alls of their own), of wliidi wmif. 
ramify over the respiratory sac, branching off at each of the pas-sacr^., 
between the oval slits, whilst others are first distributoil lo iii,. 
stomach and intestine, and to the soft surface of the lUimtle. All 

these reunite so as to fovin 
a trunk, which i):,iss(‘STotln' 
peduncle and consi itiitesTli,. 
returning liranch. AltlKHurii 
the circulation in the <iit' 
ferent bodies is hrmi»iiT 
into connection l)v the com- 
mon stem, yet that of eiicli 
is independent of the vest, 
contin nin g whe 1 1 tli e cini-em 
through its own foot stalk ix 
interru])ted by a ligituiv: 
and the stream which vc 
turns from the hiaiiclii:(] 
sac and the viscera is then 
poured into the postpiinr 
part of the heart insteiiil 
of entei ing the peduncle. 

The clerelopineM of tin- 
Aseidian.s, the early st.age^ 
of which are ohservahlc 
whilst the ova are still 

^ ,,,,,, within the chwea of llii^ 

Fig. 65V2. -Diagrammatic s(K:tion of parent, presents some plw 

Ascefia showing the liesirt, tlift hloofi-vessels, noiiiena of much intcre>T 
the hTrtTichial sac, the aliinyntary canal, ^ Ac. t;,h0 lUlCroscOpist 'wllivl! 

alone can be nobcctl lien*. 
After the ordinary repeated 
segmentation of the yolk, 
whereby a ' mulberry iiiasx 
is proiluced, a sort of I'iii.t’ 
is seen encircling its centnl 
portion ; but this >aei) 
shows itself as a taperin'! 
tail-like prolongation froiii 
one side of the volk. tvliick 
gradually becomes more 
and more detached from 
it, save at the [)art tmi'i 
Either 



from the left side: iv.s/., hraiiclual siphon; 
at. si., atrial siphon; t., test; m., mantle; 

f, r.,s., branchial sac; jKhr., i>erib ranch! al 
cavity ; cl, cloaca ; n.g , nerve ganglion ; 
fn., 'tentacle; gl, neural gland; u'.w., (eso- 
phageal uperture ; sf., stomach; h, intestim?; 
r., rectnm; a., anus; o.n., genital organs ; 

g. d, genital dnets; h., heart; c.s;c, cardlo- 
splancbnic vessel; v.t., vessel to the test; 
t.k., terminal knob on vessel in lest; v.t’,. 
vessel from the test; v.af., vessel to tlie 
stomach Ac.; v-m., vessel to tlie mantle; 
c.m'.. vessel from the mantle; d.v., dorsal 
vessel ; tr., transverse vessel of branchial 
sac; tine longitudinal vessel of brancliial 
sac ; isi;., strgnrata of bnimthial sac ; I'.c., 
ventral vessel ; hr.c., branchio-cardiae 

vessel; sp-hr., splanclmo-branchial vessel. , _ ^ ^ 

(After Prof. Herdman. I which it wprmgt^ 

whilst the egg is stilbvithm 

the f'loaca, or soon after it has esc*apcd from the vent, its '’j|| 
bursts, and the larva escapes, and in this condition it jtvesen s 't , 
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ijiiich tih« appeavaiU'e of a tadpole, tlio tail Iming straight fiH‘d 
iiiit. aud jH'opelling the body freely through the water by its lateral 
sT rokes. The centre of the body is occupied by a mass of li(piid yolk, 
;,ud this is contiiined into tlie interior of tJina* prolongations \vhi(di 
extend then^selves from the opposite extremity, each terniinjitiug in a 
.•,nrt of suckei'. Alter swimming about foi* sunie hours witli an aetivt* 
aaiggling movement, the larva attaches itself to some solid body by 
means «if t‘ne of these suckers; if (listurljcd from its position, it at 
jirst swims alx)ut as before ; but it soon complet,(>ly loses its activitv. 
;md beeomes permanently attached ; and important changes manifest 
tlieinselves in its interior. The organs and tissues which constitute 
the (‘Ivlef part of the future aninrd are gi'adiially drawn back, so tliat 
tlie wlioie ol it is concentrated into one mass ; and the tail, now {‘on- 
listing only of the gelatinous envelope, is cither detached entire from 
the body the contraction ot the connecting jioition, or wdthers, 
and is tlirown off gradually in shi-eds. 'fhc sliaping ot ilie internal 
nrgaus out of the yolk mass takes place very rapidly, so tliat by tlie 
cml of the second day of tlie sedentary state the outlines of lh('. 
ttraiichial sac and of the sioiuacli and intestine may be traced, no 
(^\tern:^l orifii'es, however, being as yet visilde. The pulsation of tlie 
heart is first seen on the tliird day, ami tlie formation of tlie hrauehial 
ami anal orifices takes place on the fourth, after wliiih the ciliary 
Currents are immediately established through the branchial sac and 
alimentary canal, Tlie embryonii' dcvelo{iment of other Ascidians, 
solitary as well as coiiipusitc, takes jilacc on a plan essentially thi* 
s;une as tlie foregoing, a free tadpole-liko larva being always ]>ro<luced 
ill the first in, stance wit h the curious exceiition of .some specii's of 
MoUjiila} 

Tins larval condition is represented in a very curious adult frei'- 
swimming form, termeil ApiWixilcnlarhi. which is fre(|ueiifly to he 
taken with the tow-net on our own coasts. This animal has an oval 
<a- lla.sk -like body, which in large specimens attains the length of 
enc-tifth of an inch, but which is often not mom than one-fourth or 
<mc-iifth of tlmt size. It is furnished with a tail-like ajipeiidage 
three or four times its own length, broad, llatbuied, and rounded at 
its extremity ; and by tlie powerful ^ iltralions of this a]>pendage it is 
jtropelled rapidly through the water, The structure of theho<lY dif- 
fers greatly from that of the Ascidians, its plan being mucli siiiqder; 
in j)artiiiilar, the pharyngeal sac. is entirely destitute of ciliated 
branchial fissures opening into a .surrounding cavity : hut f wo canals, 

‘ 'I’lu’. sIikIy of the (levelopuieiit of .Ui itUan'i derivetl a new iiiteresil anti iito 
I'nrtiU'ice from the (fiscovei’v, jnade hv Kowidevsky in isat, tliattlmir free Mviinniiii'' 
tiny present a most striking paralielisni to vertebrate embryos, in exiiibiting tlie 
bef'iiitniij,'^ of a spinal marrow anrl a notoehord ; thus bridging over the gulf Unit was 
-'Upposed to separate tlieiii from Invertebrata, and i when taken in founef Hon with 
Hu- envious Ascidian ahinitdes of Aniphioxm^, the lowest vertebrate at present known) 
■Ib.rding strong reason for belief in the derivation of the verUhrate and tunicate 
t'l'cs from u common original, See his memoir ‘ Bntwickchmgsgesohiclite der 
■ itifaehen Asridien ’ in Mtm, &Y, Prter^h. Acad. Hci. loin. x. Isfo, and the abstrarl 
“f it ui Qiinri. Joiint. Mirrosr. Sri. x. n.s. lS7(t,i). HU ; also Professor Haeckel’s i/osfmvy 
"/ CreatioK., ii. pp, l,j2, 200. Pnrther infunnation will be found in ehap. ii. of vol. 
li. of the late Professor Balfour's Vainpa rafi vc liinbyijulagip and an application of the 
iacis of development to the jihilosophy of tlm subject in Professor Ray Tjankesler’s 
dSa/ciicraiion (London, 1880). 
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one on eithoi- side of tlie eatmnee to the stomach, are prolonpij tVoiu 
it to the external surface ; and by the action of the long cilia with 
which these are furnished, in conjunction with the (‘ilia ..t' the 
branchial S{\c, a current of water is iiiaintoined through its (avitv. 
From the observations of Huxley, however, it appears tliat 
direction of tins current is hy no means constant ; since, altlicnigh it 
iisuallv enters bv the mouth and passes out hy the ciliated cauitls. 
it sometimes enters hy the latter and passes out hy the formci-. Tlie 
caudal appendage has a ceutiul axis (notoclun'd), abo\R and below 
which is a ribbon-like layer of muscular fibres; a nervous cnid. 
studded at intervals with luimite ganglia, may be traced along its 
whole length. By Mertens, one of the early observers of tins aiiiianl. 
it was said to ho furnished with a peiadiar gelatinous envelope oi 
ifaits (house), very easily detached from the body, and capable of 
being re-formed after having been lost. Notwithstaiidiiig the gieiu 
iuuid)er.s of specimens which have been studied by Muller, B uxtn , 
Leuckart, and Oegeiibaur, none of these excellent observers 
met with this appendage; but it has been sin(;e seen hy Alliami. 
who describes it as an egg-shaped gelatinous mass, in wiiicl, 
the kxlv is imbedded, the tail alone being free ; whilst from either 
side of the central plane there radiates a kind of double fan. which 
sooms to be formed by a semicircular membmnous lamina folded 
upon itself. It was surmised bv Allman, with much probability, thiit 
this curious appendage is ‘ nidamental,’ having referemte to tlie 
(le^ elopment and protection of the young ; hut on this point further 
observations are mucb needed ; ami any micioscopist w’ho may meet 
with Appeadiadaria furnished with its ‘ house ’ should do all he om 
to determine its structure and its relations to the body nf t]>e 
animal.^ 


I For iktailH iii vospect to the struotui-e 
Trans for 18^11, and in Quart. Jouni. of Mir rose. Sci. ‘ 

1 Iman in the shne jonrnfvl, vol. vii. 1859, p. 86 ; Oegenbaur m Ao/h n > 

yiS/vVY Bd. vi. isr,5,p. 406; Lenckart's Zfdogische 

1 si 4 ' Fors‘ Etudes sur les Ajipendiculaires ’ m Arrfnv. Zool. tom. i. . 

the three meinoirs bv H. Lohmann published m 1896. For the 
p. 5 , , the rp \ vol. iv. of the Cj/dop. of .-hifl/ew-// 

made by Prok-ssov °Herfnmii, whose reiwrU on the krms ' 

honia be consulted, end by fS;:’i::rs,ri.'. 

daily their ineinou'sm the drrfnTesdeJhokiun . .Ifoiik/fs, ii-i Soelis". 

^Dt' EnlwIlthn^sgSebL d« ^ 

528; Salensky, ‘X'eue Untersuchungen iiber . T)ie Arleii 

sc;f""Ti:-^o«StX':o^Wh.r^t,.ikt^ 



<rroupiii Bronii’s Tfiifrrvich. 
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'riiB various forms of ‘shell'fish/ Avitli their flaked' (a- sliell-less 
nllies, furnish a great ahundance of objeets of interest to the miero- 
>co])i.st, of whieli, however, the greater part may be groujied under 
three iieads — uauiely (1) the struetiire of the skHl, wliicii is most 
interesting in the Coxchifkra (oi' Lamellibha.xciiiata) and Hraciiio- 
ptmA, in both of wliich classes the shells are ‘ bivalve,’ wliilo the animals 
differ from each other essentially in general plan of strurture ; ('2) 
thestrnctu]-e of the toiigue ov palate of tlie (1 astro coda, most of which 
have ‘univalve’ shells, others, however, being ’naked;' {:!) I he 
(kvelopiiiental historij of the embryo, for the study of which c’Crtain 
of the Gastropods present thegreatest facilities. These three subjects, 
tliercforo, will be first treated of sy^,tcmatically, and a few miscclla- 
neons facts of interest will be subjoined. 

Shells of Mollusca. — These investments wei-e rormerly regarded 
as mere inorganic exudations, composed of calc?ireuns particles, 
cemented together by animal glue ; microscojhc examination, how- 
ever, lias shown that they possess a definite stracture. and that this 
structure presents ceitain very remarkable variations in some of the. 
groups of which tlie molluscous series is composed. We shall first, 
describe that which may be j'egarded as the charactci-istic structure 
(•f tlie ordinary bivalves, taking as a type the group of 
which includes the Mdeayrina or ‘pearl oyster' and its allies, the 
(‘Oinmon Pinna ranking amongst the latter. In all these shells wc 
readily distinguish the existence of two distinct lavei's : an exUrnal, 
of a hvowuisli -yellow’ colour; and an intei'nal. wliich has a pearly 
or ‘ nacreous’ aspect, and is commonly of a lighter hue, 

The structure of the onier layer may be conveniently studied in 
the shell of Pinna., in whicli it commonly projects beyond the inner, 
and there often forms lainime sufficiently thin and transparent to 
exhibit its general characters wltiliout, any artificial, reduction. If a 
small portion of snc.li a lamina be examined with a low magnifying 
power by tiunsmitted light, each of its surfaces will present very 
much the appearance of a honeycomb ; whilst its Inokeii edge exhibits 
an aspei’t which is evidently fibrous to fJie eye, hut -wliich, when 
examiin-*d under the microscope with reflected light, reseinhles that, 
of an assemblage of segmcaits of basaltic columns (fig. Tliis 

outer layer is thus seen to be composed of a vast number of prlsniH. 
having a tolerably uniform size, and usually jircseiiting an !i})proach 
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to the hexagonal shape. These {U‘e armiiged pei-peudiniLu ly (m. 
nearly so) to the surface of the lamina of the shell ; .so that ii.s 
ness is formed by their length, and its two surfaces by tiieii- extreini- 
ties. A more satisfactory view of these prisms ii^ohtainotl hygvi] 
down a lamina until it pssesses a high degree of ti’jin.spaiviK-c‘. tlie 

prisms being tiieu seen 



693) to be themselvi^s coin- 
posed of a very homogeneous 
substance, but to lie sepK- 
I’ated by delinitc hihI 
strongly marked lines df 
(liN'ision. When Muh 
lamina is sulanitteil to the 
action of dilute :Kirl, so ;is 
to dissolve oway the c;a- 
bonate of lime. :i tolcmhlv 
firm and ciuLsistent tiieui- 
braiie is left, which exhibits 


Fr(s.()93. — Section of shell of Phnw, taken the prismatic struct ui-eju>f 
transversely to the direction of its iirisni. as peifectly as did tlie 

original shell (hg. 094), ir> 
hexagonal divisions bearing a’ strong I'esemldnnce to the walls i if 
the cells of the pith or bark of a plant. By making a sectiuii of the 
shell perpendicularly to its surface, we oVitain a view of the [ji‘ism> 
cut in the direction of tlieir length (fig. 69o) ; tliese are (ivipieatlv 
seen to be marked by delicate transverse stihc (fig. 696) cltiscly re- 
sembling those observalde on the prisms of the enamel of tcetli. to 
which this kind of si lell -structure may be considered as iH'ariiig a 
verv close re.semblance, except as regards the mineralisiug ingredicut. 

If a similar section lie de- 
(‘ahdfied by dilute acid, tlic 
membranous residuum will 
exhibit the s;niie rescDi- 
blance to ilie walls of ijris- 
matic cells viewe<i longitu- 
dinallv. and will he seen tn 
b(' more or less regularly 
marked by the Traiisveisr 
.stria^ just alluded to. h 
soiuetimes bappeu.s in ir- 
('ent but still more com- 
monly in fossil shells, that 
the deca\' of the animid 



meinbrane leaves the con 
tained prisms without any connecting medium; as 1 hey are then 
quite isolated, tliey can be readily <letached one from another lytiid 
each one may he observed to be marked by tlio like stiiatioii.s. 
which, when a sufficiently higli magnifying power is used, .arc y-en 
to be minute grooves, apparently resulting from a thickening ot the 
iutennediate wall in those situations. These appearance.'' ."ccm )c^t 
accounted for l>y sup|K)sing that each is lengthened hy >ucccN''in 
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;nUlitioiis iit its base, the lines of j miction of which c‘oi'res[)on<l u'itli 
tlie tnirisverse striation ; and tliis view C'oi*]’es[X)nds well witli tli«^ 
fact that the shell -membrane not unfvequently shows a. tendency to 
split into thin lamime along the lines uf striation. wliilst we tliva- 
sionally meet with an excessively thin nat ural lamina lying between 
tl 1C thicker prismatic layers, witli 
line of which it would have 
probably coalesced but tor some 
accidental cause which preserved 
it s distinctness. That tdie prisms 
are not formed in their entire 
length at once, but that they are 
progressively lengthened and 
consolidated at their lower ex- 
tremities, would appear also 
from the fact that wliei’e tlie 
shell presents a deep colour (as 
ill Pinna nigrlna) this colour 
IS usually disposed in distinct 
strata, the outer portion of eac-h layer being the part must ileeplv 
tinged, whilst the inner extremities of the prisms arc' almost colour- 
le.ss. 

This ‘ prismatic/ arrangement of the carbonate of lime in tlie 
shells of Pinna and its allies lias Vieen long familiar to concholo- 
gists, and rogai'dcd by them as the result of laystallisation. When 





Fra. G9.5.—S«ctiou of the shell of Piunit 
ill the_dire(;Uoii of its prisms. 


Fl(!. 691). — Oblique seetiun of [)i'isimilic shell siibstiuice. 

it was first more minutely investigated by Mr. Ikiwerbnik ' and tlie 
Author, and was sliown to be connected with a similar ari’angemcnt 
in the membranous residuum left after tlie deealeiheatiou of the shell- 
substance by acid, microscopists generally''^ agreed I0 ivgard it as a 
‘calcified epidermis,’ the long prismatic cells tieing supposed tube 
toi'iiied by the coalescence of the epldei'inic cells in {iiles, and giving 

' ‘On the Hti’iicture of tlie yhells of Molluscous anil Coiirhitcrons Aiiiimils,' in 
i ra ifi. ][rU‘rosc. Kor. ner. i, vol. i. 1S44, p. lilh, 

‘On the Microscopic Htmctnre of Sliells’ in JicijortH af Briltah .iamiriiitum for 
1«4_4 and 1S47, 

•■ See. Mr, Quehett's Hkhdoyical CutidogiU'-iif theValleffeof Miihvkiu 

ioiq Ins Lt’ctiim an vol, ii. 
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their shape to the deposit of uirbonatc of lime formed within tlieni. 
The progress of inquiry, iiowever, has led to an important inthlifo,,., 
tioii of this interprehition, the Aiitlior being now disposed to ngive 
with Huxley ^ in the belief that the entire thickness of tlu: iJlu-il 
is formed as an edTretion from the surface of the epiderinis, uml 
that the homy Liyer which in ordinary sheila forma their exteniitl 
envelope or ’ periostracum,’ ^ being here thrown out at tlkesiUiieTiiut^ 
with the (“alcifving material, is converted into the likeness ut' a 
ceilular membrane by the pressure of the prisma that are formed hv 
crystallisation at regular distiinces in the midst of it. The pecu 
liar conditions under whicdi calcareous concretions form themselves 
in an organic matrix liave been carefully studied by Mr. Kniney 
and Dr. W. M. Ord, of whose researches some account will he ydveii 
hereafter. 

The lideni(d layei' of the shells of the Marfjaritaeea' and some 
other families has a ‘ nacreous ’ or iridescent lustre, which (le|xmils 
(iis Sir 1 ). Drewster kis shown upon the striation of its surface 
with a series of grooved lines, w hich usually run nearly j)arallel to 
each other (tig. (> 07 ). As these lines are not obliterated by any 
amount nf polishing, it is obvious that their presence depends upon 
something ]ieeiiliar in the texture of this snhstanee, and not iqtoii 
anv mere superticHal arrangement. When a piece of the nacre (<0111- 
monly known as ‘ mother of-pearl ’) (d the Meleayrina or ‘ pearl oyster^ 
is carefully examined, it becomes evident that the lines are. prodiiceil 
bv the cropping out of lamina* of shell situated more or less ohlicjuely 
to the plane of the surface. The greater the dip of these laminay the 
(dosev will their edges be ; whilst the less the angle which theyniiike 
with the surhu’e, the w ider will he the intei’val between the lines, 
Wlien the section pas.ses for any distance in the plane of a lamina, no 
lines will y)re.sent themselves on that space. And thus the appearance 
of a section of nacre is sucli as to have been aptly compai cd by Sir J, 
H.er.'^chol to the surface of a smoothed deal board, in wduch the woody 
layers ai'e cut jierpendicularly to their surface in one paid , and nearly 
in' their plane in another. Sir D. Brew ster {loc. cit.) appears to liave 
sn|)iK)sed that nacre consists of a multitude of layers of carbonate ol 
lime alternating with animal membrane, and that the presence ol 
the gl■o(>^■ed lines on the most highly polished surface i.s due to the 
w earinir aw'av of the edges of tire animal laminse, whilst those of the 
hard cirlcai-eous lamince stand out. If eacli line upon the nacreous 
surface, however, indicc\tes a distinct layer of shell-substance. ai.en 
thin section of * mother-of- pearl’ ought to contain manv huiuiei 
lamime, in acc'ordaiice with the number of lines upon its .surtace. 
these being fref[ueiit]y no more than ^don^h of an inch apart u 
when tile nacre is treated with dilute acid, so as to dissolve its (m 


1 Hee his article, ‘ Tcgumeiitary Organs,’ in Cijclo-pmiid of A naiomi m' 
riitjdolopj, supplementary volume, pp. 4Hy-4»2. surface of 

- The iierUidrurum is the vellowish-brown uieinbrane coui 
many shells, which is often (but erroneously) tenned 

-^idui. i ran,. 1S14, p. 397.-The kte ^r. Barton (ot the 
producing an artificial iridescence on metallic b> dm 

niiiting lin»‘s with a diamond point upon tlie surface of tut . 
were struck. 
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portion, no kucIi repetition of inenibrtuiou.s layers is to Lo 
found ; on the contrary, ii the piece ot nacre be the ]ii‘oduct ()f ojie 
■M of sliell fomation, there k but a sin^de layer of nieinbi'ane. Tliis 
ijivcr, however, is found to present a inoro or less folded or plaib^l 
aiVaiigeiiient, and the lineation of the nacreous surface may perhaps 
Ilf. thus accounted for. A similar arrangement is found 'in jmri% 
which are rounded concretions projecting from tlie inner surface of 
the shell of and iM)ssessing a nacreous stvuctui-e conv- 

sitonding to that of ‘ mother-of-pearl.’ Such concretions ai'p found in 
many othe]‘ shells, especially the fresh- water inii.ssels, Unio andd/a)- 
(hm ; but these are usually less remarkable for Uieir pearly lustre : 
ami, when formed at the edge of the valves, tliey may be partly or 
even entirely made up of the prismatic substance of the extei-iial 
layer, and may be consequently altogether destitute of the pcai-U- 

character. 

In all the genera of the Jfanjaritaceit' wc find tiie external laver 



F[(i. — SMtiov) of nacreous liiiing of sliell of yh‘lrfi()) i)ifi 

wargarififera (pearl-oyster). 

ol tlie shell prismatic, and of considevablB tliickiiess, Ibe internal 
layer being nacroous. But it is only in the shells of a few families 
ot bivalves that the combination of organic with mineral components 
is seen in the ,st\me distinct form ; and these families are for tlie most 
part nearly allied to finna. In tlie Cnionidff'^ (or ' fresh -water 
mussels ) nearly the whole thickness of tlie shell is mmle up of tlie 
internal or diiicroous' layer; but a uniform stratum of prismatic 
substance is always found between the nacre and the periostracum, 
really constituting the inner layer of the latter, the outer being 
i'imply horny. In the Osireamcf^- (or oyster tribe), also, the greater 
part oi the thickness of tlie shell is (‘oiii posed of a * sub-nacreous 
Mibstance, representing the inner layer of the shells of Margaritaceic, 
its successively formed Imnime, however, having very little adhesion 
to each other; and every one of these land me is bordered at its free 
edge by a layer of the prismatk' substance distingnislied by its 
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bi'dwnish-vellow colour. In these and some other ul^e^ a 
meiiihranoiis residuum is left iAer the decalcifuation ot tlie j.i 
layer by dilute acid ; and this is most tenacious and sul»iiii]ii,i| 
wliere (as in the Jtm-yarituceai) there is no proper iieiiusio,,.,,,,, 
(.Icuerallv speaking, a thin prismatic layer niay be detected ,)„. 
externa r surface of hivalye shells, where this has been iivote,ie,| 
by a periostracum, or has been prevented in any other iiiaiiii,.i 
fn,m undergoing ahi-aaion ; thus it is found |« etty geiu-mily i„ 
Chama, Trigcmia, and Sole,,, an<l occasionally m l«««m. and fni,-,, 
In many other instances, however, nothing like a cellular striu- 
tore can he' distinctly seen in the delicate membrane lelt after .tral- 
eifioation ■ and in .siicli eases the animal basis liears hut a \ ery .small 
proportion to the calcareous substance and the .shell is usuallv ex- 
^ ' t-vemoly havd. lliis liHvdiio.'s u|,. 

pears to de}>eiid npun tlir mnieviil 
arraiigeni.ent of tlir (.‘luiiniiiite nf 
Uni 6 ; for in tlio jii'iHundic 

and oi’dinary niH’i'Hins lnyin- iliis 
has tho (‘rvshilliiie roiHlitioii nf 
calclk: it can be shown in tin.- Ihinl 
shell of Pholas tn liave tliriivningt*- 
ineiit uf armijO'niU^ tlie •iillhreiKv 
between the two being niiulc evi- 
dent b\" jiidai'ised liglit. A wry 
curious ap[»earance is pW'Sfi ited liy 
a. section of tin-" large hinge-tonTli 
of Mya (irvitoYKf (tig. tihK). in 
v\ hicli tlie carbonatt* of string 
to be de})Osited in n<)ilules tli;iT 
Fid. 098 . — Section of hiii^e-tooth of possess a ei'ystalliiie Mi netnve n-- 

Mijh aim, Ilia. scmbHug tliat <if the iiiinenil 

termed nvoW/Z/e. A])proai-lies in 
this curious arrangement are seen in many other s]i(-*ll>. 

Thei’e are several bivalve shells wliieli almost entiivlv eonsiyt ot 
what inav be termed a smh-nacreoufi substance, then ])oi>!hi 
surfaces being marked by lines, bid, these line> heing ' ' 

that regularity of arrangement which is necessary d> pit.)'liice 
iridescent lustre, d’his is tlie case, ior examjde. NUt i niost n t it 
Pectinula^ (or scallop tribe), also with some of y**-" ; 
mussel tribe), and with the comnion (hister. In the interna a < 
of bv far the greater number of bivalve shells, however, t ' ' 

the ‘least approach tn the nacreous aspect; ma- r- thei'e -yk 
that can be de.scribed a.s definite strnctiuv : y r 

left after its doea kl flea t ion is usually a struct urele^ 
membrnue.’ , , .. .1 1, ai.^ ot 

The ordinary nccimut id' the '‘“a** .<>* kuvwth cd h ■ , ^ 

liiviib e Jlollusea— that they are progTes.sively enliirge .1 , 
sitionofnew lainin*, each of which is 111 ccmbict y i 1 ^ ^ 

surface of the preceding, and extends beyond T ^ sheik 

the whole truth ; for it takes no accoimt ol the favt th.it ^ 

are composed of two layers of veiy different tex un . 
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r^jieoify whetlicr both these layers are thus fonnecl hy the entire 
^llrfaoe of the ‘mantle’ ^vhenever the shell has to he\^xtemleih or 
whether only one is produced. An examination of %. 690 ^\ ill 
clearly show the mode in which the operation is effected. This fiirure 
represents a section of one of the valves of Unio occkhns, taken [jcr- 
jieinliciilarly to it.s surface, and passing from the margin or lip (at 
the loft hand of the figure) towards tlie hinge (uhich would l>e at 
some distance beyond the right). This sw-tion brings into view the 
two svibstances of which the sliell is c(im[)osed, traversing the miter 
(H- prismatic layer in the direction r>f 1 he length of its prisms, ajid 
passing through the nacreous lining in such a. manner as to bring 
into view its numerous lamimc, separated liy tlie lines aa', h cc', 
Ac, These lines evidently indicate the successive formations of tliis 
layer, and it ina}‘ be easily shown by tracing them toward.s the 
liinge on the one side and towards the margin on the other, that at 
evorv enlargement, of the shell its whole interior is lined by a new 
nacreous lami]in in immediate contact with that which preccsled it. 



Fh;. 01*9, -Vertical section of the lip of one of the valves of the 
shell of Unio : a, b, r, successive formations of the outer 
prismatic layer ; o', h', c\ the same of the inner nacreous layer. 


Tlie number of such laniinpe, therefore, in the oldest part of the shell 
indicates the number of enlargements whicli it lias undergone. 1’he 
outer or prismatic layer of the growing shell, on the other hand, is 
only formed where the new structure projects beyond the margin of 
the old ; and thus we do not find one layer of it overlapping another 
except at the lines of junction of two distinct formations. When the 
shell has attained its full dimensions, however, new lamiiuc of both 
layers still continue to be added, and thus the lij) becomes thickened 
l»y successive formations of prismatic structure, each being apjdied 
to the inner surface of the preceding, instead of to it.s free margin. 
A like arrangement may be well seen in the Oj/stei\ w'lih this diilcr- 
once, that the successive layers have but a comparatively slig-hl; 
adlicsioii to eacii other.' 

The shells of IVreio’aiulcf' and of most other Brachiopods ai‘e 
distinguished by peculiarities of stnudnre which differentiate them 
(rom those of the Mollusca. When thin sections of them arc 
microscopically examined, they exhibit the appearance of long flat- 
tened prisms (fig. 700, A, ft), which are arranged with such obliquity 

" The mott. important iwcut work on the shells of LftmeJlibranch is tiuit of 
the lately deceased F. Bernard ; see Bull. Sac, (if'ol. Fnntce, vols, ssiii. and Tixiv. 
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tliat their rounded extremities crop out upon the inner surthce ■•rtii,. 
shell in an imbricated (tile-like) manner (a). All true Tm}yraiMlhy^ 
both recent and fossil, exhibit another very remarkal)le peculijoity; 
namely, the lyerforation t)f the shell by a large numl)er i 

A t5 



FiO. 700. - A, internal surface, a, and oblique seclion, t, of shell of 
nustralis \ B, external surface, of the same. 


which trenerally pass nearly perpendicularly from one mu fucc to tlie 
other (as is shown in vertical sections, tig. 701), and terminate inter 
ually by open orifices (fig. 700, A), whilst exteriialiy they are eoveivl 

bythcpcriostracum(B). Tlieir 
diameter is greatest towarils 
the external surface, wlierc 
they sometimes expand sud 
donly, so as to become trum- 
pet- shapetl : a ml it is usumIIv 
narrowed rather Middoiilv 
when, as sometimes lia])pens. 
a new internal layer is h'niied 
as a lining to the precediiys 
(fig. 70 1 , A . d d). Heiue tin- 
diameter of these canals, as 
shown in diffeieut transverse 
sections of one ;ind the same 
shell, will vai'v accovdiiur tu 

701 .— Vertical sections of shell of U o/r?- *1^, fjiP-l^-ness whicli 

shovving at A the canals h.,,,.)eiis to trtl- 

opeuing hv large trumpet- shaped orifices ti\e ^wtUU luij.f 
on the outer suiface, and contracting at ^-erse. The .shells ot ditlci cut 
(/, (I into narrow tubes ; and showing at B perforated /irec/'m- 

a bifurcation of the canals, how(*ver. present very 

stviking diversities i.i tlie size end cleseness of their .•muds, es sh'™ 
bv secti.n.s taken in corrosiK.n.ling parts; tl.ree exa.nj.es ..f to 
kind are given for tlio sake of romi.nn.s.m in figs, 
canals are oempied in the living state by luindav i,r..l..agab'm 
the mantle, whose interior is filled with a fluid j I, 

.■ells and granules, which, from its corresponding in "I’l';'; , 

the fluid contained in tlie great sinuses of the mantle, in.n 1 
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be considered to be the animats bloo<I. Of their special Aiiiction in 
tlie economy of the animal it is difficult to form any probable idea ; 
but it is interesting to remark (in connection with the hypothesis of 
relationship between Brachiopods and Polvzoa) that they seem to 
have their parallel in extensions of tlie perivisceral cavity of many 
species of Plustra, Kschara^ Lepralia, A'C., into passages excavated in 
the walls of the cells of the polyzoary. Professor Soilas * finds in 
the centi’e of these prolongations an axial fibre whicli can be tiace<] 
]);ick\vards to the nerve-cells of the mantle ; at the distal end is a 
tmiiiinal cell which is connected by a fibril with the axial filnv, and 
is covered externally by a transparent chitinous layer ; save for tlu" 
absence (or the improved presence) of pigment (-ells \ve slioidd be 
justified in regarding the processes as organs wliich are sensitive to 
luminous impressions. 

In the family RhffnchoneUkhp, wliich is repi'eseiited Iw mily 
six recent species, Init which contains a very large propu'lion of 



Fig. 702. FlO. 70;V Fig. 704. 

Fig, 702. — Horizontal section of shell of Trrrhratida (fossil, OolitiT 

Fio. 703 . „ „ Mcryer/iVi (fossil, Chalk). 

Fig. 704. ,, ,, Siiirifcrhta rosfi-atn (Triiissii' i. 

fossil Brachiopods, these canals ai'C almost entirely absent ; .so 
that the uniformity of their presence in the Tprehndith(h(\ and their 
general absence in the Rhjnc}iondlhh\ supply a eJiaraeter of 
gi-eat value in the discrimination of tln^ fossil sinBs belonging 
to these two group.? respecti^■ely. (L-eat caution is necessary, 
however, in applying this test ; riiprp siU'pH'p m((rk'n}f.j8 ram^ot he 
rdkd on ; and no statement on this [)oint is worthy of reliance 
which i.s not based on a miero.scopic examination of tliiii miions of 
the .shell. In the families Spirifmdw and Strophournddee, on the 
other hand, some species possess the perfojatioii.s, whilst others are 
ilestitute of them ; so that their presence or absence thm serves only 
to mark out subordinate groups. This, liowevcu', i.s what holds giiod 
in regard to characters of almost every description in otluu’ d(‘]»art- 
ments of natural history; a characte]' which is of fundamental 
importance from its close relatioi^ to the general plan of organ i.sation 
in one group being, from its want of cnnstancy, ot tar less account 
in another.^ 

’ P/oc, Jto?/. Srtc. V. S18. 

- For a particular accoimti of the Author’s I'esearches on this group sc(? liis nieinoir 
oil the subject, forming part of the introduction of l^fr. Davidson’s (»/ ike 
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Ther(‘ is not by aiiv means the same amount of dhersity in tli^ 
structure of the shelf in the class of Castropods, a certain ty].i,<al 
nhui of construction being common to by far the gveatei’ nninhni- of 
them The small proportion, of animal nmtter contained in most of 
these shells is a \ erv marked feature in their character, am! it 
serves to render other features indistinct, since the residium, loft 
after the removal of the calcareous matter is usually so imf.ei feet as 
to t^ive no clue whatever to the explanation of the appearances slanvn 
hv '"sections Nevertheless, the structure of these shells is ly no 
nmans homogeneous, hut always exhibits indications niore or less 
clear of a definite arrangement. The ‘ porcellanous shells are com- 
poseii of three layers, all iirescnting the same kind of structure. Imt 
kch difiering from the others in the mode in which this is (lisimsed. 
For each layer is made up of an assemblage of thin lamime idmvd 
side hv side, whidi sepai'ate one from another, apparently in tlic 
olanes of rlnunboidal cleavage, when the shell is fractured ; and fis 
was first liointed out by Mr. Bowerhank, each of these lainmie con- 
sists of a series of elongated spicules (considered by him as prismatic 
cells filled with (carbonate of lime) lying side by side in close apposi- 
tion • and these series are disposed alternately m contrary dirwdions. 
so as to intersect each other nearly at right angles, thou^i still 
Ivinii in parallel planes. The direction of the planes is ilifferem. 
iLever, in the three layers of the shell, hearing the same relation 
to each (fiber as have those three sides of a cube winch meet eacli 
other at the same angle ; and by this arrangement, w ncli is better 
seen in the fractured edge of the Cypra^d or any similar shell than 
in thin sections, the strength of the shell is greatly augmented. A 
similar arrangement, obviously answering the siuiie purpo..e, ba.^ 
Len shown by the late Sir John Tomes to exist in he emnnel 
of the teeth of Bodentia, and by Professor Kolloston ni that oi the 

departures from this plan of striicture are seen in 
ratella Chiton, Ilnliotis, Tiirho and its allies, and in the naked 
L^tropods, many of which last, both terrestrial and marine, lune 
.ome rudiment efi a shell. Thus in the common 
a thin oval plate of (.ilcareous texture is found imbedded in 
shield-like fold of the mantle covering the lore 
if this Ire examined in ah early stage of its growth it. m ou ( 
consist of an aggregation of minute calcareous nodules, gemiall) 
snluelrt hhagiaf in form, and .smuotimes q- 
whilst in other instances it presents an a jipeammse closeh l esem r ^ 

are sometimes covered with small tiihercles. like the ' I'"'' 

BrUUhFoml Braduoymla, 

remarkable example of the impoi lance of ^ gcnencidly <>'* 

ser. iit vol. xx. mi, p. 08, 
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{j'orgoni(t‘ They may be separated from the soft tissiK^ in whioli 
tliev are imbedded by means of caustic potash ; and whcii treated 
with dilute acid, whereby the calcareous matter is dissolved away, 
an organic basis is left, ivtainiiig in some decree the form of the 
orimual spicule. This basis seems to be a cell in tiie earliest stage of 
it^^fonuation, being an isolated particle of [)i'otoplasm without wall 
or cavitA'. and the close coi'rGSjvmdence l)etween the appearance [>re- 
sented bv thin sections of \'arioiis univalve sludls. and the forms of 
the spi<‘ulcs of Doris, seems to justify the conclusion that even the 
most compact .shells of this group are consU'ucted o\it of the like 
oloineiits in a state of closer aggregation and more ilefiuito arrango- 
nient, Avith the occasional occurrence of a layer (if more spluaoidal 
bodies of the same kiiul, like those forming the vestigial shell of 
Limmr. 

The structure of shells generally is liost (‘xa mined by making 
sections in different planes as nearly paralUd as may l>e possibh* to 
the surfaces of tlie shell, ami otliev sections at right angles to tliese : 
the former may be designated as kori::ontaL the lattm' as miked. 
Nothin" need here be adderl to the full direidions fm' makii^g such 
sections which-have already been giA'en, IMaiiy of them are beautiful 
and interesting objects for the polarisco])e. Much valuahli; iiiforma 
tion mavalso be derived from the exaiiiiiiation of t lie surfaces ])re- 
sented h\ fractnre. The memhranous residua left after the ilecalci- 
fication of the shell by dilute acid may be mounted m weak spirit or 
in Cloadbv’.s solution. 

The animals composing the class of Cephalopoda (cuttle-fish and 
nautilus tribe) are for the most }->art without shells; ami tlio 
structure of the few that \\ e meet with in tlu^ genera Xaidilas. Argo- 
natda (‘paper nautilus'), and Spirala d()cs not present any peculi- 
arities that need here detain ns. The vudimenlarv shell or sipiostaire 
of the (‘ommon cuttle-fish, however, which is fi-eqiumtly spoken of 
as the ‘cuttle-fish bone,’ exhibits a very beautiful and remarkable 
structure, sueb a.s causes sectioiis of it to be very interesting micro-^ 
s(;opic objects. The onter shelly portion of this laxly consists of 
huniv layers, alternating with calciticil layers, in which last may he 
seiui an hexagonal arrangement somewhat coiTCspim ling with that 
shown in fig.^698. The soft friable substance that occupies the hollow 
of this boat-shaped shell is formed of a number of delicate calcareous 
plates running across it from one side to the other in iiarallel 
directions, but separated by intervals several times wnha- tiian thc 
thickness of the plates ; and tliose intervals are in great pari filled 
up bv Avhat appear to be fibres or slender pillars passing from one 
plat*/ or floor to another, A more careful examination shows, 
however, that, instead of a large iiumher of detached pillars, there 
exists a comparatively small number of very tliiii sinunu.s lamime. 
whk'h pass from one surface to the other, winding and *loul)ling upon 
i heinselves, so that each lamina occupies a conshlerable space. Tlieii 
precise arrangement is best seen by examining the ]iarallel plates, 
after tlie sinuous lamiufB have been detached from tliein, the lines 
of junction being distinctly indicated upon these. Ba' this arrange^- 
ment each layer is most eflectually supported by tlmse with Avhich 
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it is connected above and below, and the sinuosity of tlie thin 
intervening hiiniine, answering exactly the same purpose as the 
‘ coiTiigatioii ' given to iron plates for the sake of diminishing tlieii- 
flexibility, adds greatlv to the strength of this curious texture, 
which is at the same time lightened by the large amount af open 
space between the parallel plates that intervenes among the sinu- 
osities of the lamime. The best method of examining tins sti uoturc 
is to make sections of it with a sharp knife in various diivctions. 
taking «ire that the sections are no thicker than is requisite fni 
holding together; these may be mounted on a black gi-oim.l as 
opaque objects, or in Canada balsam as transparent objects, imdei- 
which last aspect they furnish very beautiful objects for the poluri- 



thc edge separiited from eacli othe 
tlieir form, 


of Cephalophorous Molluscs.— The organ uhidi is 
sometimes referred to under tliis designation, and sometimes 

a.s the ^ tongue,’ is one of :i 
very singular nature, iiiitl 
cannot be likened to eitlier 
the tongue or the palate of 
liigher animals ; it is best to 
call it by its di.stinctive iiaiiK- 
' odontopbore.’ For it is :i 
tube tliat passes backwards 
and downwards beneath the 
mouth, closed at its hinder 
end, whilst in front it opens 
oblic^uely upon the floor at 
the mouth, being (as it were) 
Pig, 705.— Portion of the left half of the palate c;pread out SO 

of H<‘Ux horUnsis, _the rows near 

On the interior of the Uihe. 
as well as on the flat expan- 
sion of it, we And numerous transverse rows of mmute teeth, \\hicli 
are set upon flattened plates, each principal tooth 
l>.ving plate of it.s own. whilst in other instances on .Ih 

™-nel several teeth. Of tl>o for.ner 

o'iamnle in the p.nlate of many terre.strml OastioiHul-. - ^ 

snail //rf;,r) and slug (Xlme.r), in rvhid. the nrunlK..- «t iJ t > 

each U is very considerable (hg.s. 705. ^0'-' ' -i;-;';" j 
in the large garden sh.g {Lima.': ma.mnus) ; whdst ‘ 
in many marine (iastiopods, snch as the^ eoronio . j, one 
undatum), the pal, ate of which has on y three 

bearing tl,« small cental teeth, .and the ";»« rmnher rf 

teeth (fig. 709). Tl.e length ofp.e palatal tube ™ .^ng. 

rows of teeth vary greatly in diflerent si)ecic,. ' J.indiicd 

the tube of the terrestrial (lastropods >,s ^ ,eetl, 

entirely within the nearly globular head , Wing 

being closely set together are usually cerv m _ KiO or 

freiiuently more than 100, and in some “ V j ' .(s in 

170 ; so that the total number of teeth may mo^^ ^ 1 • 
pomatia, to 21,000, and in Limax ma,'- turns to -t.» ■■ 
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verse rows are usually more or less cur\e(l, as shown in Hg. ?0(), 
wliilst the longitudinal rows are quite straight, and the curvature 
takes its departure on each side from a central longitudinal row, the 
teeth of which are s}nnmetrical, wliilst those of the lateral portions 
of each transverse row present 
a mo<lificatioii of that symmetry, 
tlie prominences on the imer 
side of each tooth being sup- 
pressed, whilst those on the outer 
side are increased ; this modihca- 
tion may be observed to augment 
ill degree as we pass from the 
central line towards the edges. 

Tlie palatal tube of the 
marine Gastropods is generally 
loicer and its teeth larger. Fig, 70G,— Palate of Hijaliitia ccllaria. 
and in many instances it extends 

far beyond' the head, which may, indeed, contain but a small 
part of it. Thus in a common limpet (Fatdlh) we find the [uancipal 
part of the tube to lie folded up, but perfectly free, in the abdominal 
cavity, between the greatly elongated intestine and the muscular 
foot and in some species its length is tudee or even three times as 
srreat as that of the entire animal. In a large proportion of cases 
diese palates exhibit a very marked separation between the central 
and the lateral portions (figs. 

707 , 708), the teeth of the cen- 
tral band being frequently small 
and smooth at their edges, 
wliilst those of tdie lateral are 
large and serrated. Tlie palate 
of Trochus .'^izifphinHS, repre- 
sented in fig. 707, is one of the 
most bcautiftil examples of this 
form, not only the large teeth 
of the lateral bands, but the 
delicnte leaf-like teeth of the 
cciiti-al portion having their 
e<lges minutely serrated. A yet 
more conqdex type, however, is 
found in the palate of Jlaliotis, 

ill which there is a centi'al liaiid . 

of teeth ha\fing nearly straight Fio-'iOl.-VaMeoi Irocki/s ivm. 
edges instea<l of points ; then, on 

each side, a lateral hand consisting of large teeth sliaped like those 
of the shark ; and beyond this, again, another lateral hand on eitlier 
>ide. composed of several rows of smaller teeth. ^ V^ery curious 
differences also present themsebes among the difierent species 0 
Gie same genus. Thus in Doris pilcfsa the central band i.s almost 
entirely wanting, and each lateral hand is fome<l of a single low 
'.'1 very large hooked teeth, set obliquely like those of the hi tea a 

baml in fig. 707 ; whilst in Doris iuherctdfda the central band is the 
" ’ 3 0 2 
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p.u't most developed, andcontoins a number of rows of eonicid tc&tli. 
standimr almost perpendicularly, like those of a Iuutow (fig. 70s). 

Many other varieties might be described did space penult; Ijut 
we must be content with adding that the form and arraugeuinit nf 
the teeth of these ‘palates a fiord characters of great \alue in clas.d 
fication, as was first pointed out by Pr-ofessor Loven (of 
in 1847 and has been since very strongly urgeil by Dr. J. K, (O-ay 
who considers that tlic structure of these orgjins is one of the l)e^t 
•niides to the natural athuities of the species, geneiu, and families af 
tiiis group, since any important alteration in the form or of 

the teeth must he accompanied by some corresponding [lecidiaiify in 
the habits and food of tire animal.^ Hence a systematic exaiiiimiTion 
and (lelineation of the structnre and arrangement of these orgnnsj.y 
the aid of the microscope and camera liicida, would be of tlte greatest 
service to this department of natural history. Tlie short tliick tiihc 

\vitl|' ivLiiili ' ili.y ' w- 

p,„. 70 S.-P„llte «f Dorn tuhrrculoia. tlirOUgU tlwsliells of tile niollll-Cy 
that serve as their prey ; 

tbev ore eniilileil to effect by everting that part of the |iroliMi'- 
sliapoil moutli wliosK Boor 15 formed by tlie liattened ji.iil of lie 
tube rvliidi is thus bronglit to the exterioiv and bv giving a bni.l 0 . 
sawing luotimi to tlie organ by means rf tlie alternate arlioii n 
two nail's of muscles— a protractor and a retractor--iiliK.li Ip 
forth and draw tiack a pair of cartilages 

supiioried. and also elevate and depress its teeth. Ibe i h ill t 
loin' blind tnbnlar part of tlic palate in these <'astro|Kiils n I' 
!,7 a ‘ I'nhv of reserVe,- from which a new toothed surface ma; « 
coutinnally snpplied as the old one is 

front teeth of tlie rodents are constantly limig regonmati f 
Lirface of the pulps which ocenpy their 

qs tliev are rubhed down at their cdge.s, oi a n. ■ • 

hein^vorn away at its free end, and fashiouea anev n. L- 

‘ '’‘"ue preparation of I liesc palateybv tlie 7;',;;,;* I’'- 

he oiilv accomplished by o .!«' 

1 U,„ Vnl. ;to(, SIT. li. vol. S. 




7Qs.__Palat(.^ of Doris tuhnritlaia- 


I Ann. -Vfff. ih'-Jif. 
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■iiou^h to interfere with its transparence. The tube itself slunihl he 
>ht up with a pair of fine scissors through its entire length, ainl 



should l>e ^0 opened out tliat ii,s expanded 
Surface may be a continuation of that 
\vliith forms the floor of the mouth. The 
j„odc of mounting it will de]jen(l upon the 
in which it is to be viewed. For 


manner in which it is to be viewed. Lor 
rlie ordinary purposes of microscopic ex- 
amination no method is so good as monnt- 
hu' in fluid, either weak spirit or (loadbys 
sofiition answering vciy w'ell. Eut many 
of these palates, e.specinlly those of the 
marine Gastropods, become most heautiful 
(ibjects for the polariscope when tJiey^ are 
mounted in Canada lialsjim, the tonn 
and arrangement of tlie teeth being very 
^^ronglv brought out by it (fig. 709), ami 
a gorgeous play of colours lieing exhibited 

when a selenite plate is placed lielimd the „t B.icri- 

object, and the analysing prism is made to uuni uiuhitKin under 
rotate.^ potirised light. 

Develdpment of Molluscs.- Leaving to 
tlie scientific embryologist the large field of study that lies (ipen to 
him in this direction,^ the ordinary microscopist will find muck to 
interest him in the ohservatiun of certain special plienonieua ot^ 
which a general iicconiit will be bere given. Attache<l to the gills ol 
fresh-water mussels {Cuio and Anodon) there are often found in the 
spring or early summer minute bodies which, ^y]le^ fir.st ob.served, 
were described a.s parasites, under the name ot (Jochidui, hnt arc 
now known to be their own laogeiiy in an early phase of ilevelop- 
ment. When they are expelled from betw^een the valves of their 
[larent, they attacli themselves in a peculiar manno' to tlm 1ms and 
gills of fresh-water fish. In this stage of the e.xistence of the young 
A,mlo)>, its valves are provided with curious barbed or .seiTa.te( 
hooks (fig. 710, A), and arc continually snapping together, until 
they have inserted their hooks into tlie skin of the fish, which .seems 
.'^0 to retain the barbs as to prevent the reopening ol the \ahes, ii 
this stage of its existence no internal organ is definitely loimei , 
excent the strong ‘adductor’ muscle {((nd) which draws the \ahes 
together, and the long, slender hyssus-filament {b;f) uhich makes 
its ajiiicarance while the embryo is still within the egg-mem- 
lirane, lying coiled up between the lateral lobes, Ihe hollow ot 
each valve i.s filled with a soft granular-looking mass, m wJncli 
are to be distiiigni.she,^! what are perhaps the rudiments ot tiie 

^ For additioaal details on the organisation of the palate '^'1 h-eth d the 
(las'ropod molluscs, soo Mr, W. Thomson in C,jcJoj>. .La.O ; 

IP. 1142, 1143, and in Ann. Nat Hid. ser, ii. vol, vii, p, 6(5; Pro^r T f ", 

tier Schnecken, Berlin, 1850-79; A. Pii^ker, arte fhe Bildung <k^ 

lii.i iMi r nhryhefiS. XXII. p. -09 , t Ul 


h-'i Udij- pomutia;BericJtt oherh-HS. G/r.s.st'y, xxii.p. J)9 ; ^ 

the Mechanism of the Odontophore in certain Molluscs, -rrfui.s. no • * ' ' • ' 

■' Sc.! Balfour's C««,fan,ke Embryohmi, vol, i cmp.^ a 1,1 w 

books of embryology, .snch as that of Prcifeasor Korschelt and Hcider, need not . 
be specifically cited. 



934 


MOLLUSCA AND DRACHIOPODA 


bninclujy and of oral tentiicles ; but their nature can only 1 ,(• cev- 
tainly determined by further observation, which is rendered ihrtunlt 
by the o])acity of the valves. By beeping a supply of fish, liowc^vei-. 
with these embryos attached, tlie entire history of the devolnpiufim 
of the fresh -water mussel may be worked out.^ 

In certain members of the class (histropoda the history ot eiu- 
bryoni(i development presents iiuinerous phenomena of gi-eat interest. 
The eggs (save among the terrestrial species) are usually dopo.dtoil in 
aggregate masses, each inclosed in a common protective envelop^' or 
nidmn^eutmn. The nature of this envelope, however, varies greatly ; 
thus, in the common JAmtutm stagmlis, or ‘ water-snaih' of oiir ponils 
and ditches it is nothing else than a mass ot soft jell}-, about the size 
of a six])eiice, in which from fifty to sixty eggs are iiiil)edded, :in.] 
which is attached to the leaves or stems of aquatic plants; in the 
Buccimmi '^(ndatnin, or common wlmlk, it is a membrauons case. 

A 



Fio. 710. A, Gloc:hiciiuin iiiimccliaO'ly after it is hatched : ail, lul- 
ductor; A7o«helI; f///, hyssus-cord ; .y, sen^e- organs. B, tlie same 
after it has been on the fish for some weeks : hr, brancliue ; 
auditorj'^ sac; f, food; (iakI and autciioi and pcistcnoi 

adductors; mesenteron ; »if, mantle, 


connected with a considerable number of similar (ta.ses bysliort .st.ilk.s 
so as to form large globular masses which may often be picked up on 
our shores, e.specially between April and June; lu the Piupura 
lapillits or ‘ rock-whelk/ it is a little flask-shaped capsule, havmL' 
a firm hornv wall, which' is attached by a sliort stem to the siukicc 
of rocks between tide marks, great numbers being often found 
standing erect side bv side; whilst in the Xudll.miKhiate order 
gcnerallv (consisting of the AVJo?, and other • sea -.dugs i il 

forms a^ong tube with a membranous wall, ni winch numenje 
numbers of eggs (even half a million or more) are ^ > 

together in the mid.st of a jelly-like substance, this tube Inun- dispc,.e 
iu Wilsof various forms, which are ^ 

/.oophyte.s. The course of development, in the first and last o d u ^ 
instances, may be readily observed from the vel'yea^lle^ 


• See Urn Eev. W. Huughtou, ‘ On the 


Pamdtic >biUu^‘ nf the Fn d 

ihmta ci/f/um,' in Quart. Jaunh MicroHf. Sci. u.m \ol. ^ j Goxdjdtu 

Bilfoui-; o//. cit. vv 2120-223, Oil the embryoiud byssu.-gtiud ot -i 
J. Carriero, Zuohftj. Ammj. vii. p. 41. 



develop:ment of doeis 

TO that of the emersion of the embryo, owing to ilie extreme trans- 
parence of the nidamentiuii and of tlie egg-niombranes themselves 
The first change which will be noticed by the ordimivv o) server is 
flie ‘ segmentotion ’ of the yolk-inass, whidi divides itself (after tJio 
uwnner of n cell undergoing binary subdivision) into two ports, each 
of these two into two otliers, ami ,so on mitil a momla, or uiulbcrvv- 
like mass of minute yolk-segments, is produced {fig. 7]). A-F), 
udiich is converted by ‘ invagination ' into a ' gastvula; whose foriii 


A B 



Fio. 711.— Euibryoiiic development of Ihria bUfuiiflhita : A,ovu]n, coiifiiyt.- 
tag of eavelopiiig meiubi'iiiic, o, iind yolk, t>; B, C, i), K, Ib successive 
sUges of sugmentatioii of yolk ; tr, first mdi'kiiig out of the sluqte. of the 
cjnhrj-o ; H, embryo on the eighth day ; I, llie same on the ninth day : K, the 
saine on the twelfth day, seen on the left side at L ; s.t'il isiove advaiieed 
embryo, seen at N as retracted within its shell ; a, tiosilioii of shelbghind ; 

e, c, ciliated lubes; d, fool; hard plate or oporcnluin attached to it; 
fi 1 stonuacli ; /, intestine; in, masses (glandular?) at the sides of tbe 
oesophagns; o, heart (?) ; s, retractor imisclo (?); f, situation of funnel; 

f, membrane enveloping the body ; .r, auditory vesicles; //, mouth. 
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is shown at G. This ‘ gastrnla’ soon begins to exhibit a \'evy cinio^, 
alternating rotation within the egg, two or three turns beiuu 
in one direction, and the Sfune number in a reverse directinu : tliLs 
iiiovcincnt is clue to the cilia, flinging a soi-t of fold of the t^cto- 
derm tei med tlie velinn^ which afterwards usually gives origin to a 
[lair of large ciliated lobes (H-L, c) resembling those of Uotifevs. 
The velum is so little developed in Limimus^ however, tliat itj 
existence was commonly overlooked until recognised by Drolessoi- 
Ray Lankester,^ who also has been able to distinguish its fiinge of 
minute cilia. This, however, has only a transitory existence 
the later rotation of the embryo, wdiich presents a very curious 
spectacle when a number of ova are viewed at once umiei* a low 
magnifying power, is due to the action of the cilia fringing the liead 
and foot. 

A separation is usually seen at an early period between Tlio 
anterior or ‘(‘ejilialic’ [Xirtion, and the posterior or Gdsceial ’ portion, 
of the embryonic mass, ami the development of the former advances 
with the greater activity. One of the first changes wliich are seen in 
it consists in its extension into a sort of fin-Uko membrane on either 
side, the edges of which are fringed with long cilia (fig. 711, H-L,c). 
whose movements may be clearly distinguished whilst the embryo is 
still shut up within the. egg ; at a very early period may also be dis- 
cerned the ‘■auditory vesicles’ (K,.'^c) oi* rudimentaryorgans of hearing 
which scarcely attain any higher development in these creature.s 
during the whole of life ; ami from the immediate neighlxnnhood of 
these is put forth a projection, which is afterwards to be evolved iiiUi 
the ‘ foot ’ or muscular disc of the animal. While these organs are 
making their appearance, the shell is hieing formed on the surface of 
the posterior portion, appearing first as a thin covering over itshindei- 
part and gradually extending itself until it becomes large enough to 
inclose the embryo completely, when this (‘ontracts itself. Tlie 
ciliated lobes are best seen in ifie embryos of Xudibranclis ; and the 
fact of the universid presence of a shell in the embryos of that grouji 
is of peculiar intere.st, as it is destined to be cast ofi’ very soon after 
they enter upon active life. These embryos may be seen to move 
about, as freely as the narrowness of tlieir prison permits, for soiix 
time pievions to their emersion ; and when set free hy tlie nipturt' 
of the egg-cases they swim forth with great a(d ivity by the action 
of their ciliated lobes— these, like the ‘wheels’ of Rotifera.servingalso 
to bring focKl to the mouth, which is at iliat time unprovided ^\].tli 
the reducing apparatus subsetpiently found in it. The .'^aine is true 
of the embryo of Jjyinuouis, save that its swimming movement^ ai c 
less active, in consetpience of the non -development of the cilmted 
lobes ; and the currents produee<l by the cilia that fringe 
and the orifice of the respiratory sac seem to have rcfereix'e clue } 
to the provision of .supplies of food and of aerated water forre>l>U‘i 


I Sec liTH valuable ' Observations on the Develoimient of 
on tbe early stapes of otlier Mollusea’ in Qmni. Joinii. Micrmv. 
and ‘On the Developmental History of the Jlollusca,’ Flnh ^ ‘ 

Lereboullet, ‘ Rechercbes sur le Ddveloppement du Limnee, m Aan. - 


yA)ol. serie, tom. xviii. p. 47. 
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Tion. The disappearance of the cilia lias hecu ohservod hy Mr. 
to be coincident with the development of the teeth to a degree .suf- 
ficient to enable tlie young water-snail to ci' 0 |) its vegetaldc FoikI ; 
:uid lie has further ascertained that if the growing animal be kept in 
ti-esh water alone for some time, without vegetal )le matter of any 
kind, the gastric teeth are very iin[>evfectly developed, and the cilia 
are still retained.^ 

A very curious modification of the ordinary plan of development 
is presented in Purpura laplllus, and it is prolialile that something 
of the same kind exists also in Jhtcciiiuin, as well as in other (la.s- 
tropods of the same extensive order [Pf'riiniyaurhiata). Each of 
the capsules already described contains from 5()0 to (100 c‘gg-like 
bodies (fig. 712, A) imbedded in a viscid gelatinous suhstau{*e ; hut 
onlv from twelve to thirty embryos usually attain complete develo])- 
meiit and it is obvious, from the large comparative size which these 


attain (lig. 713, B), that each of 
them must include an amount of ^ 
substance equal to that of a groat ^ 
number of the bodies onginally 



n 



found witliin the capsule. The 
explanation of tliis fact (long 
since noticed by Di-. J. E, (dray 
in regard to Pucruiuui) seems to 
1)0 as follows. Of those 500 or 
1)00 egg-like bodies, only a small 
part are feitile orrz., the remainder 
being unfertilised eggs, the } olk 
material of which serves for the 



nutrition of the embryos in the Fig. 712.— Early stages of eaitryonic 
later stages of their intracapsular developmcut of /f/ia/fas : A, 

.. , i e^g-like splierule; B, C, E, b, Ct, !,uc- 

llfc'. (listlllCllOll cdessivo si of of J'olk 

tliem manifests itself at a verv spherules; D, H, T, J, K, suc-cessne 
early period, even in the first stages of development of early end.ryoK. 
segmentation ; for, while the latter 

divide into two equal hemispheres (fig. 712, B), the fertilise<l ova 
di\ ide into a larger and a smaller segment (D); in the cleft beb^een 
the.se are seen the minute ‘directive vesicles, which appear to be 
always double, although from being seen ‘end on,’ only one may 
he visible ; and near these is generally to be seen a clear space 
ill each segment The difference is still more strongly marked in 
the .subsei.(uent divisions ; for 'whilst the cleai age of the infertile 
eggs goes on iiTcgularly, so as to divide each into from fourtwii to 
twenty segments, ha\ ing no definiteness of arrangeinent (C, E, r , (»)> 
that of the fertile ova takes place in such a iimnner as to mark out 
the distinction already alluded to between the ‘cephalic and the 
‘vi,.icerar portions of the mass (H), and the evolution of the 
tonimr into distinct orgams very speedily commences. In tlie liist 
lusfance a narrow trans]iarent border is seen arouml t^lie i\ho e 
embryonic mass, which ls broader at the cephalic portion (I) , next, 


See Trmii}. Aficrosc. Sor. aer, ii. vol. ii. 1H.54, p. 93. 
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this border is fringed with short cilia, and the cephalic o.xti ii.sion 
into two lobes begins to show itself; and then between tlie luljes ^ 
large mouth is formed, opening throngli a short wide 
the iutei'ior of which is ciliated, into the visceral wivity. occu- 
pied as yet only by the yolk-particles originally belonging -^o 
ovum (K). 

Whilst these develo])mental changes are taking place iiitheciiii)i-v()_ 
the whole aggregate of segments formed by the yolk-eleavago el' the 
infertile eggs (!0a1esces int )0 one mass, as show*n. at A, lig. 7l‘l; hik] 
the embryos are often, in the first instance, so compleleh- lairied 
witliin this as only to be discoverable by tearing its portions a siurlei- ; 
but some of them may commonly be found upon its cxteiior. mid 
those contained in one capsule very commonly exhibit the diftcrent 



Fio. 71 ;-].— Latei’ stages oi eiahvvonic development of Fiirjjum lupiUus. 
A, conglomerate mass of vitelline segments, to which were atlaclied the 
embryos //, h, <\ c. B, full-sized embryo in more advasiced stage of 
development. 


stages of de\'elopment represented in fig. 712, II-K. After a short 
time, however, it becomes up}.>iirent tliat the most advanced cnilj5}i> 
are beginning to swallow the yolk segments of the conglomerate mass, 
and capsules w’ill nut unfrequently be met with in wliit'li embryes 
of vat'ious sizes, a.s t/. b, c, d, e (fig. 713, A), are projecting fiom ih 
surface, their ditferenec of size not being accompanied by julvancem 
development, but merely depending upon the amount of thi& .''Upv^ 
mental’ yolk which the embryos have respectively gulptal < 1 ^ 11 . 
bor during the time in which they are engaged in appropnatuigl ib 
.additional supply of nutriment, althougli they iiwrease m 
they scarcely exhibit: any other change; so that the ’ 

fig.‘7i:3, e, is not apparently more advanced, as regards fhefoi im 
of its organs, than the small embryo, fig. 712, K-. ^1’!* twined 

operation has been completed, bow'ever, and the embiao . 

its full bulk, tlie evolution of its organs takes place very rai)a . ; 
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ciliated lobes are nincli more higlily develoiJt'd, l^eing extended in a 
jiurg sinuous margin, so as almost to remind the observer of tiie 
■wheels’ of Botifera, and being furnished Avitli very long cilia (fig. 
7i:h B) ; the auditory vesicles, the toutacuhu the eyes, and the foot 
.^nccessively make their appearance ; a curious I'hytljiiiicallvcontractile 
vesicle is seen, just beneath the edge ul the sliell in the region of the 
acek, which may, perhaps, serve as a temporary heart ; a little later 
the real heart may be seen pidsiiling beneatli the doi'sal ]iart of the 
sliell ; and the mass of yolk-segments of which the body is made up 
gradiially shapes itself into the various organs of digestion, respira- 
tion, itc., during the evolution of which (and while they areas vctfni- 
from complete) the capsule thins away at its summit ami tlie einbryos 
make tlieir escape from it.^ 

It happens not unfrcquently that one of tite embryos wlueli a 
capsule contains does not acquire its * sapplcmcnlal ' yolk in the 
manner now described, and can only proceed in its der Ghqimeiit as far 
as its original yolk will afford it material ; and tlum, at the time wlieii 
the other embryos have :ittained their full size ami maturity, a si range- 
looking creature, consisting of two large ciliated lobes with scarcely 
the rudiment of a Ixidy, may be seen in active motion among tlicin. 
This may liapjieu, indeed, not only to one, hut to several embryos 
within the same capsule, especially if their numher should be con- 
sideral>le ; for it sometimes atipears as if tliere were md food euongli 
for all, so that, whilst some attain their fulldimcimi()ns and complete 
development, others remain of unusually small size, \\ithout being 
defieiciit in any of their organs; and others, again, are move or les,s 
eouqdetely abortive — the supply of supplemental yolk which they 
liave obtained having been too small for the develo}mient of tb<>ir 
\iseei'a, although it may have afforded what was iieedi^d for tliat of 
tile eiliated lobes, eyes, tentacles, auditory vesicles, and even tlie 
foot — or, oil the 'other baud, no additional sujiply \\h:ilever liaving 
I teen acquired by them, so that theii’ development lias been arrested 
at a still earlier stage. These phenomena are of so remarkaltle a 
rharacter that they furnish an aliundaut sonree of interest to any 
uiieroscopist who may happen to he spending the montlis ul' August 
and September in a locality in which the Piu'pvru abounds; since, 
Ijy opening a sntticient number of ca];siiles. no dillieulty need be 
experienced in arriving at all the facts ■^^hiell liave Iteeii noticed in 
tliis brief summary.^ 1 1 is luiirli to be desired that siieli mievosinpists 

’ Ttio Author tliinkfi it worth while to nieiitioi\ llie iiielhiitl whidi he has found 
most convenient for examining the contents of the ('irg-cinwules of iO/ryyov), as ho 
believes that it may he advantageously adopted in imuiy other cMses. 'i'his consists 
III faUluig of! the two ends of the capsule (taking i-arc not to cut far into its cayityj, 
nud in then forcing a jot of water through it by inserting the end of a flne pointed 
syringe into one of the ontices thus made, so as to drive ihe contents of the capsmle 
before it through the other. These sliould be received ii do a. shallow cell and first 
"viuiiinod iiiulor the simple microscope. For some furthei' observations on the dc- 
velopnicnt of Fnij)uvay see Professor Haddon, ‘Notes on the Development of the. 
Aliilyisca,’ (^narl. Jaurn. Microav. Hci. .vxii. p. ih>7. 

l-'tiUer details on this subject will Vw found in tlie Autlior’s account of his re- 
Mcarelies in Tr(tyis, Micrmc. Hoc. ser. ii. vol, iii. issr>5, 17. His account of the 
process was called in question by MM. Koreu and Daniel ssen, wlio had previously 
gi^'en <ui entirely different version of it, but was fully confirmed by the observations 
of Dv. Dyster. See Attn. Nat Hist. ser. ii. vol. xx.' 1S,)7, p. 111. Tim indepmulent 
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possess the recpiisite opportunity would apply themsclve^ to t]i(* 
study of the correspmiding history in other Pectinibrunclhatr Castro^ 
pods, with a view^ of determining how’ far the plan now de.sc i'iljf,,] 
prevails through the order. And now that ihese molluscs liavo 
brought not only to live, but to breed, in artificial aquaria, it may ] 
anticipated that a great addition to our knowletlge of this pm-f;, 
their life history will ere long be made. 

Ciliary Motion on Gills. — There is no object that i.s inttej. 
suited to exhibit the geneinl phenomena of ciliary motion tliaii ;i 
portion of the gill of .some bivalve inolluse. Tlie Oi/ster will auswe]- 
tlie purpose sutiicieiitly well ; but the cilia are much larger on tln^ 
gills of the Mussel {Mi/tilus),'^ as they are also on tho.se of the .[mk,, 
or common ‘ fresh-water mussel ^ of our ponds and streams. Xotlnivr 
more is necessary than to detach a small portion of one of tlieribboir 
like bands wliicli will be seen running parallel with the edge ofendi 
of the valves when the shell is opened, and to phice thi.s. with <1 
little of the liquor contained within the shell, upon a sli[) of glass- 
taking cai “0 to spread it out suthciently with ne^les to separate tla.' 
bars of which it is composed, since it is on the edges of these, and 
round their knobbed extremities, that the ciliary movement. [)resents 
itself- — and then covering it with a thin glass disc. ()i- it will be 
c<.>nvenient to place the object in the aquatic box, which will enable 
the observer to subject it to any degree of pressure that lie mav find 
convenient. A magnifying power of about 120 diameters is anijily 
suflieient to afford a general view of this .spectacle ; but .1 niiudi 
greater amplification is needed to bring into view tdie peculiar mode in 
wliich tlie .stroke of eacli cilium is made. Few spectacles are nimv 
striking to the unprepared mind lhan the exhilfition of such woin 
tleiful activity a.s will then become apparent in a body which to all 
ordinary observation is so inert. This activity serves a ilo\il)le ])iir- 
pose ; for it not only drivc,s a continual current of water mer llit* 
surface of the gills tliemselves, so as to effect the aeration of tlie 
blood, but al.so directs a portion of this cui'reht to the month, so 
:is to supply the digestive apparatus with the aliment aftbnled by 
the JJiatomaeet'e, Iufus(fria. Ac. whicli it carries in with it. 

Organs of Sense of Mollnacs.— Some of the miimtei- and moif.- 
rudimentary forms of the special organs of sight, hearing, and toarli 
wdiich the molluscous series presents are very interesti)ig objerTs oi 
microscopic examination . Thus, j ust within the margin < d’ eatdi valve 
of Pecten, we see (when we obiserve the animal in its living stide 
under water) a row of minute circular points of great hiilliiUicy. each 
surrounded by a dark ring; these are the eyes uiih whudi this 
creature is provided, and by which its peculiarly active moveiucnt" 
arc directed, Eacli of tliem, when their structure is carctully cxn- 
mined, is found to ho protected by a sclerotic coat with a traiispamit 

observations of M. Clajuuvde on the develoi.)iiiciit of yrrifiiiu jjiritritihfi 
Archiv, ]Si>7, p. 100, inid abstract in 0 / Xat. Hist. mt. ii. vol. nx. b I;”'' 
showed the mode of development in that species to be the same in all essenad jm- 
tieulars as that of Hurpura. ’Ihe subject has again been reeeiuly 
minuteness by Selenka, Xiederlamlisrhes Archiv fiir ZuoJopic, Bd. '• 'huyn 
^ This shellfish may be obtained, not merely at the seaside, but hkeaisc a 
shops of the fishmongers wlio sujiply the humbler classes, eve.i in .Midhui loftas, 
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cornea in front, aiul to posses^; a ooloni'(‘(] iris (iiaving n pupil) tlint 
is continuous with a hiyer of pigment lining tiu; sclenotic, a ciystalline 
lens and vitreous body, and a retina! exjiansiou ])r()<veding from an 
(,ptic nerve which passes to eacli eye tVoiu tlu'‘ trunk tliat rmis ahmg 
the margin of the mantled Professor II. X, Mdsclev made the 
interesting discovery that many of the Chltoiwht: are prenuded with 
a large number of minute eyes on the exjuiscd areas of the outer 
surfaces of their shells; as the tibrcs of the nei\-e are directed 
to the rods from ladiiml these eyes are of the ordinary invertebrate 
type, and differ therein from the just mentioned eves of rrekn. or 
those which are found (m tl\e back of Onchifll c 1 , 1 ] \\]ik-h r<‘scml)le 
the vectebrato retina in liaving the optic fibres inserted into the fr<mt 
aspect of the layer of rods.- Eves of still higher organisation are 
borne upon the head of most (tastropfal molluscs, generally at the 
t>a.se of one of the pairs of tentacles, but sometimes, as in the Siudl 
and S(if(j. at the points of those organs. In the latter ease the t(‘n- 
tacles are furnished with a very }ieeuliar ]tro\isi()ii for the jaotection 
of the eyes ; for when the extremity of either of them is touclied it 
is drawn hack into tiie basal part of the organ, mach as tlieting(‘r of 
a glove may iie pnslied hack into palm, T!ie retraction of the 
tentacle is accomplislied hy a sti'ong inns(ailar hand, wln'c!^ mist's 
within tlie head and proceeds to the extremity of the tentacles; 
whilst its protrusitm is effected by the agency of the circalav Irinds 
with whi<‘h the tubular wall of the teiitach' is it self furnisi’ied, the 
invevtetl porl.ion being (as it were) stpieezed out by the (‘ontractimA 
of the lower part into which it has been drawii back. The struct ui-e 
of the eyes and the curious pi’uvision just described may e.-isily be 
examined Iw .snipping oft’ one of the eye-bearing tentacles with a j>:iir 
of scissoi'S. Xone but the Oephalopial molluscs have distinct organ.s 
of hearing; but rudiments of such oigans may be fnmd in most 
(histropods (fig. 711. K. a*), attached to some part of the nervous 
collar that, surrounds the (esophagus, and even in man}’ bivalves, in 
connection with the nervous ganglion indaeihled in the base of the 
foot. These ‘ auditory vesicles.' as tliey are termed, are minute sac- 
culi, eaeli of which contains a fluid, wherein are .sus|HMided a number 
of minute calcareous particles (named otolith, or ear-stones), which 
are kept in a state of continual movement l>y the actioii of cilia 
lining tlie vc.sicles. This 'wonderful speetacle,' as it xvas truly 
♦lesignated by its di.seoverer Sielnald. ]nay be iumught into view 
without any di.ssection l)y sidmiitting the head of any smidl and not 
very tliiek -skinned (lasiropod, or the young f'f the larger f<>niis, to 
gentle eompres.sioii nude]' the microscope and transmitting a strong 
light through it. The very early appearance of the auditory vesicles 
in the embryo Gastropod lias been already alluded to. Those who 
have the opportunity of examining young speeimeos of the common 
Pf’oleti will find it e.xtremelv interesting to watch the action of the 

'• See :\Tr. S. .T. Hieksoii on ‘ The Eye of Peelen ’ in Quart- Jouyu. Mir rase. Sri. ^ 
vo). XX. n.s, IfiSfl, p. 443, und K. E, Sehreiner, ‘ Die Austen hel Eecten iind thmii,,’ 
Lk-ryens Mufi. Aarhorj^'lS%,m>. 1. 

' SeePiofessor Moseley' OiithePi'Csenceof Eyes in fhu Shells of eertivinChitonithe 
And oil the Structure of these Organs,’ in Quart- Jouru. .ViVmsr. Sri. sxv. p. 37. 
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very delicate tentacles which they have the power of put.tin- toi-tj, 
from the margin of their mantle, the animal being eonli]U‘il 
shallow cell, or in the zoophyte trough ; and if the observ< r Am]i\ 
be fortunate enough to obtain a specimen so young that tin* \-alves 
are cpiite transparent, he will find the spectacle preseiitc'd hy tho 
ciliary mo^'ement of the gills, as well as the active play of Wm fo„t 
(of whi(di the adult can make no such use), to be wortliy nf 
than a cursory glaiu^ed 

Chromatophores of Cephalopods. -Almost any species of cuttk- 
fish {KSepki) or squid [Lolhjo) will afford the opportunity of exainining 
tlievery curious provision which their skin contains for elmriging its 
hue. This consists in the presence of numei'cns large ‘ pippeiit H ells, 
containing colouring matter of various tints, the prevailing colour, 
however, being that of the fluid of the ink-bag. These pigineiit-cclls 
may present very different forms, being .sometimes nearly glohuliiv, 
wliilst at other times they are flattened and extended into r-uliiitiug 
prolongations; and, hy the jieciiliar contractility with which they are 
endowed, thev can pass from one to the other of these (*on(liti(uis. .so 
as to spread their coloured contents over a comparatively largo 
surhice. or to limit them within a comparatively small area. \h>]y 
commonly there are different layers of these pigment-cells, their oon- 
teiits liaving different hues in each layer; and thus a great vai'iety at' 
coloration may he given by the alteration in the form of tlie cells of 
which one or another layer is made up. It is curious that the 
change.s in the hue of the' skin appear to he influenced, as in the case 
of th^e chameleon, hy the colour of the surface with which it may W 
in proximity. The alternate contractions and extensions of these 
pigment-cells, or chromatophores, maybe easily observed in a piece of 
Mn detached from the living animal and viewed as a transiiarem 
oh^ect, since thev will continue for some time if the skm he placed 
in’sea^vater. And they may also be well seen in the einlmyo cuttle- 
fish, whicli will sometimes be found in a state of sufficient adumce- 
ment in the grape-like egg.s of these animals attaelie.l to sea-weeds. 
ziiopliYtcs, iT. The eggs of the small cuttle-fish termed 
which' i.s very common on our southern co;ists, are jinbedded, liketJiosc 
of the Doris, in gelatinous masses which are attached io seaweeds, 
/dophvtcs, ; and their emliryos, when near maturity are ex- 
tremely lieautifiil ami interesting ohjeets, being sufficiently traiiv 
parent to allow the action of the heart to be distinguished, as 

to show most advantageously the changes mcessanlly occurring nt 

the form and hue of the ‘ chroiuato])hores.' “ 

1 Much valiiahle information concerning the sensory organs 
found in Dr. H. Si, nroth’s memoir, ‘ Ueher die Smnoswerkzeugc miseiei unnum 
achen Weichthiere,’ Ztitsrhr. fiir 7rm. ZUol. xxp, p. :-7. 

For further information regarding the Ixxviii.'p. v, 

Klcmensiewicz in the Sif~>i)ujsberichta of the Vienna Acadeoj, 
and Krukenberg, Vtrgh plti/stol. SttuUen im. ^ consulted by 

The following works and memoirs on the London, 

the student: H. P. Woodward, A Miunial of the ) 'f 

Keferstein, in Bronn’s A'/ossr/i und OrdnungcM (ksiloej „ BriUoiiin'<r^ 

by Professor Ray Lankester, in the atli edipoii of Rev. A. H- 

M. P. Fischer's yfanucl dc CourJfi/liohgm, Vnnh, *’ A y,, ,crous reports 

Cooke’s vulmnein the (Pnnhridgr yatura History ; as well as the niu-. 
on the Mollusca collected by Il.M.S. Chaliettyer. 
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UxDKR the general designation ot Wormis inauv naturalists still 
yroup a number of IMetazoa, whicli dlfl’er considerably among them- 
selves. and exhibit on the one hand very simple, and on the other 
somewhat complex plans of ovganisiition ; the assenddage is, indeed, 
hardly anything else than a zoological lumber -room, from which, 
with the progress of reseaiadi, grouj) after group may he expected to 
He removed. Among others there are included in it tin* }Jutozoa or 
intestinal worms, the liotifera or wheel- animalcules, 'fnrbdlarm, and 
AuMilata, each of which furnishes many objects for microscc^pic 
examination that are of the highest scientific interesr. As our 
business, however, is less with the professed morphologist than with 
thegeneml inquirer into the minute worn lei's and Idealities of Xature, 
we shall pass over these classes (the liotifera having lieen already 
treated of in detail, Chapter XIII) with only a notice of such points ns 
are likely to be specially deserving the attention of observers of the 
latter order. 

Entozoa. — This term is one wliich has been applied to such worms 
as are parasitic within the bodies of other animals, and which obtain 
their nutriment by the absorption of the juices ol‘ these, thus 
bearing a .striking analogy to the parasitic Fungi.* The most re- 
markable feature in their structure consists in the entire absence or 
the extremely low development of their nutritive system, and tlie 
extraordinary development of tlieir reproductive apparatus. Thus 
in the coiiimoii Tmiia (‘ lfi])R-worm '), wliidi may betaken a.s the type 
of the Cestoid group, there is neither mouth nor stoinacli, the so called 
* he;ur being merely an organ for attachment, whilst the segments of 
the ‘body’ contain repetitions of a complex geneiutive apjiaratus, 
the male and female sexual organs being so united in each as to 
enable it to fertilise and bring to maturity its own very numerous 
eggs ; and the (diief ('onnection between these segments is established 
by two pairs of longitudinal canals, which ap})ear to re[)resent the 
‘water- vascular system,’ whose simplest condition has been iiuliced 
In the wheel-animalcule, Few among the striking result, s of micro- 
scopic inquiry have been more curious than the elucidation of the 
real nature of the bodies formerly denominated cystic Entozoa, which 

^ The innst important work on liuinan entozoic parasites Is that hy Trotessor 
J)ic inenschliclieH Parafiiffiu oi which a seennti edition is now in course 
of rmblication; of this the first portion has been translated into English by 
Mr. W. E. Hoyle. 
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had been previously ranked as a distinct group. Tlie.se nee nor 
found, like the preceding, in the cavity of the sdimentary (.n,ai 
the animals they infest, but abvay.s occur in the suhstaiice r,f sofa 
or<uins, such as the glands, muscles, <i:e. They present theijis(^l\-es ti, 
the eve as bags or'vesicles of various sizes, sometimes occuiTinr! 
singly, .sometimes in groups; hut upon careful examinaiion eiuk 
vesicle is found to liear upon .some part a ‘head’ furnished Mitl, 
hooklets and suckers ; and this may he either single, as in 
(the eiitozoon rvbost' presence gives to pork wlmt is known as rlie 
‘ measlv’ disorder), or multiple, as in Oannfs, wliicli is develope.lin 
the bnun, chiefly of .sheeii, where it gives rise to the disorder known 
as Hhe staggens.’ Now, in none of these cystic forms has anv 
f^enerativc ap'paral.us ever been discovered, and hence tliey an* nil- 
viously to he considered as imperfect animals. The close resoinl ilaiio.- 
between the ‘ heads oi cei'tum C!ystiCQVcl and that of certain 
first suggested that the two might Ix" difterent states of rhe same 
animal ; and expei’iments made by those who have devoted tlieiii- 
selves to the working out of this curious subject liavi* led to tlin 
assured c<mcUision tiiat the cystic. Entozoa are iiotliiiig else tlian 
cestoid worms, whose development has been niodifled Ity the 
peculiarit} of their [losltion, the large bag lieing formed iw a son 
of dropsical accumulation of fluid w hen the young <ai-e evolved in tlx 
inidst of solid tissues; whilst the very same bo<lies, conveyed into tlx 
alimentarv canal of some carnivorous animal which lias fed ujnm the 
flesh infe.sted with them, begin to bud forth the generative segments, 
the lom? snccossioii of which, united end to end, give.s to the witin* 


series a band-like aspe(-t. 

Other forms of Eivto/.oa belong to the XemaUnd or tlireaddike 

of which the common /bcrtrw may lx* taken as a Typt* ; one 

species of this (the 4 . Inmhriandes or ‘round worm') is a common 
parasite in the small intestine of man, while another (the 
vermiadaris or ‘tliread-worm’) is found rather in the lower howel— 
and thev are much less profoundly degraded in their organisation: 
thev have a (list inct alimentary canal, which commem-eswitli a mouth 
at the aiitiu'ior extremity of the body, and which terminates hy an anal 
orifice near the other extremity ; ainl tliey also possess a regvibv 
arrangement of circular and longitudinal muscular fibres ^ly wliidi 
the bodv can be shortened, elongated, or Ixuit in anv direction. Tli** 
smaller^Xematode worms, hy some or other of wliich almost tverv 
veifebrated animal is infested, are so transparent that every pm’t oi 
their internal organisation may be made out. especially wita tlx 
assistance of the coniiiressor. without any dissection ; and the stmlv 
of the structure and actions of their generative apparatus lni< ncMeu 
manv verv interesting results, especially in regard to the fii^t 
tioi/of the ova, the mode of their fertilisation, and (he liistoii <• 
their subsequent de\ elopincntd Some, of the worms ' 

this group are not parasitic in the bodies of other ammah. m ■ 
in the midst of dead or decomposing vegetable matter. 
as Gordhts or the ‘ hair-worm.’ are parasitic for the gie.il.u j* ■ ^ 

1 See partlcalarly the various reeent memoirs of V an Boncaeii and c.>[ l>o\ fO, based 
on a study of Ascaris w€(jalocri}liaia. 
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their existence, but leave tlieir host for the purpose of maturing 
their generative products ; in these later stages the Omlius is fre!^ 
queiitly fountl in large knot-like masses (whence its iiauie) in the 
water or mud of the pools inhabited by tlie insects in \vliich the 
earlier stages were passed. The An/jmllulai are little eoMike wormSj 
of which one si^edes,A,^^unaUli8, is. very often found in fresh water 
amongst Desniidim, Confervce^ &e., also in wet moss and moist earth, 
and .sometimes also in the alimentary camals of snails, fro^s, fishes* 
insects, and larger worms ; whilst an'allied species, Tt/lem-hus tritici 
is met with in the ears of wheat affected with the hligdit tamned the 
‘cockle; ’ another, the yl. ylidinis (J. acQti), is found in sour paste, 
and wa.s often found in stale vinegar, uiitil the more complete 
removal (jf mucilage and the addition of sulphuric acid in the 
coui’se of the manufacture, rendered this liquid a less favourable 
‘ habitat ' for these little creatures. A writhing mass of any of these 
Species of ‘ eels ' is one of i.Iie most curious s})ectacles which the 
mici'oscopist can exhibit to the unscientific oi)server ; and the 
Ciipahility which they all possess (in common with Rotifers and 
Tar<ligrades) of revival after desiccation, .it a voi'v remote interva.) 
enables him to command the spectacle at any time. A grain {)f 
wlmat within which these worms (often crroneoirsly (‘ailed Vihrioim) 
arc being developed gradually assumes the appearance, of a black 
peppercorn ; and if it be divided the interior will he found almost 
completely filled with a dense while cottony mass, oc-cupying the 
place of the Hour, and leaving merely a small place for a little 
glutinous matter. The cottony substance seems to the eye to consist 
of bundles of fine fibres closely packed together ; but on taking out 
a small portion, and [tutting it under the inici'OScO[)e with a little 
water under a thin glas.s cover, it will be found after a short time (if 
not immediately) to Ite a wriggling mass of Hie. the apparent fibres 
being really AnguilluUe or ‘eels' of the microscopist. If the seeds 
he soaked in water for a couple of hours before they are laid ojtcn, 
the eels will be found in a state of m^tivitv from the first: their 
movements, however, are by no means so energetic, as thfjse of the 
d. (jlutinis, or ‘ [)aste eel.’ This last frequently makes its a])peat‘a!iee 
spontaneously in the midst of paste that is turning .sour ; l)ut the 
best means of secuiring a .supply for any occasion consists ii^ allowing 
a portion of any mass of paste in wbicli they may [iresent themselves 
to dry up, and then, laying this by so long as it may not be wanted, 
to introduce it into a mass of fre.sh paste, which if it he kejd warm 
and ]ii(hst will be found after a few days to swarm with the-se curious 
little creatures. 

Besides the foregoing orders of Entozoa, the 7remdo(k group, 
whixh is more closely allied to the Cesfoda than to the Nematodes, 
must be named ; of this the Disioma hepatievm, or ‘ flnke,’ found 
Hi die livers of sheep affected with the ‘ rot/ i.s a typical e.xaiiqde. 
Into the details of the structure of tliis animal, which has the 
general form of a sole, there is no occasion for us here to enter ; 
it ;s remarkable, however, for the branching form of its diges- 
tive cavity, which extends throughout almost the entire body, very 
nuich as in the allied PUnm'm (fig. 7U) ; and also for the curious 
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phenomenii of its development, several distinct forms being 
through between one sexual generation and another-. 'J'hese l,av^ 
been especially studied in the Distoma, which infests 
the ova of which are not developed into the likeness of thni- 
parents, but into minute worm-like bodies, which seem to be little 
else than masses of cells inclosed in a contractile integiniiciiT. no 
formed organs being found in them ; these cells, in their tm-n, 
developed into independent laiwee, whi(‘h escape from their eoiitiiin- 
ing cyst in the condition of free ciliated animalcules ; in tliis mi 
dition they remain for some time, and then imhed themselves in 
the mucus that covers the tail of the mollusc, in which they uiifkigo 
a tu’adiial development into true Distomata ; and having thus ac'- 
quired their perfect form, they penetrate the soft integument, and 
take up their habitation in the interior of the body. Thus a loii- 
sideraWe number of Distomata may be produced from a single ovum 
by a process of cell -multiplication in an early stage of its develep- 
inent. In some instances the free ciliated larvm are provided ivitli 
pigment-spots or rudimentary opti(t organs, although these organs me 
wanting in the fully developed Distoma, the peculiar ‘habitat’ of 
which would render them useless^ 

Turbellaria. This group of animals, which is distinguislied ty 

the presence of cilia over the entire surface of the body, contains 
forms which are among the simplest of those in wln’cli the Metazoic 
organisation obtains. It deserves special notice here chiefly on ac- 
count of the frequem*}^ with whicli the worms of the Planmian 
tribe present themselves among collections both of marine and of 
fresh-water animals (particular species inhabiting either locality} 
and on account of the curious organi.sation which many of the^e 
pos.sess Alost of the members of this tribe have elongated, flattened 
Ixjdiesrand move bv a sort of gliding or crawling action over tlu- 
surfaces of aquatic plants and animals. Some of the smaller kmd> 
are sufficiently transparent to allow of their internal structiii-e being 
seen by transmitted light, especially when Uiey are slightly c, tic- 
pressed ; and the opposite figure (fig. 714) displays 
conformation of their principal organs as thus shown. Ihe l»d) 
has the flattened sole-like shape of the Trematole fcntozoa ; its 
mouth, which is situated at a cousiderablo distance from tlieantoriov 
e-xtremitv of the body, is surrounded by a circuLar suckci tli.it s 
applied to the living surface from which the animal draws its mit ii- 
mebt; and the buccal c.avity (i) opens into » ^ 

which leads at once to the cavity of the stomach, '1^;, 

not give origin to any inte.stnial tube, nor is it P‘''' ^ 

.secoSd orifice ; but a large number «1 

from it, which carry its content.s into every 

seems to render nniieccs.sary any system o vessels « «« 

of nutritive fluid; and the two ti 

and ramifying bianfhe.s, wliicli may he ohsemed m 

1 On tlic aevclopmeiit and lite-lustor)' of ' bj' ’’p-rtii- fiir ynt"' 

'' 
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i-e<rarde(l in the light of a gastro-vascular system, the function of 
which is not only digestive, but also circulatory, lloth sets of sex\uil 
•<rniis are combined in the siuiie iudividiuds, tiiough the (congress 


j tAvo, efich impregnating the ovi 
i-ally accessary. The ovaria, as 
in the Entozoa, extend through 
a large part of the body, their 
j-aiiiihcations proceeding from 
tlie two oviducts whioli 

liave a dilatation (1) at their 
point of junction. The JHa- 
^ do not multiply by eggs 
alone ; for tliey occasionally un- 
dergo spontaneous fission in a 
transverse direction, each seg- 
ment l)ecoming a perfect animal ; 
and an artificial division into 
two or even more par<,s may be 
practised witli a like result. Tn 
fact, tlic power of the Pianm'w 
to reproduce portions which 
liave been removed seems bnt 
little inferior to that of the 
JJifdra; a circumstance which 
is peciiliai'ly remai'kable when 
the much higher character of 
their organisation is borne in 
jiiiml. They possess a ilistiiict 
pair of nervous ganglia (/,/). 
from wliich branches proceed to 
various parts of the body ; and 
ill the neighbourhood of these 
are usually to lie observed a 
number (varying from two to 
forty) of oceUi oi' laidimentary 
eye.s. each having its refracting 
Ixxly or crystalline lens, its pig- 
ment-layer, its nei'vc-bulb, and 
its cornea-like hnlging of the 
skin. The integument of many 
of Ihese animals is furnished 


of the other, seeims to be gene- 



Fl(i. 714.— Striietiir.! of PoJijcrli.^ (ai- 
(jnfiiH (a Plaiurian wonn); a, mouth, 
surrounded by its circukr sucker ; fc, 
buccal cavity; r, tesophagcal oritice; 
ff, stomach ; c, ramifications of gastric 
canals ; /, ceplialic gniglia and their 
nervous filanieuts; (j, (j, testes; /(, 
vesicula seminalis: i, male genital 
canal; l\ k, oviducts; f, dilatation at 
their point of junctioii ; ffi, female 
genital orifice. 


with cells containing rods or spindles whicli are very possibly 
comparable to the ‘ thread -cel Is ' of ziiopliytes.'^ 

Anuulata.— Tliis class includes all the higher kinds of worm -like 
uuiiiials, the greater part of whicli are marine, tliough there is one 
well-marked group the members of which inhabit fresh water or li^e 


‘ Sec Balfour's vol. i. pp- ISSl-lfiii- 

- For further information regarding the TitrbeUaria consult Dr, n. Onrn s article 
on Pknarians in the Otli edition of the Exciichiixalid Brii<tnnivo,mnl hi>; maguih- 
ccut Mouoc/mpJne der TurbeUarhhii, Leipzig, isSiJ; A, Lang, Die iVi/c n Jen, 
Leipzig, 1S84; P, Ilallez, Contribidiom ii. rhistvire naturcUe fha ItirbelUmcH, 
Lille, 1879. On transverse fission, see Beil, Jaunt. Boj/. AL'riw. Soc. fd', vi. p. 1 lUe 
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on land. The body in this class is usually elongated an.l neai-h- 
ahvays presents a Tivell-Tiiarked segment^ division, the sr-gmeut, 
bein» for the most part similar and equal to eaxb other, except at 
the Wo extremities; though in some, as the leech and it> 

the segmental division is \ erv iji’ 
distinctly seen, 011 account; of tlie 
general softness of tlie intogunicnt. 
A large portion of the inai-iue An- 
nelids have special rospirnTorv a]i- 
pendages, into which the fluids of 
the body arc sent for aerntion. m\ 
these are situated upon llie head 
(fig. 715 ) in those speeie.s wljid, 
(like the Serpula, TerchlU. 
laria, kc) have their boilies inclosed 
by tubes, either formed of a shellv 
substance pi'oduced from tlieir (mn 
surface, or built up by the agglutina- 
tion of grains of sand, fVagineiils of 
shell, lAc. ; * whilst tliey are di-vtii- 
buted along the two sides of thehodv 
in such as swim freely through tlie 
'Water, or craw 1 over the stii faces of 
rocks, as is the case w itli tlicdV/’eidf'. 
01' simplv bury themselves in tlia 
sand, as the Aremcola or ‘ lob-woviii.' 
In these respiratory appendages the 
circulation of the flui<ls may be di.- 
tinctly seen by micvosco[)ic exami- 
nation ; and tliese fliiid.s are of twd 
kin<ls : first, a colourless fluid, con- 
taining numerous cell -like coi- 
puscles, which can be .seen in tlie 
smaller and more transparent 
Ki. <1.*— Simcies to occupy the .qiace tliat 
'i intervenes between the («trv «n 
the trunk ; f?, skin of the buck ; e, f.^ce of the alimentary canal mul 
pharjuix; /, intestine ; c/, longitudinal iniier wall of the body, and tu 

muscles of the infenor surface of the I 

body; h, glandular organ; organs pass tlOlll ttll.s mio caia . 
of generation;;, feet; A-, A', brauchnu ; raiuitv extensively lU nii 

/ dorsal ve.ssel acting as a respiratory organs, blit lUe 

heart' a.n-sn-intestnuu vessel; L . . , 



Fici. 71.1— Circulatin, 


heart; ?n, dorso-uitestnml \tssel, . ^ ^ -ri ivtnrning sene> 

u, venous sinus surrounding asoplm- tuilimbeil witli a uuui r , 

<rns- inferior intestinal vcsbel ; passages; and second, a nu 

0, 0, Ventral trunk ;p, lateral vascular usuallv red, COutiUiis e" 

floating particleV and is inclosed m 
a system of proper vessels tdmt communicates whh 
Miin.'or.V,,K.ulnot onlv enrries the Httid utvuy trot. tht.. td 
finnglit tafk .gain, in TM. wo find a diattnU, ,:.fOV,s,on lot 

1 Fnv an mterastinf! account of the foiiiiation of llicso tubes see Jlr. b- ' 
paper in Joiirn. Boij. Mur. Soc. ISW, p. 
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■lei'iition of both fluids ; for the firtst is transmitted to the tendril- 
like tentacles wliicli surround the mouth (fig. b), whilst the 

>,.eond circulates througli tlie beautiful arborescent gill-tufts a*, k) 
situated just behind the head. The former are covered with cilia/the 
, lotion of which continuallv reiieAvs the stratinu of water in contact 
with them, whilst the latter are destitute of these organs; and this 
seems to be the general fact as to the several appendages to which 
these two fluids are respectively sent for aeration, tlie nature of their 
ilistrihution varying greatly in tlie diflerentmemhers of the class. Jn 
tlie obsei-vation of the beautiful spectacle presented by the respiratory 
circnlatioii of the various kinds of Annul ates M'hich swai-iii on most 
of our shoresj a, ml in the examination of what is going on in the 
interior of their bodies (where this is rendered possible ])v tlieir 
transparence), tiie iiiicvoscopist will find a most fertile source of 
iuteresting occupation ; and he may easily, with care and paiicjice, 
make many valuable additions to our present stock of kuowleilgo on 
these points. There are many of lliese marine worms in which 
the appendages of various kinds put forth from the sides of their 
bodies furnish very beautiful microscopic 'olijects ; as do also tlie 
ditferent forms of teeth, jaws, &c. with which the mouth is com- 
uioiily armed in the free or iion-tubicolar species, which are 
eminently (xmiivorous. 

The early lil.story of their development is extremeb^ curiou.s; 
lor many come forth from the egg in a condition very little 
more advanced than the ciliated gemmules of polypes, consist- 
ing of a globular mass of unlransfonned cells, certain parts of 
whose surface are covered with cilia, which ordinarily become 
ari'anged in one or more definite rings ; in a few hours, however, 
til is embryonic mass elongates, and the indications of a segmental 
division become apparent, the head being (as it were) marked ofl 
in front, whilst behind this is a large segment thickly covered with 
cilia, then a jiaj-mwer and non-ciliated segment, and lastly the 
camlal or tail segment, which is furnished w'ith cilia. A little 
later a new’ segment is seen to be interposed in front of the 
caudal, and the dark internal granular mass shapes itself into the 
outline of an alimentary canal. ^ The number of segments })ro 
gressively increases by the interposition of new ones between the 
caudal and its preceding segments; the various internal organs 
become more and more distinct, eye-spots make their appearance, 
little bristly appendages are put forth from the segments, and 
the animal gradually assumes the likeness of its parent; a few 
days being passed by the tubicolar kinds, how'ever, in the actively 

^ A most curious transformation oiioe occurred within the Author’s expeneuce. 
in the larva of an Annelid, which was furnished with a hmatl collar or disc fringed 
with \ei'y long cilia, and showed merely an appearance of segmentation in its hinder 
part ; for in the course of a few^ minutes, during which it was not under observation, 
this larva assumed the ordinary form of a inarinc worm three or four limes its pre- 
vious length, and the ciliated disc entirely disappeared. An accident unfortunately 
pre‘-ented the mote minute examination of this worm, winch the Author would have 
•'ilierwise made ; but he may state that he is certain that there was no fallacy as to 
the fact above stated, this larva having been placed by itself in a cell, on purpose 
that it might be carefully studied, and'having been only laid aside for a short time 
nlnlst other selections were being made from the same gathering of the tow-net, 
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moving condition, before they settle down to the fovmntio-i of. 

To carry out any systematic observations on the emljwonic 
development of Annulata the eggs should be searched for iu tlir 
situations which these animals haunt; but in places \Aliere Auim- 
lata abound free-swimming larvje are often to be obtaiiad .t tin, 
same time and in the same maimer as small Medusse ; and tVicie is 
probably no part of our coasts oft which some \'ei‘y curious toim> 
may not be met with. The following may be specially mnitioneil 
as departing widely from the ordinary type, and as in tliemsclve> 
Vxtremelv beautiful objects: The Actinoirocha, which is now known 
to be the young stage of tlie (leihvieau 
worm PkoTonis (fig. 716). I)ears si 
^ strong resemblance in many ptirtiruliii-s 

/ ‘ bipin narian’ larva of a stiir- 

/ fish, having an elongated bod)’, witli 

I w ^ series of cilifiteil tentacles [d) syui- 

I ) metrically arranged ; these* tentacles. 

however, proceed from a sorl, of disc 
\ which somewhat resembles tin*, doplin- 

\ phore’ of certain Poly zoa. Tlie mom]! 

fh~ (^) concealed by a broad Imt pointed 

'epi.stome’ («), which soine- 
times closes down upon the tenfaciiliic 
sometimes raised and c.\- 
forwards. The nearly cyliii- 
terminates abruptly at tlu' 
other extremity, wdiere the anal orifice 
‘A' of the inte.stine (^/) is suiTOumled hy :i 
S W' H- circlet of very large cilia. This aiihiril 
/ swims with great activity, sometime 

/] by the tentacular cilia, sometimes ty 

the anal circlet, sometimes hy hotli 
combined ; and besides its moveiiu'iit 
progression it frerjuently donlik*:j 
Fig. ll&.^-Actnivtrocha hrnnehi- itself togethec, so as tO bihig the aiml 

ata: a, epistome or hood; t-, extremity and the epistome almost inte 

anus; c, stomach; rf, ciliated * , - tj. ■ i fli'it tllv 

tentacles ; mouth. cont act. It is .so traiispai cut that T u 

whole of its alimentary canul may ft- 
iLS distinctly seen as that of Lugnncnla ; ami, as in that 
the alimentary masse.s often to be .seen within the stoniac i ( j • 
kept in a continual whirling movement by the agency ot d m, 
which its wails are clothed.^ An even more extraonlinai’)- depai u 
from the onlinary type is presented by the larva whitb | y 
the name PHidiant (fig. 717), its shape being tliat ot a helme , 

^ For furtlier information on this subject see Balfour s Compdioto ( E 

vol. i. chap. xii. and the memoirs there citocl, _ ikW n. P'‘' 

2‘Ueber Pilidium und .idi«o^ror/irt ’ in ilnller s 
more recent observations upon the latter of ilw 

Embruolorj, vol. i. pp. 29f)-30'2 ; and a paper on ‘ The Origin 
Metamorphosis of Aduiotrocha; liy Mr. E. B. Wilson ug Baltm.ou , 

Journ. Microsc. Sci. April 18S1. 
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nluiiic of which is replaced by a single long bristle-like appendage 
Hiat is in continual motion, its point moving round and round in a 
circle. This curious organism, first noticed by Johannes ]\[uller, has 
1)6011 since ^iscertained to be tlie larva of some species of the. Xenier- 
tiiic worms, which belong to the dii isioii Anap(a. a group in which 
there are no stylets to the proboscis/ 

Auiono* the animals captured by the tow- net the marine 
zoolo»jist will not be unlikely to meet with a worm which, 




Fig. 717. -PiUdiiim gt/rans . A, young, showing iiU the 

ranal, and at b the rudiment, of the Nemerhd; B, more advuKCcl 
stage of the same ; C, newly froerl Neinertid. 


altimngh iiy no means microscopic in its dimensions, is an admirable 
subject for microscopic observation, owing to the ®^tieme lan^ 
[jarence of its entire body, wliich is such tts to rendei 1 « 1 cii 
be distinguished when swimming in a glass jar e.xce])t by a very 
favourable light. This is the TomopUris, so iianuH^ 1011 
ilivisioti of the lateral portions of its bod}" into n ^ucettssion 0 ’sv ii ^ 
like segments (fig. 718 , B), each of thorn carrviiig at 
pair of pinnules, by the movements of which it is rapu \ prop ^ 
through the water. The full-grown animal, winch measnre.s nearly 

* See especially Leuckart and Pagcnstecher 9 ‘ Ijuteisuchungeii ^^^^ithor 

Seetliiere * in Muller’s Archlv, lS.yi, p. oG'J ; and Balfour, o[i. (< ■! ■ 
has frequently met with Pilidiiim iu Lamlasli Bay. 
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an incli in length, has first a curious pair of ‘ frontal hovii> ‘ pj.Q. 
jecting laterally from the head, so as to give the animal the appeal- 



718 , —Structure and development of lomopitm ''il* ' 

of caudal prolongatione, contannng the spermatic sacs, rt ^ ‘ 

soecimeu ; C, hinder part of adult female specnnen, . p 

ova Ivinti freely in the perivisceral cavity and its caudal „ Wg 

ciliated canal, commencing externally in the larger and smaller ^ 
discs a fj ; E, one of the pinnulated segments, showing the po^ 

Sted camil, V. and its roscttedike discs, «, i; showing also the ^ 
development of the ova, d, at the extremity of the segment, h, ^ 

ghon'SitBpairof auditory (?) vesicles, a a, and its two ^Hi, , U 

segments, followed by bifid tail. 
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nnce of a ' hammer-headed ’ shark ; bel^ind these there is a })air of 
very long antennse, in each of which we distinguish a rigid hristie- 
like stem or inclosed in a soft sheath, and moved at its base 
hx a set of muscles contiiined within tlm lateml protuberances at 
the head. Behind these are about sixteen pairs of the ordinaiy 
pinnulated segments, of which the hinder ones arc much smaller 
than those in front, gi'adually lessening in sizti until they become 
almost rudimentary ; and wliere tliese cease tlie body is continued 
onwards into a tail-like prolongation, the length of width vai-ies 
«Teatly according as it is contracted or extendtvl. dhis ]irt)longation, 
however, bears four or five pairs of very minute appendages, and 
the intestine is continued to its very extremity, so that it is really 
to he regarded as a continuation of the hxly. Tn the head wo hnd, 
betw'een the origins of the antenna*, a ganglionic mass, the component 
cells of which may he clearly distinguished inuler a sullicient mag- 
nifying power, as shown at F ; seated upon this are two jnginent- 
siaits (6, b)^ each bearing a double pellucid lens-like body, wdiich are 
obnously rudimentary eyes ; whilst imbedded in its anterior por- 
tion are" t^vo peculiar nucleated vesicles, a, a, which are probably 
the rudiments of some other sensory organs. On the under side of 
the head is situated the month, which, like that of man)' other 
Annelids, is furnished with a sort of proboscis tlmt can be either 
projected or drawn in; a short (esophagus leads to an elongated 
stomacli, which, when distended with fluid, occupies the whole 
cjivity of the central portion of the body, a.s shown in fig. B, but 
which is sometimes so empty and contracted as to be like a mere 
cord, a.s .shown in fig. 0. In the caudal appendage, however, it is 
ahvays narrow’ed into an intestinal canal ; this, when the appcndag(‘ 
is in an extended state, as at C, is nearly straight ; hut when the 
appendage is contracted, as seen at B, it is thrown into couA'olutions. 
Tlie perivisceral cavity is occupied by fluid, in whic'li some minute 
corpuscles may be distingnished ; and these are kept in motion by 
cilia which clothe some parts of the outer surface of the alimentary 
canal and line some part of the wall of the body. Xo other more 
special apjjaratus, cither for the circulation or for tlie aeration of 
the nutrient fluid, exists in this curious worm, unless we are to 
regard as siibsei'vient to the respiratory function the ciliated canal 
which may be observed in each of the lateral appendages except 
tlie five anterior pairs. This canal commences by two orifices at 
the base of the segment, as shown at tig. E, 6, and on a larger scale 
at fig. B ; each of these orifices (I), (i. h) is surrounded by a sort of 
rosette, and the rosette of the larger one (a) is turnislied wuth 
radiating ciliated ridges. The two branches incline towards each 
other, and unite into a single canal tliat runs along for some dis- 
tance in the wall of the body, and then terminates in the perivis(;eral 
('avity, and the direction of the iiioiioii of the cilia wliich line it is 
from without inwards. 

The reproduction and developmental history of this Annelid 
present many points of great interest. The sexes appear to be 
distinct, ova. Ijeing found in some individuals and spermatozoa in 
others. The development of the ova conunenccs in certain ‘ germ- 
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cells ’ sitiiiited witliin tlie extremities of tlie pinnulated segiueiits. 
where they project iiiwai'ds from the wall of the body , tlie^e. Avlie^ 
set free, Roat in the Iluid of the perivisceral c^ivity and inultiplv 
themselves by self-division ; and it is only after their nuinlxa' has 
thus been considerably augmented tint they begin to increase in 
size and to assume tlie characteristic appearance of ova. lu tliis 
kage they usually fdl the perivisceral cavity, not only of tlie bo,Iy. 
but of its caudal extension, as shown at 0 ; and they escape from 
it through transverse hssures which form in the outer wall of tlie 
body at the third and fourtli segments. The male reproductive 
organs, on the other hand, arc limited to the caiulal prolongatiojr 
wliere the sperm-cells are developed within the pinnulated fippemi- 
a«-es, as the germ-cells of the female are within the appendages of 
the body. Instead of being set free, however, into the pein visceral 
cavity, they are retained within a. saccular envelope forming a lestis 
(A, a! a) vdiich fills up the wliole cavity of each appendage; ami 
within this the spermatozoa may be observed, when mature, in 
active movement. They make their escape externally by a passage 
that seems to communicate with the smaller of the two just men- 
tioned rosettes ; but they also appear to esciipe into the perivisceml 
cavity by an aperture that forms itself when the spermatozoa, arc 
mature.' Whether the ova are fertilised while yet within tlie boiiy 
of the female by the entrance of spermatozoa through the ciliiitol 
cainals or after they have made their- escape fi'om it, has not yef 
))een ascertained. Of tlic earliest stages of emhryoni(; developiiiem 
notliin^^ whatever is vet known ; but it has been ascertanicd that 
the anhnal passes through a larval form, which difiers from the 
adult not merely in the number of the segments of the liody (which 
succes.sively augment bv additions .at the posterior extremity) but 
also ill that of the antenmv. At G is r-epreseiited the earliest larva 
hitherto met with, enlarged as much as ten times m proportnm m 
the adult at B ; and liere we see that the head is destitute oi the 
frontal horns, but carries a pair of setigerous antenme, c, hehiirl 
which there are five pairs of bifid appendages, h c ' , e../, m the 
first of which. 6, mie of the pinnules is furnished with a sffic 
move advanced larvie Imving eight or ten segments this is >le^elol.^^ 
into a second pair of aiitenme resembling the first; and the 
in this stage has been described as a distinct species, i 
At a more advanced age, however, the second pair . tt 

enormous <levclopment shown at Jk and tlie first ^ ; 

disappear, the setigei-ous portions -'eneval wmH 

a), whilst the liasal projections arc absorbed W.if f,,, .0 miw'' 

of the body. This beautiful creature lias been uiicoinnioii. 

parts of our coast that it cannot be considered .t* ^ 

Lid the microscopist can scarcely have a more ^ 

stndv.^ Its elegant form, its crystal 
graceful movements render it attractive eieii to tie 

1 See the meiuoirs of the Author iiml M, -'^also'a nipuioir by Dr- 

TramadiiW^ and the authorities thei^ referred to, albi 

Vejdovskyiii Zcitsrhrift f. fioss- Bd. xxxi. 18 
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observer ; whilst it is of special interest to the morphologist as ojie 
of the simplest examples yet known of tlie Annelid type. 

To one phenomenon of the greatest interest presented hy various 
.suiall marine Annelids the attention of the ]nicTosco[)i.st should be 
specially directed ; this is their Unnhiosliif. whicli is not a steady 
trlow like that of the glow-worm or fire-Hy, but a series of vivid 
scintillations (strongly resembling those produced hy an electric 
discharge through a tube spotted with tinfoil), that pass along a 
(‘oiisiderablc number of segments, lasting for an instant uni}', but 
capable of being repeatedly excited Ijy any irritation applied to the 
body of the animal. These scintillations may bo discerned under 
the microscope, even in separate segments, when tlie\' are subjected 
to the irritation of a needle-point or a gentle pi'e.ssure ; and it has been 
ascertained by the careful observations of M. de Quatrefages that 
they are given out by the muscular fibres iu the act of contractiuiiA 
Amoimthe fresh- water Annelids those most interesting to the 
uiicroscopist are the worms of the tribe, which are common in 
our rivers and ponds, living ehieHy amidst the mud at the bottom, 
and especially among the roots of aquatic plants. Being Idood-red 
in colour, they give to tbe surface of the mud, when tliey protrude 
themselves from it in large numbers and keep the protruded portion 
of their bodies in constant undulation, a very peculiar appearance; 
Init if disturbed they withdraw themselves suddenly and completely. 
These worms, from the extreme transparency of their bodies, present 
petailiar haalities for microscopic examination, and especially for the 
study of the internal circulation of the red liquid coniiuonly con- 
sidered as blood. There are here no external respiratory organs, and 
tlie thinness of the general integULment appears to supply all needful 
facility for the aeration of the fluids. One large vasculavtrunk (dorsal) 
iiiav be seen lying above the inte.-'tiual canal, and anotlier (ventral) be- 
neath it, and each of these enters a contractile dilatation, or heart- 
like organ, situated just bcdiind the head. The fiuid move.s forwards 
in the dorsal trunk as far as the heart, which it entej’s and dilates ; 
and when this contracts it propels the iluid partly to the head and 
parti}’ to the ventr.al heart, which is distended by it. The ventral 
heart, contracting iu its turn, sends the blood l)ack\\ards along the 
ventral trunk to the tail, whence it passes towards the head a.s 
liefore. In this circulation the stream branches oft from each ot 
the principal trunks into luaiierous vessels proceeding to different 
[larts of the body, which then return into the other trunk ; and 
there is a peculiar .set of vascular coils, hanging down in the peri- 
\ isccral cavity that contains tlie corpnsculated liquid representing 
flic true blood, which seem specially destined to convey to it the 
aerating influence received by the re<l fluid in its circuit, tims 
acting (so to speak) like internal gills. The Naiad worms have 
been observ’-ed to undergo spontaneous division during the sinmimr 
months, a new head and its organs being formed for the posterior 
segment behind the line of constriction liefore its .separation from 


* See his memoirs on the Annelida of La 
/iOol. tom. xi-\. and ser. iii. Zool. tom. xiv. ; 
x.xxii. p. 478. 


Manche in .Luf. HH. -V<d. ser. ii. 
and Professor McIntosh iu Nature, 
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the anterior.^ In the Leech tribe the dental apparatus witli mIucIj 
the mouth is furnished is one of the most curious amony theii- 
points of minute structure, and the common ‘ medicinal ' leedi 
afloixls one of the most interesting examples of it. W Imt is 
commonly termed the ‘ bite ’ of the leech is really a .s;nv-cat, oi- 
I’ather a combination of three saw-cuts, radiating fiom a coiiunrjn 
centre. If the mouth of the leech he examined witli ji 
mamiifier, or even with the nahed eye, it will be seen to lie ,, 
triangular aperture in the midst of a sucking disc, and on tunnu^ 
back^the lips of that apei-tnre three little white ridges are lirougln 
into view. Each of these is the convex edge of a liorny seinkh-cle, 
strengthened by a deposit of (mhonate of lime which is ))ovdercrl l,y 
a row of eighty or ninety minute hard and sharp tcetli; whilst 
the straight border of the semiciicle is imbedded in the iinisciilni 
substance of the disc, by the action of whi(;h it is made to move 
backwards and forwards in a saw-like manner, so that the teeth are 
enabled to cut into the skin to which the suctorial disc 1ms affiseil 
itself.2 


1 See Professor A. G. Bourne, ‘On Biiadlng in the Oligoehietii,’ Be^oyt Brit. 

Assoc. 1885, p, 1096, _ , ^ , n , , 

- \moiig the various sources of information as to the anatomy aiicl pn\!>iolt>fry ol 
the Annelida the following may be specially mentioned : the ‘ Histoirc Naturdle dw 
Annclcs Marins et d’Eau douce ’ of M. de Quatie ages Ior.mng part of a 

Bvfon' the successive admirable monographs of the late Profj^sor Ed. Ckparedp, 
JlJkerkes Anntomiques snr hs Anu^.lides, Turbellarics, Opalum d L^gawm, 
observes dans hs Hebrides, Geneva, 1861 ; Eecherches Amdomiques sar les Ohijo- 

chdes Geneva, 1862 ; Bcuhar.Mungen iiher Anatomic und EntieickeUngsgrsfliiehtr 
wirhehoser Thiere an de.r Exist e vun Eonxiandie, Leipzig, 1868 ; and 
ChttoBodes du Golfe de EapJes, Geneva, 1868-/0 ; the monograph of Dr-Dilei^Jh? 
Borltenuiirmer {AnneUda Chedopoda], 1864-68. With the exception of Professor 
McIntosh’s article in the EnnjclopcexUa Bntanmca, and the various artic e. on 
forms’ in the Canihridge Eatiiral Histar,/, which can he warmly comineiKled to 
the student, most of the rient papers on Annelids hiiveylealt with small h 

hut of these a very large number has appeared. For the descriptions of new fouib 
the jiiomoirs of Grube McTntosli, and St- Joseph are especially to be eousalteih 
Hatschek, Kleinenherg, and Saleusky have written 

to our knowledge of development; Bonham, Bergh, Bourne, Eisi^, Mejei, rur , 
‘iid wSZ'n ha«. »mo.,g added to oor kaowledgo of the.r .taatom; 

morphology. 
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Passing to the division of Arthropods, in :vluc]i the body is 
furnished with distinctly in-ticiilated or jointed limbs, some of which 
;ire iihvays modified to serve as mouth-oi’gans, we come first to the 
class of Crustacea, which ordinarily includes (when used in its 
most comprehensive sense) all those animals Imlonging to this group 
which are fitted for aquatic* respimtioii, though the king-crab 
[Limulus) seems to have closer relations to the scoipions, an<l the 
Pycnogonids to the spidei'S. It thus comprehends n very extensive 
range of forms ; for althongh wc are accustomed to think of the crab, 
lobster, cray-fish, and other well-known species of the order Decajmla 
(ten-footed) as its typical examples, yet all these belong to the highest 
of its many orders ; and among the lower are many of a far siinpier 
siruciure, not a lew which would not be recugnise<l as belonging to 
the class at all were it not for the information given liy the 
study of their development as to their real nature, which is far more 
apparent in their early than it is in their adult condition. Many 
of the inferior kinds of Crustacea are so minute ami transpareut 
that their whole structure may lie made out l>y the aid of tlie 
microscope without any preparation ; this is the case, indeed, with 
nearly the whole group oi' EiitoitW8ir(ii:a, and witli the larval forms 
even of the crab, and its allies ; and we shall give our first atten- 
tion to these, afterwards noticing such points in the structure of the 
larger kinds as arc likely to be of general interest. 

A curious example of the redneliun of an elevated type to a 
^et■y simple form is pre.sented by the group of Pycrfoyoiuda, or no- 
body crabs, some of the members of which may be found liy atten- 
tive .search in almost every locality wdiere seaweeds abound, it 
being their habit to crawl (or rather to spraw 1) over the surfaces of 
these, and probably to imbibe as food the gelatinous substance witli 
which they arc invested.' The general form of their bodies (fig, 
no) usually reminds us of that of some of the long-lcggeil crabs, 
the abdomen being almost or altogether deficient, whilst the head is 
very .small, and liise<l (as it were) into the tlioiax ; so that the last- 
named region, with the members attached to it, constitutes nearly 
the whole bulk of the animal. The head is extended in front into 


’ It is remarkable tliat very large forms of this i^i'oui), sometimes extembii«f to 
Jiiorc than twehe inches across, have been brought up from great depths of the sea, 
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ji nroboscis-like projection, at the extremity of winch is the minow 
orifice of the mouth, wliicli draws in the semi-fluicl aliment. Tnstfoul 
of being furnished (as in the higher crushiceans) with t\TO |.ihisof 
antenna) and numerous pairs of ‘ foot-jaw.s, it has but a single fiiiii- 
of either ; it also bears four minute ocelli, or rudimentary eyes, set 
at a little distance from each other on a sort of tuberelo. Fioui 
the thorax proceed four pairs of legs, each composed of several joints, 
and terminated by a hooked claw ; and by these meinhers tlie 
animal drags itself shm ly along, instead of walking actively ujion 
them like a crab. The mouth leads to a very narrow fcsophagus 
(a), which passes back to the central stomach (6) situated in the 



Fio. 710.— VycnocjotiouUH-. (/, narrow a>soplia{'us : 
h, fitoniac'li; /•, intestine ; 'U c«ca of tiie fool-jawi^: 

(>’ <■, digestive t^eca nf the legs. 


of tho thonux, from tl.e hindei' eml of wl.icli 
tine (0 pa^^ses off. to teniiiiiate at tlie p.istenor exhem tx ol lit 
bo,lv From the rentral stomarl, five pairs of (aoe.fi ^ 

eadiate, one p.nr (<0 ™terin, the footria-, ^ 
peuetinting the legs, and passing along Ip.tJ.ide 

but cue ; and those extensions are covered .ila> • 
vellow granules, which are prol.iably to be regaudel | j| 

ghlml ^he stomach ami its ca^cal Folougaticns mjo 
executing perist..1tio movements of a very ouriom k J • 
oontract, and dilate with an ,1a 

refinx of tlieii- contents is oonst.mtlv *■'’'”7 1 ;,,,ivisoe,’al spit 
central portion and its rmhating extensions. ^ I 
hetxveen the widely extended stomach and the n .dls 
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limbs is occupied by a transparent liqiiifl, in which are seen lloatinj; 
a number of minute transparent corpuscles of irre^udai- size : and 
this lluidj which represents the blood, is ke]>t in continual motion, 
not only by the_ genm’al movements of the animal, but also by the 
actions of the digestive apparatus ; since, whenever the ca'cum of 
aiiv one of the legs undergoes dilatation, a part of the ciiriuvi- 
anibient liquid will be j)ressed out from the cavity of that limb, 
cither into the thorax or into some other limb whose stomach is 
contracting. The fluid must obbiin its aeration through tlie general 
surface of the body, as there arc nu special organs of respiration. 
The nervous system consists of a single ganglion in the lioad (formed 
bv the coalescence of a pair), and of another in the thorax (formed 
by the coalescence of four pairs), with Avliich the cephalic ganglion 
ij connected in the usual mode, namely, by two nervous coi-ds wliicli 
diverge from each other to embrace the (esophagus. In the study 
of the very curious phenomena exhil)ited by the digestive a]iparatns, 
Its well as of the various points of internal conformation wliich liave 
been descu’ibed, the achromatic condenser ^vill ])e found useful, even 
with the ]-incli, |-inch, or 1,-incli objectives; for tlie iiiq^erfect 
transparence of the bcxlies of these animals I'enders it of iiiqiortance 
to drive a large quantity of light tli rough them, ajul to give to this 
light kSucIi a quantity as shall sharply defliie the internal organsd 
Entomostraca. — This group of crustaceans, many of the existing 
members of which arc of such minute size as to be only just visible to 
the naked eye, is distinguished hy the tact that they never have more 
than three pairs of their appendages converted into moutli-ojgans, 
nor possess any appendage on such segments as may lie b(‘hind tlie 
generative orifices, Tlie segments into which the body is divided 
are frequently veiy numerous, and are for the most ])art similar to 
each other ; but there is a inm ked diflercnce in ri'gard to tlu' 
app(‘ndages which they bear, and to the Jiiode in wliich tlu‘se 
minister to the locomotion of the animals. For in what have been 
called the Lophyrojmla, or Mn-istly-footeir tribe, a small number of 
legs not exceeding five paii's ha\o tlieir function limited to locomotion, 
the respiratory organs being attached to the parts in the neighbonr- 
hnod of the mouth ; whilst in the Brandtiopoda. or ‘ gill- footed ’ t ribe, 
the members (known as ‘fin-feet’) ser\e botii tor locoinotiiui and for 
respiration, and the number of these is commonly large, b{‘ing in Aputi 
as many as sixty pairs. The character of their moviunents differs 
accordingly; for whilst all the members of the first-naim'd tribe dart 
tlu-ough the water inu succession ofjerks, so astohaveacipiii-ed thecom- 
iiion name of ‘water-fleas,’ those among the latter which ])o.ssessagreat 

Certain points of resemblance borne by Pijcaagonhla to sjiiders make tlie 
careful sludy of their development a matter of spceiul interest oinl iinporlfinoe, as 
tliore is some reason to regard them rather as .Imr/ouWa adapte*.! t<> a marine 
habitat than as Crustacea. See Balfour's (SoDipiD'ditic ]jp. -Its, -1411, 

and the authorities there referred to. The most recent additions tci the liU'rature 
of :he Fvenogonids are Dr, A. Dohrn's Die PunitqvHh’H flrn Guljh rou Arripef 
iS:c , Lcip/%, 18H1 ; Dr. P. P. C. Hoek's ‘ Rei^rt on tlie Pyeiiogouida of the Chft JInirjrr; 
ISyi, and his ‘ Nouvelle Etude sur les Pycnogunides,' in Airhietp de '/.ml. 
p. 445; and Professor G-. 0 . Siirs’s report in the Zy'objy// o/ (he iSurKvtjian \<nihSe.fi 

Drpedition. 
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number of ‘ fin-feet ’ swim with an easy gliding movement, soitit-tiijits 
on their back alone (as is the case with Brarvehipus) and sortu-tiijKv 
with equal facility on the back, belly, or sides (as is done by 
mlina, the ‘brine-shrimp’). Some of the most eonimon" f of 
both ti'ibes will now bo briefly noticed. 

The first group contains two oi'ders, of which the first, Ostr/ieo/k 
is distinguished by the complete inclosure of the body in a lhalvH 
shell, by the small number of legs, and by the absence of njicxtei-n ti 
egg-sao. One of the best known examples is the little Cypris, ukiHi 
is a common inhabitant of pools and streams ; this may be rcc<><:iiisf*il 
by its possession of two pairs of antenna?, the first having inuiierous 
joints with a pencil -like tuft of filaments, and projecting fovwant 
from the front of the head, whilst tlie second has more the shajje of 
legs, and is directed downwards, and by the limitation of its lei^s to 
two pairs, of which the posterior does not make its appearance oiitsi(b 
the shell, being bent upwards to give support to the ovaries, T]i(. 
valves are generally opened widely enough to allow the greater pni 
of both pfiirs of antenna? and of the front pair of legs to pas.? out 
between them ; but when the animals are alarmed, they draw these 
members within the shell, and close the valves firmly. Thev are 
very lively creatures, being almost constantly seen in motion, either 
swdmming by the united action of their foot-like antenme .‘ind leus, 
or walking upon plants and other solid bodies floating in the water. 
Nearly allied to tlie })reccding is Cpthere, whose, body is furnisheii 
with three pairs of legs, all ju-ojecting out of the shell, and wluw- 
superior antenuje are destitute of the filamentous brush ; thi.s genus 
is almost entirely marine, and some species of it may almost in- 
variably be met wdth in little jjools among the rocks betw’oen thr 
tide-marks, ciecping about (but not swimming) amongst Conferv;) 
and Corallines. There is abundant evidence of the former existeircr 
of Crustacea of larger siz;e tlian any now^ existing, for in certain 
freslnwater strata, both of the Secondary and Tertiary series, we (iiiii 
layer's, sometimes of great extent aird thickness, wliich ai'C ahiiost 
eirtirely composed of the fossilised sliells of Cijpri<ks\ whilst in 
eerbiiii parts of the chalk, which was a mariire deposit, the iviuaiirs 
of bivalve shells vcstmiblmg those of Cythere preserrt themselves 
in such abundance as to foi-irr a considerable part of its substance.* 

In tire order Copepodu there is a jointed shell foi'miirg a kiml 
of buckler or t^rrapace that almost entirely inedoses the head ami 
tlrorax, an opening being left beneath, through which the a] iptiidages 
project; and ther-e arc five pairs of legs, mostly adapted for swira 
ming, the fifth pair, however, being nrdiirrentary in the grnrus ( 

Die commonest example of the groiq.v This genus receives its name 
from possessing only a single eye, or rather a single chistei' of oce 1 ■ 
which character, however, it has in common with the two genei.i 
already named, as well as with Daphniu, and with many otiiei 
Entomostraca. It contains numerous species, some of which I'ploui; 


^ Oil the recent British Ostraeod.a see the monograph by G. S. Briidy 
of the Tranmctkms of the Litmeon Soriefy of London; cmuiuve ^ 

‘ Monographie der Ostracoden,’ Archiv fur Katurg.TiK. 16o4. 
the development of CUjpri^, Marburg, ls6S ; see also Dr. Brady s < Jot Icitp 
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to th© frtisli Wiitev, whilst othci’s are marine. The fresli-water 
species often abound in the muddiest and most stagnant pools, 
as well as in the clearest springs. Of the marine species .some 
are to be found in the localities in which the Cythere is most 
abundant, whilst others inhabit the open ocean, and must be col- 
lected by the tow- net. The body of the Cudops is soft and gela- 
tinous. and it is composed of two (listinct parts, a thorax (fig. 720 , a) 
and an abdomen (h), of which the latter, being com |)aratively slender, 
is commonly ('onsidered as a tail, though traversed by the intestine, 
which terminates neai- its 
extremity. The head, which 
coalesces witli the thorax, 
l)eiU‘s one very large pair 
of aiiteiinm (c), possessing 
numerous articulations and 
furnished mth bristly ap- 
pendages, and another small 
pair {d ) ; it is also furnished 
with a pilr of mandibles or 
true jaws and with two 
pairs of ' inaxillfo,’ of which 
the hinder pair is the longer 
and more abundantly sup- 
plied with bri.stles. The 
legs (e) are all Ijeset with 
})lninose tufts, as is also the 
tail (/’./) ^^■hich is borne at 
the extremity of the ab- 
domen. On either side of 
the abdomen of the female, 
there is often to he seen an 
egg -capsule (B) ; wuthin 
which , the ova, after be- 
ing fertilised, undergo the 
earlier' stages of their de- 
velopment, The Cydops is 
a very active creature, and 
strikes the water in swimming, not merely with its legs and tail 
but also with its aiitennfo. The rapidly repeated movements of its 
foot-jaws seiwe to create a whirlpool in the sun-oundi ng water^ by 
which minute animals of various kinds, and even its own young, are 
brought to its mouth to be devoured.’ 

The tri))e of Branchiopoda is divided also into two groups, of 
which the Cktdocera present the nearest approach to the preceding, 
haring a bivalve carapace, 110 more than from four to six pairs of 
legs, two pairs of antennfp, of wdiich one is large and branched and 
adapted for swimming, and a single eye. The commonest form of 

^ See for British forms Professor G . S, Brtiily’s Monograph of the /m; and 
>iemi~para.si(ic Copevoda of the Britif>h Islands, puhlishod by the Ra? bociety, 
1878-80, and Mr. I. C. Thompson’s accounts of tliose collected near the Isle of Man, 
[jublished hy the Livei'pool Biological So(;iety. 

3 Q 



Fro. 720. — A, female of CijcIopH quadricornis'. 
a, body; b, tail; c, antenna; d, antunnule ; e, 
feet ; /, phimnso setsr, of tail, B, tail, with 
external egg-saos. C, D, E, F, G, surcessive 
stages of development of young. 
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is the Daphnia pulex, which is sometimes calledthe ‘ arh iiescem 

water-flea/ from the branching form of its antennfe. ii is vevy 
abundant in many ponds and ditches, coming to tlie snvfu-.- iu the 
mornings and evenings and in cloudy weather, but seeking the 
depths of the water during the heat of the day. It swim^ hv 
takim^ short springs ; and feeds on minute paitioles of vegetal. le. sub. 
stances, but does not, however, reject animal matter wlien oUeml. 
Some of the peculiar phenomena of its reproduction willbe|ii eseiitly 

described. , • , 

The other gi'oup, Phjllopoda, includes those UranchiojKhlH ^^llose 
body is divided into a great number of segments, ueiirly al! of wliu-h 
are" furnished with leaflike appendages, or 'flu-feet.’ I'lie two 
families which this group includes, however, diller eonsi-levabiy in 
their conformation ; for in that of which the genera dyx/s ainl XekiVuO 
are representatives, the body is inclosed in a shell, either diiohl-like 
or bivalve, and the feet are generally very numerous; whilst iu that 
which contains Branchipiis and ArUmla, the body is entirely iin]))o- 
tected, and the number of pairs of feet iloes not exceed elcvcnu Th 
Apns cancriformis, which is an animal of comparatively huge size, its 
entire leimth being about 21, inches, is an inhabitant of stagnant 
waters; but although occasionally very abundant in particular jtcols. 
or <Utcbes, it is not to be met with nearly so commonly as the Ento- 
mostraca already noticed ; in this country, imleed, it is exceediiigly 
rare It is recognised by its large oval crarapacc, which covers tho 
head and bodv like a shield ; by the nearly cylindvical form of its 
body wdiich 'is com|X)sed of thirty articulations, and by tlie Inrge 
number of its appendages, Avhich amount to about sixty pairs. The 
number of joints in these is so great that in a single in.liMilual tlicy 
may be siifolv estimated at not less than tw-o million.^. These orguiw. 
however are for the most part small; and the instrmneuts cliiciiy 
used by the animal for locomotion are the first pair of feet, winch nt 
very much elongated (bearing siudi a reseinl dance to the principal 
antenme of other Entomostraca as to be commonly rankeii in the 
same li^ht), and are distinguished as rami or oars. itli these tiiei 
can swuu freely in any position ; but when the vami arc at rest, lud 
the animal floats idlv on the water, its fin -feet may be .<een in in- 
cessant motion, causing a sort of whirlpool in the water, ami briigni^ 
to the mouth the minute animals (chiefly 
inhabiting tliesame localities) that serve for its food. Ike 

has a slender, cylindrifbrm, and veiy ^ I 

nearly an inch iu length, furnished with eleven pairs of fm-lce , ^ 

is destitute of any i>rotccting envelope ; its head is 
pair of very curious prehensile organs, which are i cal , 
antenme, \viiencc it has received the name of ChcdrocepKO-^^ 

I Professor CkiiB Invs pointed out the 

r.f tht> Cni>iUioL'ti, and has su|;gesU‘d for tlu ^loui , ,, 

, See the Zeitsclir. fUr I 


higher divUinn of the Crusitu , av,. ^ , 

present the name of Leptastnira bee the OniiAhur 

Claus. Vntenui-JuHUjen znr hrforschnnj (In 


Claus, 0 infrsiic/totKjrn ^ n f o, u ^ (ler 

CrJ/sfarr'fn-iSys^en?.s, Wien, lyVh, as well as keber d irhu-viy 

und die systematische btelluiig dor Eq>tostriikcm, m 
(1880), pp. different view is taken b) Piolessoi 

Report on tlie CliaHnujcr Phyllocarida. 
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the.se are not, used by it for tlie seizure of prey, as the food of this 
animal is vegetable, but to elasp the female in tlie a(;t of copulation. 
The Brcmfh^^pus or Cheirocephcdus is certainly tlie most beautiful and 
eleirant of all the Entomostnica, being remlered extremely attractive 
ro "the vimv by ‘ the uninterrupted undulatory \viivy motion of its 
irraeeful branchial feet, slightly tingctl as (hey are witli a light red- 
dish hue, the brilliant mixture of trans])arent bluish-gi-eenaml bright 
red of its prehensile antenme, and its bright red tail with tlie beauti- 
ful pluinOsSe seUe springing from it/ Unfortunately, however, it is 
a \orV rare animal in this country. The Ai't^^mia or • lirine- 

sln-iinp,’ is an animal of very similar organisation, and almost 
e(pmlly beautiful in its appearance and movement.s, Iml of smaller 
size, its body being about half an inch in length. Its Hiabirat’ is 
very peculiar, for it is only found in the salt-pans or hrine-pits in 
which sea-^^'atel■ is undergoing concentration (asat L\’minglon) ; and 
ill these .situations it is sometimes so abundant as to communicate a 
red tinge to the licpiid. 

Some of the most interesting points in -the history of the Kiito- 
mosti'aca lie in the peculiar mode in which theii* genei a live function 
is jierformed, and in their tenacity of life when ile.hccihed, in which 
la.st respect they correspond with many Hotifer.s. By Ihi.s pro- 
vision they escape being completely exterminated, as they might 
otherwise soon be, by the drying up of tlie pools, ditches, ami other 
small collections of water which constitute their usual hahitais. 
AVe <lo not, of course, imply that the adult animals can hear a coa?- 
desiccation, although they will preserve their vitality in mud 
that holds the smallest quantity of moisture; but their cgg.s are 
more tenacious of life, and there is ample evidence tliat these will 
become fertile on being moistened, after lu-nung remained for a long 
time in the condition of fine dust. i\Iost Entomostraca, loo. are 
killed bv severe cold, and thus the whole race of adults pei’islies 
every wmter; but their eggs seem unaffected l)yt]ielnwe.stt(UMp(‘i‘a- 
tm(‘, and thus continue the species. whicJi would he otherwise ex 
terminated. Again, we frecpiently meet in this group with that 
reproduction which we have seen to lu-evail so extensively 
among the lower forms. In many species thero is a double 
mode of multiplication, the sexual and the non-sexual. The 
former takes place at certain seasons only, the males (which are 
ofTmi so different in conformation from tin* females that tliey would 
not be supposed to belong to the same sjiecies if lliey were not seen 
in actual congress) disappearing entirely at otlier times. The latter, 
on tlie other hand, continues at all periods of the year, so long as 
warmtli ami food are supplied, and is repeated many times so as to 
give origin to as many successive ‘ biwds. Fui'llic]’. a singh' act of 
impregnation may serve to fertilise, not merely the ova which are 
then matu!-e or nearly so, but all those subsequently iirCMluced liy 
tho same female, which ai'e dcpositetl at considiuablc intervals. In 
tlu'.se two modes the multiplication of these little crealui'cs is carried 
on with great rapidity, the young animal .speedily coming to maturity 
and beginning to propagate, so that, acconling to the comjiutation 
of Jurine. founded n]ion data ascertained by actual observation, a 
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single fertilised female of the common Cyclops qmMmvhk inav h 
the progenitor in one year of 4,442,189,120 yonngd ' ^ 

The eggs of some Entoinostraca are deposited freeh’ inrlu- « -ite’ 
or are carefully attached in clusters to aquatic plants; hul ilicv 
more frequently carried for some time by the parent in 
receptacles developed from the posterior part of the bodv niul ij 
many cases they are retained there until the young are jv-iulv to 
come forth, so tlmt these animals may be said to be 
In Duphitkitlm eggs are received into a large csrvity bet\\(-(>ii 
back of the animal ami its shell, and there the young undcri>-o almost 
theii' whole development, so as to come forth in a fovni nemlv 
resembling that of their parent. 8oon after their bii-th a moult or 
exuviation of the shell takes place, and the egg-coveriugs :ire 
off ^\ith it. Ill a vei-y shoi-t time afterwards anothei* brood of 
is seen in tiie caviliy and i.lie same process is repeated, tlie shell 

being again exuviated after the young have lieen brought to inntuvhv 

At certain times, however, the Daphnia may be seen with a dark 
opaque substance within the back of tlie shell, which has been called 
the ephippium, from its rc.scmblance to a saddle. This, when care- 
fully examined, is found to he of dense texture, and to be romjioscd 
of a mass of hexagonal cells; and it contains two oval l)odie.<, each 
consisting of an ovum co\'ered with a horny cfisiug, enveloped in a 
capsule wliich opens like a bivalve shell. From the observations of 
Sir J. Lubbock,^ it appears that the ephippimii is realb only an 
altered ixirtion of the carapace, its outer valve being a part of the 
oiiter layer of the epidermis, and its inner valve the correspondim: 
part of the inner layer. The development of the ephip})ial eggs lake^ 
place at the posterior part of the ovaries, and is acc-omiianied hv llie 
formation of a greenish-brown nias.s of granules; and from tlih 
situation the eggs pass into tlie receptacle formed by the new cara- 
])acc, where they become included between the two layers of the 
epliippiiim. Tins is ca.st off, in process of time, with the rest of the 
skin, from which, however, it soon becomes detached ; and it con- 
tinues to envelope the eggs, generally floating on the suilhce of 
the water until they are hatched with the returning ’warmlli ot 
spring. Thi.s curious provision obviously affords jirotection to 
the eggs which are to endure the severity of winter cold ; and an 
approach to it may be seen in the remarkable firmness of the 
envelopes of the ‘winter eggs’ of some Hotifera. TlteiV seems fi 
strong [irobability, from the obsei- vat ions of Sir J. Lubbock (ikw 
L ord Avebury), that the ‘epbippial’ eggs are true se.xual ]>roiliicts. 
since males are to be found at the time when the eplu])))ia arc de- 
veloped ; whilst it is certain that the ordinary eggs ciin be pro* limed 
non-sexually, and that the young which sju-ing from them ran luidfr 
}>ly the race in like manner. The young whicli are protiuced frimi 
the ephippial eggs seem to have the same power of continuing the 

I For an interesting account of the parthenogenetic dcvcloi)meiit of -bfP 
allies see the sixth of Von Siehold’s Btitriigr zur Fartln'iwgfitims Her 
(Leipzig, 1871). _ , . 5 

- ‘An account of the two Methods of Keproduction in Buiihnia, | 

Structure ot the Ephippium,' in Phil. Trans. 1857, p. 79. On the summer- 
Bapluda see Lebedinsky, Ziiol. Anzeig. xiv. p. 149, 
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race by non-sexual reproduction as the young developed under 
ordinary circumstances. 

In most Entomostraea the young at the time of their emersion 
from the egg differ considerably from tlie parent, es})ecially in having 
only the thoracic portion of the body as yet develo[ied, and in pos- 
sessin^y but a small number of locomotor appendages (see tig. 720 , 
C-G) ; the visual organs, too, are frequently wanting at first The 
process of development, liowever, ta.ke.s place with great rapidity, 
tlie animal at each siK*cc.ssive moult (which process is x ery commonly 
repeated at intei'vals of a day or two) presenting some new parts, 
and becoming more and more like its parent, which it very early 
resembles in its power of multiplication, the female laving egg.s 
before she has attained her own full size. Even when the Entomo- 
straca have attained their full growth, they continue to exuviate 
their shell at .short intervals during tlie whole of life : and this 
repeated moulting seems to prevent the animal from lieing iiijure<l, 
or its movements obstructed, by the overgrowth of parasitic animal- 
cules and confervie, weak ami sickly indixiduals being fre<pieiitly 
seen to be so covered with such parasites that their motion and life 
are soon arrested, apparently because tliey hwQ not strcngtli to cast 
off and renew their envelopes. Tlie process of devckquuent appear, s 
to depend in some degree upon the inHuence of lighi:. being la'tai’ded 
when the animals <are secluded from it ; but its rate is still more 
influem^ed by heat ; and this ap].ears also to be the chief agent that 
rcirulates the time which elapses between the moultings of the adult, 
tliese. in Daphua, taking place at intervals of two days in warm 
summer weather, wliilst several days iiiterx one Ixlwcen them wlum 
• the weather is colder. The cast shell carries witli it tlie sheaf hs not 
only of the limbs and plumes, but o( the most delicate hairs and 
set:e which are attached to them. If the animal have previously 
sustained the los.s of a limb, it is generally reneweil at tlie next moult, 
as in higlier Crustacea.' 

Foi'uiiiig part of the eiitomo-Stracous group is the tribe ol 
mctoi'ial Crustacea,- which for the most part livi^ as parasites upon 
the exterior of other animals (especially ffsh), whose juices they 
imbibe b\’ means of the peculiar proboscis-like organ whicli ffikes 
ill them the place of the jaws of other crustaceans; wliilst other 
appendages, representing the foot-jaws, are furnished with liooks, 
by which these parasites attach themselves to the animals from 
wtiose juices they derive their niitrinient. Many of the suctorial 
(h-iistacca bear a sti’ong resemblance, ercni in their adult condition, 
to other Entomostraea; but more commonly it is biffwecn tlie 
earlier forms of the two that the resemblance is tlie closest, 
must of the Snetoria lunlergoing such extraordinary changes in tlieir 


y For a systematic and detailed accouiiL of tins Jp’. 

tihtonj of the British Enlomohtraca, published by the Ray Soc. 
still be recommended. The numerous essays by Professor C lau 


iaird's yahiral 
ly ill 18411, must 
should also be 


■at is now generally recognised tbut these should bo pbired with the Coiirpoda, 
which, may be divided into the Eucopepoda and the Brauchumr, the inrnici ar 
divisible into the most of which are non-parasilic, ami have been 

already described under Coprpeda. aiifl tlie SiphunosU»»(iUt,of wliteli Unxm is an 
exaniple, 
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proo-rcss towards the adult condition that, if their complet.- 
wew alone attended to, they might be excluded from tls. ,la^^ 
alto^-etlier, as was (in fact) done by many earlier zoologists. ( if th, 
suctorial Crustacea vvhich form the group Bramhiiira inuy 1,, 
specially mentioned tlie Argidua foliacens, which attaches itself tu 
the surface of the bodies ol tresh-water fish, such as the stii-klcluich. 
and is coiumonlv hnown under the name of the ‘ fish-louse.' 'n,i^ 
animal has its body covered with a large firm oval shield, ivhidi 
does not extend, however, over the posterior part of the nh.lonien. 
The mouth is armed with a pair of styliform mandibles ; mnl on 
each side of the proboscis there is a large, short, cylmdiinil 
p'enda^e terminated by a curioim sort of snchiug-disiy with miothw 
pair of' longer jointed members, terminated by prehensile li„<>k,s. 
These two pairs of appemlage.s, which are probably to be considered 
as representing the foot-jaws, are followed by tour i^nrs of leg,, 
which like tho.se of the braiichiopods, are chieily adapted lor 
swimming - and the tail, also, is a kiml of swimnieret. This little 
animal can leave the fish upon which it feeds, and then swims freely in 
the water usually in a. straight line, hut freipieiitly and suddenly 
changing its direction, and sometimes turning over and over several 
times in succession. The stomach is remarkable for the large ceo.l 
prolongations which it sends out on either side immediately beiieiitli 
tlie sh^l - for the.se subdivide and ramify in siicli a manner that they 
■U'e di^ti'ilratcd iiliiiost as luinntaly as tlie cecal prolongatioiis of the 
stmiiacli of the Planwia (fig. 7 1 4). The pcopev alimentavy i-aiial, l.mv- 
ever is continued backwards from the central cavity <>1 the stoiniich, a- 
an inte.stinal tube, which terminates in an anal orifice at theextreiiatv 
of the ahdonicn. A far more remarkable departnre from t le y|« 
form of the class is shown in the Lermm, which is touiid attacW 
to the i^ills of fishes. This creature lias a long suctorial proboscis: 
a shoit thorax, to which is attached a single pair of legs, wlnriiimi 
at their extremities, where they bear a sucker ridncli lielps to .pw 
attacliment to the parasite : a large abdomen ; and a pair of peiiilcjit 
eu..-sacs. In its adult condition it buries its anterior portioii iii t c 
sSft tissue of the animal it infests, and appears to ' 

power of changing its place. But Ibo "-'y",* >^> 

from the eg‘n are as active us the young of Cgdopa (”©• '“•’ • ' 
which they'much re.senible ; and only attain 

series of metamorphoses, in which thev cas - o ,,0 i rotuiml 
member.s ami eves. It is curious that the ongmaUoim • 
with compni-atiVelv .flight change by tlie males, which uicreaK ^ 
little in size, and are .so unlike the females that ' "ies. 

the two to belong to tlie same family, much less to . ■) 

but for the study of their development. is not 

From the parasitic suctorial C rustacea tl 

1 As the J^rour of suctorial Crustacea is 
naturalist than to the amateur ,oeh of Ins readers as lajf 

.uitahle to the present work ; and tlie Author V ' refevrod to. bi 

desire to study it to the excellent Claus slnmld by aU weain 

published several interesting papers. 
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reiillv so Jibrupt as it might at first siglit appear to the group of 
(yifripedia, consisting of the harmdes and tlieir allies ; for these, 
like many of the Suctoria^ are fixed to one spot during the a<lidt 
portion of their lives, l)ut come into the world in a condition that 
hears a strong resenihknce to the early state of many other 
Crusmeea. The departure from the ordinary ernstaeeau type in 
the adults is, in fact, so great that it is not suiprising that zdolo- 
(rists in general should have I’anked them in a distinct class, their 
superficial resemblance to the Mollusca, indeed, having causcfl most 
svsteiiiatists to place them in that series, until <lue weight was 
triven to those structural features which mark their ‘articulated’ 
chameter. AVe must limit ourselves, in our notice of this group, 
to that very remarkable part of their history, the microscopic 
study of which has contributed most essentially to the elucidation 



Fio. 7‘21.— 'Development of Bahuiufi Jtalam'uip’. A, earliest 
form ; B, larva after seeond moult ; C, side view of the same ; 
D, stage immediately preceding tire loss of aetinty; fl, 
stomach (?) ; t, nucleus of future attachment *. 


ot their real nature. The observations of -'Ir, J. V. Tlioiiipson,' with 
the e.xtensions and rectifications which they liave subsequently 
received from others (especially Mr. fepence Kate- and ^ 11 . ai- 
win3), show that there is no essential difference botweeu the early 
forms of the sesslh Oirripeds {Bdanidcp or ‘acorn-shells ) ami ot the 
imhmcidated {Lp.pmlld(f> or ‘ bai'nacles^) ; for both are active little 
animjd.s {fig. 721. A), imsessing three pairs of legs and a pair ot 
compound eves, and having the body covered with an expamled 
carapace, like that of many entomostracon.s crustaceans, so as in no 


^ ZoohgUed Researchea^ Mo. IV. 1830, and IS.!.), p. 3.)->. 

* ‘On the Development of the Cirripedia’ m Ami. Aut. 

' '^Monograph of the Sub-Class Cirripedia, published by the Ray Society. 
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essential particular to differ from the larva of Cyclops ; 

After going through a series of metamorphoses, one stage .1 mIiicI, 
is represented in fig. 721, B, 0, these larvae come to presem , form. 
D, which reminds us strongly of that of Daphnia, the IhkIv Ijeiug 
inclosed in a shell composed of two valves, which are unili il along 
the hack, whilst they are free along their lower margin, \yi„.iL* thev 
separate for the protrusion of a large and strong antpiioi of 
prehensile limbs, provi<led with an adhesive sucker and lutoks. am] 
of six pairs of )K)sterior legs adapted for swinnniiig. Xlii.s liivalve 
shell, with the members of both kinds, is subsequently tho.wn ofl*; 
the animal then attaches itself by its head, a portion ot \\ hidi. in 
the barnacle, becomes excessively elongated into the ’ pediiiK/le’ of 
attachment, whilst in Balamis it expands into a liroml disc of 
adhesion ; the first thoracic* segment sends backwards a prolongation 
which arches over the rest of the body, so jis completely to inclose 
it, and of which the exterior layer is consolidated into tlie iuulti- 
vah-e ’ shell ; whilst from the other thoracic segments are evolved 
the six pairs of cirri, from whose peculiar character the name of 
the group is derived. Tliese are long, slender, liiany-joiiitcd, tendril- 
like appendages, fringed with delicate filaments cuvoi-cd with 
cilia, whoso action serves botli to bi'ing fixxl to the mouth ami to 
maintain aerating currents in the water. The halnni are pecnliiirlv 
interesting objects in tlie aquarium on account of the pumping 
action of their' beautiful feathery appendages, which may he watclid 
through a tank microscope ; and their cast skins, often collected hy 
the tow -net, are w ell worth mounting.' 

Malacostraca. The chief points of interest to tlie inicroseopk 
in the more highly organised fonns of Crustacea are tiirnished hy 
the structure of the exoskeleton, ami by the phenomena nf mta- 
hiwpJiOBis, Ixith u hich may be best studied in the commonest kdmb. 
The exoskeleton of the Dreapods in its most comt>lete form consists 
of three strata, viz. 1, a horny struct ureles.s layer covering the 
exterior; 2, an aveolated stratum ; ami a laminated tubular sul) 
stance. Tlie iniierniost and even tlie inidiUc layers, lam ever, mu\ he 
altogether wanting : thus, in tlie lai'val forms knou n rhylhsmuik 
or ‘ glas.s-crab.s.’ tlie envelope is formed by the transparent liorm 
laver alone ; and in many of tlie small cralis helongingtotlie genus /o/- 
tilnus the whole substance of the carapace beueatb the horiiv invest- 
ment presmits the areolate<l structure. It is in Bie large tluck-shellcd 
crab.s that we find the three layers most difierentiated. 111 .'' ni 
the common Cancer paynruB we may easily sepiuate the 
le.ss horny covering aCier a short inaeeratiou in dilute ’ J, 
areolated layer, in vvliieh the pigmentary matter of a . 
parts of the shell is cliietiy contained, may be easily noiigi 
view by grinding away from the iifuer side as fiat a luece 
selectell, liaving first cemented the outer surface to ^ L | 
ami bv examining this witli a nmgnitying power 0 -•) * ' , 
ilriving a strong liglit through it with tlie achioma u <'» 

^ Vuluiible rktails ns to the structure of tliis grouii will (vji,pare. aho, 

Hoek's reiKn-t cm the Cimpeds cotlccterl by H.M.S. ih<dh,niu. Om 
M. Nussbaum, Anaiomische Sttidioi, Bonn, 1S90. 
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whilst the tubular structure of the thick inner Inver may be readily 
demonstrated by means of sections parallel and perjiendumlar to its 
surface. This structure, vvhich resembles that of (Urdim^ «\ve that 
flic tubuli do not branch, but remain of the Siune size through their 
whole course, may be particularly well seen in the black extremity 
of the claw, which (apparently from some peculiai-ity in the mole- 
cular arrangement of its mineral particles) is much denser than the 
rest of the shell, the former having almost the senii-transptrence 
of ivory, whilst the latter ha.s a chalky opacity. In a tian.sverse 
section of the claw the tubuli may be seen to radiate from the central 
cavity towards the surface, so as very strongly to I’eseinble their 
arrangement in a tooth ; and the resemblance is still further increased 
bv the presence, at tolerably regular intervals, of minute sinuosities 
corresponding with the laminations of the shell, which seem, like 
the ‘ secondary curvatures ’ of the dentinal tnlmli, to iiidicate suc- 
cessive sbiges in the calcihcation of the auim.-d hisis. In thin 
sections of the areolated layer it may be seen that the apparent 
walls of the areola' are merely translucent spaces from which tlie 
tubuli are absent, their orifices being abundant in tlie intervening 
s[)a('es.^ I’he tubular layer rises up throiiglj the jugmentary layer 
of the crab’s shell in little papillary elevations, wliieli seem I 0 l>e 
concretioiiavy nodule.s; and it is from the deficiency of the {)ig- 
meiitarv layer at these parts that the coloured portion of the shell 
derives its minutely S 2 )eekled appeiU'ance, 3Iany depart \ircs from 
this type are presented by the <liffei'ent species of decajiods ; thus 
in the prawns there are large stellate })igment-sjajts resemhling 
tho.se of frogs, the colours of wliich are often in remiirkahle con- 
formity witli those of tlie bottom of tlie rock“[iools frequented by 
these {T(‘atures ; whilst in the shrimp.s there is seldom any distinct 
trace of the areolated layer, and the calcareous portion of the skele- 
ton is disposed in the form of concentric rings, which seem to 1 h' the 
result of the concretionary aggregation of the calcifying deposit 
It, is a verv (Uirions circumstance that a strongly inarke<l dif- 
ference exists between crustaceans that are olherv\ise veiy closely 
allied in regard to the- degi'cc of change to which tlieir young :u'e 
subject in their ]>rog]‘e.ss towards the a<lult condition. For, whilst 
tlie common crab, lobster, .spiny lobstci', pra\Mi. and sltriiu]* 
undergo a regular metamorpliosis, the young of the cinyfisli an<l 
some laml-crabs eome forth from the egg in a form wlu'ch cori’c- 
sponds in all essential particulars witli that of their ])arent.s. 
fieiierally speaking, a strong resemblance exists .among the young 
of all the species of decapods which undergo a metamorphosis, ^^■hethe^ 
they are afterwards to belong to the mncniroa.s (long tailed) or to 
tlie (sliort-tailed) division of the group; and tlie forms 

- The Author is now quite satisfied o£ the eorreetness of th.' iiiteipretiition i^uthy 
Professor Huxley (see his article, ‘ Te^uiiKditarv Organs/ in llie ('iji lvp. .-Inrit. ciHfl 
P/c-'s. voh Y. in 187), ami hy Professor W, C. Williainsoii ( ' On some HistojoKical 
Features in the Shells of Crustacea ’ in Quart. Jvurn. J/uvosr. .Sri. vol. yiii. 1%0, 
p. f!Hj upon the appearances which he formerly desrrihed iHcport Bniiah AsdO- 
ri(tti<m for 1847, p. 1-2H) as iiidiealiui,^ a celltikr structure in this layer, 

- Consult Braun, ‘Ueber die histohgiselien Vori;an<re bei der Hiintung von 
Aistacvs piviatdis,' Arbeit. ZUol Ind. Wurzbtmj, ii. p. 121. 
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of these larvjc are so peculiar, and so entirely different frei.i /uiyof 
those into which they are ultimately to be deyeloped, that th y ^veJ,g 
considered as belonging to a distinct genus, Zoea^ until t],. i]- i-eal 
nature was hi’st ascertained by Mr. J. • ihompson, ihn>. in j-ijg 
earliest state of Cardnm incEiias (small edible crab), we see ! head 
and thorax, whidi form the principal bulk of the body, intluded 
within a large carapace or shield (fig. 722, A) furnished with a lo^g 
projecting s[)iue, beneath which the fiu-feet are put forth ; ^Yililst 
the abdominal segments, iiaiTOwed and prolonged, carry at the Mil 
a flattened bvil-fin, by the strokes of which iqK>n the wat<^r tiu? pro- 
pulsion of the animal is chiefly effected. Its condition is hence 
coiripaiublc, in almost all essential particulars, to that of Cijdops, 
In the case of the lobster, prawn, and other ‘ macrurous ’ species, 
the metamorphosis chiefly consists in the sepuiation of the loco- 
motor and respiratory organs, true legs being deyeloped from the 
tlioracic segments for^the former, ami true gills (concealed witliin a 
special chamber formed by an extension of the carapace beneatli the 



722.-Metamorphobi3 of Carciiuis micuftn '. A, first or Zoea 
; Bj second or Megalopti ; C, third Hta^e, in winch 

it begins to assume the adult form ; D, perfect form. 


bodvl for the latter ; rvliile the ab.loiniiial segments increase in size 
anil become furnishefl with appendages (false feet) of their 
the eralis or ‘ brachyurous ’ speedes. on the other hand, the altue 
tion is niueh greater ; for, besides the change first noticed n. the 
thoracie members and respiratory organs the thora.-ic region heoiii. s 
much more developed at the expense of the abdominal, as s,ei i 
B in which stage the larva is remarkable for the " 

eves and hence received the name of ihxjuhpa, when it .. 
Sitod to be a distinct type. In the ne.xt stage, C, we to 
ahilominal iiiii-tion reduced to an almo.st riidiinentary | 

bent under the body ; the thoracic limbs are ^ ,, 

for walking, save tlie first pair, winch are f Ji,,,.,,;,,, 

pincers; and the little creature on irely loses ti e . t ■ 
habits which it originally possessed, and takes on the mode 

peculiar to the adult.* , • Uimild he used fo^’ 

In collecting minute Crustacea the ring-net . 

I On tlw metamorphoses of Crostscen, “'d Cirripwlm, see ^ 

.uchmiei. uhr ttoihooeea of Professor Ckns, Vie.m^ 
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the fresh- water species, and tlic tow-net for the marine. In locidit ios 
tavourable for the latter tlie same ' gathering ’ will often eoiitain 
(multitudes of various species of Entoiiiostraca, accomiianied perhaps 
1 a- tiie krva} of higher Crustacea, echiiioderm larvjo, annelid larv:e, 
and the smaller Medmct^, The water containing these sliouM be put 
into a large glass jar, freely exposed to the light; and, after a little 
practice, the eye will become so far habituated to the general appear- 
ance and modes of movement of these different forms of animal life 
as to be able to distinguish them one from the other. In selecting 
any specimen for microscopic exiunination the dipping-tube wall be 
found invaluable, Tiie collector will frequently hud Mei/alopa larvje, 
recognisable by the brightness of their two lilack eye-spots, on tlie sur- 
face of floating leaves of Zosiera. The study of the iiK^tamorphasis 
will he best prosecuted, however, by obtaining the fertilised eggs, 
which are carried about by the females, and watching the history of 
tlieir products. For preserving specimens, whether of Entomostraca. 
or of larva^ of the higher Crustacea, the Author would vecoumiend 
sterilised glyc.erin-jelly as the best medium.- 

inkrcstiiig facts and speculations on the Cunstacea will be found in F.iliillcr’si’Vjcts 
and Argumenti? for Dartrm iT.ondon, 1 S(j 9). The work of Reichenbaeh on the 
Dcvclop'iiieiit of the Crayfish is contained in vol. xxix, of the Xeitschr.f. iviss.ZiioI. 
p. 123, 1877, and vol. xiv. of tlie Abhandl. Senckenberg. yaturf. GescUs. 1886. See 
also the essay, by W. K. Brooks, On the Development of Liu iferfui Phil. Tram. 
1882, p, 57. P. H. Herrick’s memoir on tlie American Lobster \Bnll. ( '.X. Fish. 
Comm. .XV. 11895] .! contains matter of much interest, Professor Sars’s fully illustrated 
inonograpli of the Crustaccn of Norway is being steadily and rapidly published. 
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CHAPTEK XXI 

IXSKCTS AND AJiACHXIDA 

There is no doss in the wliole oniinnl kingdom whidi affords to llie 
microscopist sndi a wonderful variety of interesting objects, and 
such facilities for obtaining an almost endless succession of novelties, 
as that of insects. For in the 6rst place, the number of different 
kinds that may be brought together (at tlie projier time) with ex- 
treinely little trouble far surpas.se.s that Avhicli any other group of 
animals can sujijdy to the most })ainstaking collector; then, again, 
eiich specimen will afford to him wlio knows how to employ his 
iiiateiials a considerable number of microsco])i(; objects of very 
different kinds ; and tiili'dly, althongli some of these objects require 
muck care and dextei'Ity in their preparation, a large proportion 
may be got out. examined, and mounted with very little skill or 
trouble. Take, for example, the common house-fly ; its ei/es may 
be ea.silv mounted, one as a transparent, the other as an opaque 
object; its anteirna\ although not such beautiful olqccts as those of 
many other Pipteva. are still well worth examination ; its tofujm or 
‘proboscis’ is a peculiarly interesting oYqeet, though requiring souie 
care in its preparation; its which may he easily cut out 

from the sides of its body, have a very curious structure; Its 
alimentary canal affords a very good example of tbe minute distri- 
bution of the bYfc/nac: its h'iikj, examineil in a living spedmeii 
newly come forth from tlie pupa state, exhibits the circulation of 
the blood in tbe * nervures,’ and when dead shows a most hoiiutitul 
play of iiidescent coloui's, ami a remarkable areolation of suviace. 
when examined by light reflected from its svtrface at a particular 
angle; its foot has a \ ei'y jieculiar conformation, which is doubtless 
connected with its singular power of walking over smooth suitaces 
in direct o}>positiou to the forc'e of grav'ity, while the structure 
(md pliysiology of its apparatus, wilh tlie history of itsil(‘\ elup 
.ment and metamorphoses, would of itself suflice to (K-ciipy the wliolc 
time of an observer wlm slioiild ilesire thoroughly to work it oii(. net 
only for months, but for years. ^ Hence, in ti*eating ofthis depart meat 
in such a work as the present, the A iitho3‘ labours under the ciutumo' 
(ks richesses ; for, to enter into such a description of tlic parts td tlie 
structure of insects most interesting to the microscopist as shouid 

' ftee'A’c. o\\ The AnuUuinj oml F1 ojsIii1ihi!| qi da 

Eleu - j\ y , \yri^ \ seerjusY efuhwx \m- Y . 
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be at all comparable in fxilness with tlie accounts which it has been 
thought desirable to give of otlier classes would swell out the 
^'olunle to an inconvenient bulk ; and no (‘oiirse seems open but to 
limit the treatment of the subject to a notice of the hinds of 
objects which ai-e likely to pi ove most generally interesting^, with a 
few illustrations tlmt may serve to make the descriptions more clear, 
and with an eimineration of some of the sources wlience a variety 
of specimens of each class may be most readily obtained. And this 
limitation is 'the less to be regretted, since there already exist in 
our language numerous elementary treatises on entomology, wherein 
the general structure of insects isi fully explained, and the" con forma- 
tion of their minute parts as seen with the microscope is adequately 
illustrated.^ 

A considerable number of the smaller insects — especially those 
belonging to the orders ColsopUra (beetles), Xeuroptpra (dragon-fly, 
May-fly, ttc.), Ifpmenoptera (bee, wasp,i:c.), and Diptem (two-winged 
flies) — may be mounted entire as opaque objects for low magnifying 
powers, care being taken to spread out their leg’s, u iugs, etc,, .so as 
adequately to dis|>lay them, which may be-accoinpli-shed, even after 
they have dried in other positions, by softening them by steeping 
tlicm in hot water, or, where this is objectionable, l>y expo,sing 
them to steam. Directions on tlii,s point, applicalfle to small and 
large insects alike, may be found in varions text-books of ento- 
mology. There are some, liowever, wlio.se traiisl licence allows them 
to be viewed as transparent objects, and these are either to 
be mounted in Canada balsam or in Dean’s medium, glycerin 
jelly, or Farrants gum, according to the degree in whicli the horny 
opacity of their integument requires the assistance of the balsam to 
facilitate the traiisinis.sion of liglit tlirougli it, or the softness and ' 
delicacy of their textures render an aqueous medium more desirable. 
Thus an ordinary or bitg will best be mounted in balsiim; but 
the various para, sites of the loi'se kind, with some or other of which 
almost every kind of animal i.s affected, sliould be set up in some of 
the ‘ media.’ Some of the aquatic larvie of the Diptcra and Xeuro- 
ptera, which are so transparent that their whole internal org:irii.sa- ' 
tion can be made out without dissection, are very beautiful and 
interesting objects when examined in the living state, especially 
because they allow the circulation of the blocxl and the action of the 
dorsal vessel to be discerned. Among these there is none prefer- 
able to the larva of the Ephemera maryinata (day-fly), which is dis- 
tinguished by the t^ssession of a numl)er of l>eautiful appendages 
on its l.)ody and tail, and is, moreo\er. an extremely common 
inhabit^nit of our ponds and streams. This insect pas.ses two or 
even tliree years in its larval state, and during this time it 
repeatedly throws off its skin ; the cast skin, when perfect, is an 
object of extreme beauty, since, a.s it formed a complete sheath to 
the various appendages of the body and tail, it contimies to exhibit 
their outlines with the \itmost delicacy: and by keeping these larva?. 

^ An ext'elU'iit introduction to the study of insects will be found in TJis Sfciirture 
and Li/e- or 1 / of thp Cockroach, by L. C. MiuU and A. Denny (London, 188fi). 
'ifiee adbo Dt. T), %\uxTp \n tbe C(iniljri.(Iyn Xaf urnl History. 
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in an aquarium, and by mounting the entire series of their ,:ist 
skins, a record is preserved of the successive changes they un,]. r^o. 
Much care is necessiiry, however, to extend them upon slides in {• )n. 
sequence of their extreme fragility ; and the best plan is to |il;icp 
the slip of glass under the skin Avhilst it is floating on water, aii ] to 
lift the object out upon the slide. Thin sections of insects, cater, 
pillars, etc., which bring the internal parts into view in their noimal 
relations, inav be cut with the microtome by first soaking th(^ l.odv 
(as .sugge.ste(f by Dr. Halifax) in thick gum -mucilage, wliich p:i,sses 
into itTsuhstance, and gi\e.s support to its tissues, and then indos- 
ino- it in a casing of melted paraffin made to fit the cavity of tlie 
sectioji-instruinenfc. 

Structure of the Integument —In treatingoftliese .separate ]):n t.s 
of the organisation of insects wliich fnrnisli the most interesting 
objects of microscopic study we may most appropriately commence 
with their integument and its appendages (scales, hairs, itc.). The 
body and members are closely invested by a hardened skin, whith 
acts as their skeleton, and affords points of attachment to the muscles 
by which flieir several parts are moved, being soft and flexible, how - 
ever, at the joints. This skin is usually more or less liorny in its 
texture, and is c.onsolidated by the animal suhsffincc termed chithif. 
as well as in some cases by a .small quantity of inineial matter. It 
is in the Coleoptera that it attains its gresitest development, the 
‘ dcrmo-skeleton ' of many beetles being so fii'm as not only to coiifet' 
upon tliem an extraordinary power of passive resistance, but also to 
enable them to put forth enormous force by the action of the power- 
ful muscles which are attached to it. The outer layer of thisdernio- 
skeleton is eontiniious, the cells which secrete it lying beneath the 
* parallel lamina) of which it is made up; on tlie surface the cliitinon.- 
cuticle may be seen to be marked out into a number of }K)iygontd 
(usually hexagonal) areas which correspond to the subjacent secret- 
ing cclis. Of this we have a a ery good oxamjde in the sif])€rftci*d 
layers (fig. 737. D) of the thin horny lamelhe or blades which 
constitute the terminal portion of tlie antenna of the cockchafer, 
this layer being easily distingui.shed from the intermediate portion 
(A) of the lamina by careful focus-sing. In many beetles the hexa- 
gonal areolation of the surface is di.stinguish.ahle when the light is 
reflected from it at ii paiticular angle, even when not <liscernil.)le in 
ti-anspavent sections. The integumeitt of the common red <titl 
exhibits the hexagonal cellular arrangement very distinctly tliroiigh- 
out; and tlie broad flat expansion of the leg of the f'rahro (‘ sand- 
wasp’) affords another beautiful example of a di.stiiictly cellular 
ari'angement of the outer layer of the integument . The inner layer, 
however, which coastiiaites the principal part of the thickness of the 
horny Rising of the beetle tribe, seldom exhibits any distinct organi- 
sation, though it may be usually separated into several lamellje. 
which are sometimes traversed by tubes that pa.ss into them from 
the inner surface, and extend towards the o\iter willumt reach- 
ing it. 

Tegumentary Appendages —The surffice of Ihe insects is often 
beset, and is sometimes completely covered, with appeuchtges Inn ing 
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either the form of broful flat scales or that of haii-s more or les!< 
approaching the cylindrical shape, or some form intermediate be- 
tween the two. The scaly investment is most complete among the 
Lepidopt^'^ (butterfly and moth tribe), the distinguishing cliaracter 
uf the insects of this order being derived from the presence of a 
vegular layer of scales upon each side of theii' large membranous 
wings. It is to the peculiar coloration of the sc'ales that the various 
iiues and figures are due, b}' wiiicdi these wings are so commonly 
distinguisbetl, all the sailes on one patt-h (for example) being green, 
those of another red, and so on \ for the subjatient membrane 
remains perfectly transpsirent and colourless when tiie scales have 
been bruslied off from its surface. Each scale seems to be composed 
of two or more membranous lamelhe, often with an iutervening 
deposit of pigment, on which, especially in Lepid(iptera, their colour 
depends. Certain scales, however, especially in the beetle tribe 
have a metallic lirstre, and exhibit brilliant colours that vary with 
the mode in which the light glances from them ; and this ‘ irides- 
cence,’ which is specially noteworthy in the scale.s of the Cnmdm 
imperialis (* diamond beetle ’), seem.s to be a purely optical effect, 
depending either (like the prismatic hues of a soap-1 mbhle) on the 
extreme thinness of the membranous lamellae, or (like those of 
* mother-of-pearl ’) on a lineation of surface produced by tlieir corru- 
gation. Each scale is furni,shcd at one end with a sort of handle or 
< pedicle’ (figs, 72/1, 724), by which it is fitted into a minute socket 
attaclied to the surface of the insect ; and on the wings of Lepido 
ptera. these sockets are .so arranged that the scales lie in very regular 
rows, each row overlapping a portion of the next, so as to give to 
their sui'face, when sufficiently magnified, very mueli tlie appearance 
of being tiled like the roof of a house, ^ncli an arrangement is sai<l 
to be ‘ imbricated.’ The forms of these scales are often verytaivious, 
and frequently difier a goo<l deal on the .several ])arts of the wings 
and of the body of the .same individu.al, being iisnally more expanded 
on the former and narrower and more haiiiikc on the latter. A 
peculiar type of scale, which lias been ilistinguished by the designa- 
tion plumule, is met with among the rkridm, one of the principal 
families of the diurnal Lepidoptera, The ‘^plumules’ ai-e not flat, 
but cylindrical or bellow.s-.sh.-qied, and are hollow : they are attached 
to the wing by a bulb at tlie end of a thin elastic [led uncle that 
differs in length in different species, and proceeds fi’Din the broader, 
not from the narrower end of the scale ; whilst the free extremity 
usually tapers oft’ and ends in a kind of brii.'^h. though sometimes it 
is broad and has its edge fringed with minute filaments. These 
‘plumules,’ which are peculiar to the males, are found on the upper 
surface of the wings, partly between and partly under the ordinary 
scales. They seem to be represented among the Lifdvnkke by the 
‘ battledore’ scale.s to be pre.senlly described,^ 

The peculiar markings exhibited by many of ihe scales very early 
attracted the attention of opticians engaged in the apjdjeation of 

^ See Mr. Watson's iiie]iiuirs ' On the Srales of Battledore Butterflies,' in Muntldy 
2iicrofiCoincal Journal, ii, p]>, 73, 314. 
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achromatism to the microstiope; for, as the clearness and strengtl) 
with which they could be shown were found to depend on tlir 
degree to which the angular aperture of an objective could be opeiie. ' 
without sacrilice of perfect correction for spherical and chroma! ii 
aberration, such scales proved very serviceable as 'tests.’ Tla 
Author can well remember the time when those of the Morpho 
Idus (fig. 723), tlie ordinary and ‘battledore’ scales of the Pohjom 
mains Ar(jns(^gs. 724, 725), and the scales of the Lepisma saccharin >1 
(fig. 72(5), which are nowr only u,sed for testing objects of Ion: 01 
medimn pow’er, were the recognised tests for objects of hi^h po^vei- ; 
while the exhibition of alternating light and dark bands on ;] 
Podwra scale was regarded as a first-rate performance. It is easy 
for anyone possessed of a good apochromatic objective of 6 nmi. 
inch) to obtain all the characteristic features of the scale ; hut 
^ the determination of the methofl of 



Fi(i. 723.— Scale of Movidto 
Mendaus. 


construction of the scale and the proper 
interpretation of the ‘ markings ’ is a 
matter that the wise mici oscopist w ill 
prefer to relegate to the days when the 
apertures of our best present lenses w ill 
be looked upon compai-atively as we now- 
look upon the eailiest achromatic ob- 
jectives. No one can give a fairly 
comprehensive and satisfactoiy sugges- 
tion of the true nature of the Podv.ra 
scale, and yet on no one object ha,s 
microscopy lavislied so much labour for 
so man}" years. 

The easier test scales are furnislied 
by the Lepidoptera (hutterllies and 
moths), an(l among the most beautiful 
of these, both foi- colour and for regu- 
larity of marking, are those of the 
Morpho Memelmis (fig. 7 23). These me 
of a rich blue tint, anrl exhibit strong 


longitudinal .striay which seem due to 
ribbed elevations of one of the superficial layers. There i.s also an 
appejrrance of transverse striation, which cannot he seen at all w'ith 
an inferior nhje(‘ti\ e, Init becomes very <lecided with a good objective 
of medium focus; and this is found, when submitted to the test of a 
high power and good illumination, to depend upon the ])resence of 
transverse thickenings or corrugations (fig. 723), probably on the in- 
ternal surface of one of the membranes. The large scales of the Pohj- 
omniatns Argus ('azure blue’ butterfly) resemble those of the Menehius 
in form anti structure, but are more delicately marked (fig. 7*24). 
Their ribs are more nearly paiallel than those of the Menelans scale, 
and do not show the same transverse striation. When one of these 


scales lies partly over another, the effect of the optical intersection 
of the two sets of ribs at an oblique angle is to produce a set of 
interrupted striations (6), very much resembling those of the Podum 
scale. The same butterfly furnishes smaller scales, which are com- 
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in only termed the ‘ battledore ' scales, from their resemblance in 
fonii to that object (fig. These scales, which occur in the 

iriiUes of several genera of the fiimily Lt/ciemdee, and present a 
considerable ^'aricty of shaped are marked by narrow longitudinal 
ribbings, which at intervals seem to expand into rounded or oval 
elevations that give to the scales a dotted appearance (fig. 72o) ; at 
the lower pai't of the scale, liowever, tliese dots are wanting. 
Dr, Anthony describes and figures them ns elevated iHjdies, sonie- 
M^hat resembling dumb-bells or sliirt-stiuls, ranged along the ribs, 
and standing out from the general snrfime.® Otlier good observers, 
liowever, whilst recognising the stud-like bodies described by Dr. 
Anthony, regard them as not projecting from the external surface 
of the scale, but as interposed between its t^\■o lamell:e ; ^ and tliis 
view seems to the Author to be more conformable than Di'. Anthony'.? 
to genera 1 probab i lit) . 

The more difficult ^test scales' are furnished by little wingless 
insects ranked together by Latroille in the order Thi/saunra, hut 



Fig. 724.— Seak's of 
{azure blue) : «, battledore scale ; l>, 
iiitei’fereiice striie. 



Fic. 7’2ij. — Battledore scale of 
Poh/oiiintdftis Arf/us (azni-f 
blue). 


now .separated bv Sir John Xjubbock,* on iiecount of important 
differences in internal structure, into the two groups t olleiiibold and 
true Thi/saniira. (Jf the former of these the LepisMidd' constitute 
the typical family; and the scale of tlie common Lepmna swcha- 
rmrt, or ^sugar-louse,’^ very »early attrnctod the attention of 


* .ctee waiRon, /or. tw, , ^ , >• 

- ‘ The Markin!?g on the Battledore f^cales of sonic of the m 

^licmcopical Joxirnaf, vol. vii. 1872, pp. 1, 250. 

'• See ‘Proceedings of the 3Iicroscopical Society, op- cif- p. ~ip- 
^ See hh Monograph of the Colh}7ibola (ind Tht/sonura, pubhshea by the Ray 
Society, 1872. , - j j 

This insect niav be found in most old houses, frequenting dainp warm cupboards, 
a.id esnncially such as roiitahi sweets ; it may be rciadily caught ni .a small piJl-box, 
wMch siioulcl have a few pinholes in the lid; and if a drop of chloroform be put 
over the holes the inmate will soon become insensible, and maybe then turned out 
Upon apiece, of clean paper, and some of its scales transferred to a slip o£ glass by 
simply pressing this gently on its body. 
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niicvoscopists on account of its beautiful sbell-Uke sculpture. When 
viewed under a low magnifying power it presents a beautifnl 
‘ watered-silk ’ appearance, which, with higher amplification, is found 
to depend (as Mr. R, Beck first pointed out)^ upon the intersection 
of two sets of strife, representing the different structunfl ariangi^ 
ineuts of its two superficial membi*anes. One of its surfaces (since 
asciertained by Mr. Joseph Beck ^ to he the uwhr or attac]ie»l 
surfice of the scale) is raised, either by corrugation or thickening, 
into a series of strongly uiarked longitudinal ribs, which run neaily 
■parallel from one end of the scale to the other, and are partieularlv 
distinct at its margins and at its free extremity ; whilst tire other* 
surface (the free or- oater, acconling 
to Mr. J. Beck) presents a set of less 
definite corrugations, mdiatimj from 
the pedicle, where they are strongest, 
torvards the sides and free extreuiitv 
of the scale, and therefoi-e ci'ossing 
the parallel ribs at angles nrore or 
less acute (fig. 726). It was furl her 
pointed out by Mr. R. Beck that the 
int ersection of these two sets of cor- 
]' ligations at different angles prodirces 
mo.st ciTidous effects npoii tire appear- 
ances ■which optically represent them. 
For- where the diverging ribs cross 
the lorrgitiidiiral i-ibs very olrliqirelv, 
as they do near- the free extreiiiitr of 
the scale, the longitudinal ribs seem 
broken up irrto a series of ‘ excla- 
ination markings,' like those of flie 
Pudnra ; but ■where the crossing is 
^l■ans^erse or nearly so, as at the 
sides of the scale, an appeitrance is 
presented ns of successions of huge 
bi-ight treads. The conchrsion drawn 
by the Messi’S. Beck, that these in- 
terrujited apjiea ranees are ^proiluccil 
by tw'o sets of nnintciriipted lines on different sinfices,' has been 
confirmed by the careful investigations of Mr. Moorhoiise.'* Tlie 
minute beaded structure observeil by Dr. Royston-Pigott^ alike in 
the libs and in the intervening spaces may now* be ceifainly re- 
garded as an optical effect of (liffVactinn. In the scale of a type 
nearly allied to Lepis'nm^ the Machilis poljipoday the very ilistinct 
ribbing (fig. 727) is produced by the corrugation of the under mein- 
Innrious lamina alone, the u[)pcr or exposed lamina being smooth, 
witir the exception of slight undulations near the pedicle, and the 
c]'oss-markings being due to structure between the supei’poseti 

’ Tha Achroviatic Mkroscupt^ p. ilO. 

- See his appendix to Sir John Lubbock’s Monograph. 

5 Monthly Microscopical Journal^ vol. xi. 1874, p. 13, and rob xviii. 1877, p* oh 

^ Ibid vol. ix. 1873, p. 03. 



Fro. 728, — Scale of Lepisma 
sacchanna. 
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membranes, probably a deposit on tlie interior surface of one or both 
nf tliemd 

Although tlie Podimdm and Upisnwhv- now rank as distinct 
families, yet they approximate sufficiently in generarorgani,s<ition, 
as well as in habits, to justify the expectation that their scales 
would be framed upon the same ])Ian. Tlie PodnrkUv are found 
amidst the siiwdust of wine-cellars, in garden tool-houses, or near 
decaying wood, and derive theii' p(^pular name of ‘spring-tails’ 
fivan the possession by many of them of a curious caudal ajipen- 
dage by whidi tliey can leap like fleas. Tliis is particularly 
well developed in the species noxv designated UpidociiHm v,wn‘k 
cdlh, which furnishes what are ordinarily known as ‘Podura ’ .scides. 
‘ When full grown and uiiruhbed/ si\ys Sir 
John Lnblmck, ‘this species is^■el•y l)eauti- 
fii), and reflects the most gorgeous mcfdlicr 
tints.’ Its scales are of (lifferent sizes and 
of different degi'ces of strcngtli of marking 
(fig. 728, A, B), and are therefoi'e by ikj 
means of uniform value as tests. Tim' 
general appearance of their surface, under pi 
a power not snfficient to resolve their mark- i" 
ings, is that of watered silk, light and dark 
bands passing am'oss it u itli wavy irregu- 
larity; but a well-corrected objective of 
^ e^^■ jnoilei'ate aperture now suffices to re- 
solve every dark band into a. row of dis- 
tinct ‘exclamation marks.' A certain 
longitudinal continuity may be traced be- 
tween the ‘ exclamation marks ’ in tlie 
ordinai’V test scale ; but tliis is mucli more 
apparent in otliei' scales from the same 
species (fig. 729), as well as in the 
scales of \ari()us allied types, which wci'c 
carefully studied bv the late Mr. It. Bcek.- 
Iii certain otiicr types, indeed, the scales- 
have very distinct longitudinal [>aral]el 
rih.s, sometimes with regularly dispo.sed Fu;. 727. Scale of 
cross-bars; these ribs, being confined to one "• 

.surfiice only (that which is in contad with 

the body), are not siibjeid to any sucli interference with their optical 
continuity as lias been si town to occur in Lcplsma ; but more or le.ss 
distinct indications of radiating eorvugafioiis often present tliem- 
selves. Tlie apjiearanoe of the interrupted •exclamation marks’ 
-^Ir. J. Beck considers to be due ‘to irregular con'iigations of the 
outer surface of the under membrane, to slight undulations on the 
outer surface of the upper membrane, and to structure between the 
sn|terposed membranes.’ It has, indeed, lieen stated by Mr. Joseph 


* See Mr, Joseph Beck in Sir J. Lubbock's ^fonal^/l^aj^h^ p. 255. 

■ Tniii.s. Microsc. Hoc. ii.s. vol, x. ls<V2, i>, «:S, See also Mr. Josepb Bt'ck, in the 
appendix to Sir Jolm Lubbock's in yionihhj Jillcivscvpiml ’Journal, 

w. p. 2.53. 
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Beck that the scjiles of a lepidopterous insect belonging to the gemis 
Uormo, which under a low power present the watered-silk appeal - 
ance seen in the Podimi scale, under a \ in. obj. show the ‘exclamn- 
tiou markings,' whilst under a in. ol>j. they exhibit distinct rilvs 
from pedicle to apex, thus showing in one scale how the appearances 
run from one into the other.^ 

The hairs of many insects, and still more of their iarvje, art' 
very interesting objects for the microscope on account of theii- 
branched or tufted con fori nation, this being paiticularly reuiarkahli' 
in those with which the cominon hairy caterpillars aresoabundanth 
l)csct. Some of these afford vei-y good tests for tlie perfect correction 
of ohjecirives. Thus the hair of the he<^ is pretty sure to exhiltit 



Fio. 7-2S.— Test scakij of !!}■(• e FiCi. 729,— Orcliunry wak 

roUis: A, large ‘•troniily scale; H, of LrpifJoct/rlnH vnn-i- 

small scale, move faintly marked, coUiti. 

.strong prismatic colours if the cliroi untie aberration should not have 
been exactly iieut.ralistMl ; and that of the larva of a Dennestai; 
(coimiionly, but erroneously, termed the Mxicon-beetlc ’) was once 
tliought a very good test of defining po^vel•, and is still useful for 
this purpose. It has a cylindrical shaft (fig. 730, H) with closely set 
whorls of spiny protuberances, four or five on each whorl ; the 
highest of these whorls is composed of mere knobby s])iues ; and tlic 
hair is suiiuounted by a curious circle of six or se^■eu large filaments, 
attached by their pioiiited ends to its shaft, whilst at their free ex- 
tremities they dilate into knobs. An approacli to this structure \> 
seen in the hairs of certain JP/riopods (centipedes, galley-worms, 
of which an example is shown in fig. 730, A ; hut a beautiful plioto- 

^ Journ. Ro?y. Microsc. Soc. vol. ii, 1879, ]>. tSlO. On the subject genevally 
Dr. A. Spnler’s ‘Beitrag zui’ Keimtiiiss des feincreuBaucs . . . der Fliigelhcdeckuiii: 
dcr Schiuettci'linge,’ in ZooL Juhrl), Auat. viii. should he consulted. 



micvogrnph of tlie hair of Pohjxenus hujurtia, of the family rolfj^ 
(kmkUe (order Chiloynatha), is given in fig. 6 of the frontispiece. 
This is one of tlie finest test objects for medium powei-s. Other 
minute forms of this class ;u;e niost beautiful objects under tlie 
binocular microscope on account of the remarkable structure ajid 
regiilnr arrangement of tlieir liairs. 

In examining the integument of insects and its appendages 
parts of the surfiK^e may be vieweil either hy refieeted oi' transmitted 
light, according to their degree of trimspariaice and the nature of 
tiieir covering. The beetle and butterfly tribes furnish the greater 
number of the specimens suitable to i)e viewed as ojxKpie objects ; 
.and nothing is easier than to mount poiiions of the eh/tra of the 
former (usually the most sliowy parts of their 
bodies), or of the wings of the latter, in the 
manner described in Chaiiter YIl . The tribe 
of CurciUionidcv, in which the suiface is beset 
with scales having the most varied and lustrr)us 
hues, is distinguished among Coleo])tei'a for the 
brillianc}'^ of the objects it affords, the most 
remarkable in this respect being the well-kll 0 ^vn 
Cicrculio hiper kiUs, or ‘ diamond 1 leetle 'of South 
America, parts of whose elytra, when properly 
illiinnnated and looked at with a low power, 
show like clusters of jewels Hashing against a 
(lark velvet ground. In many of the llritish 
(hirculwnidce, which are smaller and fir 
less brilliant, the scales lie at tlie bottom of 
little depressions of the siii'fac'e ; and if the 
elvtra of the diamon*! liectlc be carefully 
examined, it will be found that each of tlie 
clusters of scales wliich are arranged upon it 
in rows seems to rise out of a deep ]iit wliich, 
sinks ill hy i ts side. T1 ii^ ti'a ns i ( ii ui fi’Oin seal cs 
to hairs is extremely well seen by eomjiaring 
the ilifferent parts of the siirfa(*eofthe diamond 
beetle with each other. The beauty and hril- \ niui- m 

liaiicy of many objects of this kind are increased ; B, hair (jf 

hy mounting them in cells in (Janada lialsam, iM’imr.'itr^. 
even though they are to be viewed with rellected 
light ; other olijects, liowever, are rendered less attractive hy this 
treatment; and in order to ascertain whether it is likely to improve 
or to deteriorate the specimen, it is a good plan first to test .some 
other portion of the body having scales of the same kind hy touching 
it with turpentine, and then to mount the part selected as an object, 
either in balsam or dvv, a<*cording as the turpentine increases oi‘ 
diminishes the brilliancy of the scales on the spot to which it was 
applied. Portions of the wings of Lepidoptein arc best mounteil as 
opaque objects without any other preparation than gumming them 
flat down to the disc of the wooden .'^lide, care being taken to a^•oid 
disturbing the arrangement of the scales and to kee}i the objects, 
when mounted, as secluded as possible from dust. In selecting such 
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]>ortioiis it is well to choose those which have the brightest aiul 
the most contrasted colours, exotic butterflies being in this respect , 
usually preferable to British ; and before attaching them to their 
slides cure sliould be taken to asc'Crtain in what pbsilioii, with tlit> 
arrangement of light ordinarily used, they are seen to tlie best ail- 
vantage, and to fix them there aeeordingly. Whenever portions of tlu- 
integument of insects are to be vie-sved as irmisparmt objects, for tin- 
display of their intimate structure, tliey should be mounted in 
Canada balsam, after soaking for some time in turpentine, since this 
substance has a peculiar eflect in increasing their translucence. iNtu 
oul}’’ the horny cases of perfect insects of various orders, bnt also of 
those of their pupae, are worthy of this kind of study ; and v^bjects 
of great beauty (such as the chrysalis case of the emperor moth), as 
'ivell as of scientific interest, arc sur e to rewaial suc'h as may prose 
cute it with any assiduity, Furtlier information may often be gained 
by softening such parts in }>otash and viewing them in fluid, Tlie 



F1G..7SI. -Heatl and conuioiiiid eyes of tlie 
bee, showing the oce]lite>i in -s/fe on one 
^ide, A, and displaced on the othui', B ; 
(U it, a, stemmat.a ; b, h, antemne. 


luetlioils. Hairs, on tlie other 
liand, are best mounted in 
balsitui. 

Parts of the Head, - Tlu' 


^pes of insects, situated upon the. upper and outer part of tlie liead. 
are usually very conspicuous organs, and are freciuently so large as 
to touch each other in front (fig. 731). We find in their striictuir 
a remarkable example of that multiplication of similar jiarts wliicli 
seems to be the predominating ‘ idea ’ in the conformation of arti- 
culated animals ; for each of the large ja'otuberant bodies whicli we 
designate a,s an eye is really a ‘ compound ' eye, made up of many 
hundred oi' even many thousand minute coniral ocdli (B). A]i- 
proaches to this structure are seen in Entomosti-aea ; but the 


niiud>er of ‘ocellites' thus grouped together is usually small. 
In the higher Crustacea, howexer, the ‘ ocelli’ are verv numerons: 


and their compound eyes are constructed upon the same general 
plan as tliose of insects, though their shajie and position are often 
very peculiar. The individual ocelli are at once recognised wl^eu 
the ‘compound eyes’ me examined under even a low magnif\ing 
[K)wer by the ‘faceted’ appearance of the surface (fig. 731, A), 
•which is marked out b\' ver\' regular divisions either into hexag(ms 



EVKS 


73‘2. — Diii<:;r;nii of a stctiouof tlio 
toniposilo eye of I'dl- 

fcockoiiafei'J : facets of the 

corni'a; I, transparent pyramids 
siUTouiided witli ])ij^inenl; e, fibres 
of the optic nerve ; f/, trunlc of the 
optic nerve, 


or squares ; each facet is tlie ‘covneule’ of a .separate ocellite, an. I 

has it convexity of its own; hence, )iy counting the facets we 

can ascertain the number of ocelli 

in each ‘ coiupountl eye.’ In the two a 

eyes of tlie (toitiinoii fly tiiero are 

as many as 4,000; in those of tlie 

cabbage-butterfly there are about 

17,000; in the dragon fly 24,000; 

and in the Mordella beetle 25,000. ‘ o ' j 

The structure of the arthropoii eye 

is best explained l>y a comparative / 

account of the various stages of \ I 

complication which it presents. I M 

In various larvoe the I'Uticnlar 

layer is modified to form a .single f f/ '1 

lens, beliiiitl whicli are simijle. sepa- 73'2._Di..sa„„ „t a „f tl,.- 

rate, elongated hypodermic cells, tomposiic eye of y[, ■!<,!(, ntha t'nl- 

some of which are continuous ii itli fcockciuiferj : facets of the 

fine branches ef tl.e optic ne.xe ; 

these may he called retinal cells. f>f the optic nerve ; t/, trunk of the 

The next .stage in com[)licati(ui is nerve, 

see n wl leri these la st combi n e t o foi' in y 

groups, ■ I'etiiiiiLe ; ’ the seii.sitii'c 

cells may become divided into two L J 

regions, an outer one, which is 

“ t itreous ’ and rei’racti \ e in function, 1 1 1 Ir I I ' I 

while tlie inner jiart reniuins sensi- |yi| |j il 

tive ; the corneal .'surface may be- |9 M In 

come broken up into a number of |H'| m 

facets, each of which corresponds to 

one of the ‘ pyramids’ so formed. | 

and within the retiiinla there may 

he tliftereiitiated a rhahdom {.''Ce fig. , h p j| 

T-ld) formed !)}■ the nerve-rod. p| 'llpn”/' 

After tvavensing the pyl■amid^ I; j[:!i 

the ray. s readi the extremities of oAru 

tlie fibres of tlie optic nerve, which ilrflTUra 

are suiTOundcd, like the pyramid, 115111 

hy ]>igmentary suhstauee. Thus the || ||li 

rays which have passed through the 
."ieveral ‘conieules’ are prevented pril' d 

from mixing with each other; and 

no rnvs. save those whicll liass in Fu. 7j33.-Paib of tlu^ c<mH|Ound c-yc 

,1 '' ' f- ,1 ^ , of / 7 jrj/r/aya’(f ; the rctmal eellrf iU'c 

the axes of tlie pyramids, can reach ,ecn to be united into .i ixaiuula {m 
the fibres of the optic nerve. Hence, U-Iiicfi differentiated into a rhab- 
it is evident that, as no two ocelli clam (an posteriody ; rr, cryslallin.- 

, 1,1 • 1 ' //. -oi\ 1 cone; /, facet of compound eye; 

on tJte same side (ng. /ol) have pigment. (After Groimcbor.) 
cxactl}' tlie Siime axis, no two can 

receive their rays from the s;une |X)int of ;ui object; and tiius, 
fis each compound eye is immovably fixed upon the head, the 
combined action of the entire aggregate will probably afford but 




seen to be united inlu a rctinula (rj 
u-liic'li is differentiated into a rhab- 
dom (ad posteriorly; rr, eryslalline 
cone ; /, facet of compound eye ; 
pigment. (After Grenacbor.) 
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ii single image, resembling that which we obtain by means of ouv 
single eyes. This judgment has received a confinnation as unex 
pected as it is complete and beautiful. Tlie subject of the real 
nature of compound vision can 1)0 considered no longer a matter of 
doubt. We have as complete evidence of its character as we ])a^e 
of tliat of vision by vertebrate eyes. It is to Professor S. Exuer. 
of Vienna, that we are indebted for the striking though simpb* 
results. lie has been engaged for yeai-s on cognate rescarclies. 
and has at length succeeded in taking a photo -micrograph of the 
image presented at the hack of a compound insect eye in precisely 
the Slime luauiier as a similar photograph might be taken witii 
the retina i-emoved at the back of the eye of one of the higlier 
vertebrates. 

The demonstration was satisfactorily made, and the present Editor 
i.s indebted for a knowledge of the following details to the courtes\ 
of a private communication from Professor Exner. 

Tlie general result of the researches on the subject is j)re.sented 
in fig. 734, wlikdi is tlie image at the back of the compound eye 

of Lampi/ris spkndkhiJa 
(fire- fly), in the position 
in which it would be por- 
trayed upon tlie retina, liiit 
magnified 120 diameters. 
On to the window pane n 
letter 11 cut out in blach 
was fixed ; the distance of 
the window from the eve 
was 225 cm., while the dis- 
tance of the clnii’ch from tlic 
window through which it i.s 
seen in the magnified image 
was 1 35 paces. 

The result is unmi.stak- 
able ; there may appear to be 
.some matters of interest still 
needing inter])retati(>ii. lait 
these are explained in tlie 
monograph by Exner, giving 
the complete details of the 
method he adopted and the 
mathematical explanation fit' 
the results he obtained. The 
rectitude of the image ami 
the reversion of the II are 
certainly noteworthy ; ami 
as a contribution to our 
knowledge of the physiology 
of sight in insects and other animals with compound eyes, fbe im- 
portance of the result obtained by the ingenuity and skill of Professor 
Exner is great, giving tis a new start on solid ground. Tlie mathe- 
matics of the question are fully di.sciissed by Exner in a memoir, tu 
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which the student must be referred for complete iiifornuitioiid Tiie 
kind of image formed by the compound eye lias long been a matter 
of discussion amongst pli3^siologists.“ 

The process of taking the plioto-micrograph copied in fig, 784 
was this : The eye of the fjtmptjris was carefully dissected out from 
the head, the retina and pigment removed ith a fine camel-hair 
pencil, and the back of the eye immersed in a mixture of glycerin 
and water, possessing a refractive index of b346; this was already 
known to be the refractive index of the blood of tlie Lamp/jns, Tlie 
whole was placed iipim an ordinary cover -glass, this being fixed by 
its edges to a, slide or object-carrier with a circular .apei'ture cut in 
it, as in fig. 785, C ; a is the slide with an aperture less in diameter 



Fxti. Too. — Diiiyrainiimtic illustrutioii of tJie iiietfiod by which 
the iiiui'^e iii fig, 7<U was ])hoto-iiiicrographe{i. 


than the cover-glass b cal llirougli it; c is the tiuid-modium id 
'/t=:::l’346 in wluch the back parts of the eye are immensed, thus 
fulfilling the conditions of living siglit, while the coiaiea with its 
lenses is shown at d, being, as in tlie normal .^tate. in air. If the eye 


‘ Sifsung^iher. Akad. Wisseiisck. 117r;;, Bd. xcviii. ilSS91,pp. 13, 113; also7Jir 
Physiologic derfacetti den Angeii vait Kirhscn itnd ia-wricxi (Leipzig uiid ‘Wicii, 
1891). 

' A criticLil liistory of tho discussioii will be found in Cliapti'r VII. of Sir J. 
Lubbock’s Senses of AniDutls {London, 1S8S), Aiid in Dr. D. Bluirp’s Annual Address 
to the Entomological Society of Loudon, 1SS8 (ISHSl). SeealsoiMr. A,31allockin Pruc. 
Uuij. Soc. Land. vol. Iv, p. 85. Tlie question of the physiology of the compound eye 
of Arthropods has given rise to much discussion. For further details as to its 
stiucture consult Givniieher's great work, UnferSHchuiUjen iiher dtts Sehoryan dee 
Adhropoih'it Ac. (Giittingen, 1879) ; Carriere, Die Sehoryane der Thieirdkc. (Yiiuich 
and Leipzig, 1885) ; Hickson, ‘ The Eye and Ojitic Tract of Insects,’ Quad. Jutun. 
Mirrosc, Sci. xxv. p. 21.5 ; Laukester and Bourne, ‘ Tlu^ minute Structure of the 
Lateral and Central Eyes of Scorpio and Liniulus,’ (Jufirf. Journ. Micrvse. Sci. 
xxiii. p. 177 ; Lowne, ‘ On the Compound Vision and tlie iirorphotogy of the Eye in 
Insects,’ TriDKi, Linn. 800 . ( 2 ), ii. p, S89; Patten, ‘ Eyes of Molluscs and Arthropods,’ 
Mifik. Zool. S(((t. Xeopel, vi. 
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be now exiunined with a inierosfope (tlie 0 of Zeifss was euqdoyed), 
the ‘lenses’ will he distiiietly seen, but if the focus be i‘eadjuste<i 
to the fot*al plane of the image in tlie eye this image will be seen 
and magnified. This will be understood from I) (fig. 735), where 
e,/ represent the image, h the (‘ornea witli its ‘ lenses’ e'-f being 
the image of the object thrown upon the position from ^^hic‘h tlie 
retina has been removed, and ■which is ninv made the focal plane of 
the objective employed. 

It was tins image which was yhotogiaphed in the ordinary 
manner with a Zeiss plioto-micrographic apparatus and the C object 
glass. The manner in which this was done is seen diagrainmaticallv 
at E (fig, 735), wliere I indicates the cornea of the eye exposed 
to air, k the image thl‘o^^'n though the Menses’ as a unified 
[)icture at the focal point of tlie uiicrosco[)e, and I is the .sensitised 
jdate on which the image was photographed. This piece of ailnii - 
rablc research and its dear results have a value not only phvsio- 
logical hut philosophical. 

Although the structure already described may lie considei’ed as 
typical of the eyes of insects, yet there ai'e various departures from 
it (most of them sligiit) in the difterent membei-s of the class. 
'JTius in some eases the posterior surface of cadi ‘ eovnculc ' is 
concave ; and a space is left between it and the iris-like ilia- 
phragm, wliidi seems to lie oecu[iied )iy a watei'y fluid or ‘a([ueous 
liumoui'.’ Ill otlier Instanees, again, this space is occupied ly n 
iloublc-eonvcx liody, wliidi seems to represent the ‘crystalline 
lens,’ and this body is sometimes found behind the iris, the num- 
ber of ocelli being I'cduccd, and each one being larger, so that the 
duster presents more resemblance to that of spiders, Ac. Besides 
their ‘ compound ’ eyes, insects usually possess a small numlier of 
‘simple’ eyes (termed ocdli or st^ in niata) seated upon the to[) of tlie 
liead (tig. 731, a, a, a). Each of these consists of a single very con- 
vex corncnle, to the back of wbidi proceeds n bundle of rods tlial 
are in connection with fibrils of the optic nerve. Such ocdli arc 
the only visual organs of the lar\'ie of insects that undergo complete 
metamorphosis, the ‘ coinponnd ’ eyes being oidy develo[)ed towaids 
the end of the pupa stage. 

Yarious modes of pi’eparing and mounting the eyes of insects 
may he adopted, according to the manner wherein they are to he 
view^ed. For the oliservation of theii' external foceted surfiico by 
reflected light it is better to lay down the entire head, so as to 
present a front face or a side face, accoj-ding to the position of the 
eyes, the former giving a view of both eyes when they approach 
each other so as nearly or quite to meet (as in fig. 731), whilst the 
latter will best display one when the eyes are situated more at the 
sides of the head, For the inimiter examination of the ‘corneules. 
however, these must he .separated from the hemispheroidal mass 
whose exterior they form by prolonged maceration, and the pig- 
ment must be carefully wa.shcd away by means of a. fine camel-hair 
brush from the inner or posterior surface. In flattening them mit 
upon the gh^ss slide one of tw’o things must necessarily hapi)eii; 
either the margin must tear when the central portion is pressed 
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down to a level, or. the margin remaining entire, tlie central poi- 
tioii ininst Ije thrown into plaits, sf> that its coriieiiles ttverlap one 
another. As the latter eorulition interferes with the examination 
of the stnictnre much more than the former does, it should hv 
avohledhy making a number of slits in the margin of the convex 
luembrane before it i.s flattened out. ^'erti(•■a! soetiuns, adapted to 
<lemonstrate the structure of the ocelli and their relatioirs to the 
optic nerve, can l)e only made wlmu the insect is fresh or has been 
preserved in strong spirit. JMr, Lowne recommends that tl^e head 
should be hardened in a 2 pei' cent, solution of chromic acid, and 
tlien imbedded in cacao butter; the .sections must l)e cut rc/ytln'ii. 
and should !)e mounted in Canada balsjim. The following arc some 
of the insects whose eyes are ])est adapted for inicrosco[)ic pre- 
parations ; Cokoptera, Cicindela, l)yiis(‘us. ^Melolontha (cockchafer), 
Uicanus (stag-beetle); Orthoptem. Aclieta (house ami field crickets). 
Locusta ; Hemiptera, Notone('ta (boat-fly); Xtiiropk/ra, Lil)ellnla 
(dragon-fly), A gr ion ; Hi/mmoptem, (wasps) and Apid;c 

(bees) of all kinds ; Lepidopkm, Vane.ssa (various s[)ecie.s of), Spliinx 
lignsti’i (privet bawk-moth), llombyx (silkworm nuaii and its allies) ; 
J)iptera^ Tabu n us (gad-fly), Asllns, Kristalis (ilrone-fly), Tijnda (crane- 
fly). Mnsca (lamse-fly), and 
many others. 

The ((iiteiii^o\ wlilch are 
the two jointed appendages 
arising from the upper part 
(»f the hem] of insects (fig. 

7dl. b b), [U'csont a most 
womlerful r'ai'iety of conlbr- 
ination in the several tri])es 
of insects, often differing 
considerably in the .several 
species of one genus, and 
even in the two sexes of the 
same species. Hence the 
cliaracters which they afl'ord 
are extremely useful in classi- 
fication, c.speeially since their 
structure mu.st almost neces- 
sarily be in some way related 
to file liabits and general 
economy of tlie creatures to 
ndiicli they belong, although 
our imperfe('t aci|uaintancv 
witli their function may [)re- 
vont us from clearly <lisceriiing this relation. Tims among the 
Coleoptera we find one large family, including the glow-worm, five- 
11}% skip-jack, Ac., distinguished by the toothed or seri'ate<l form of 
the anteiime. and hen{‘e called A'eyvvVo/’/oa ; in aiiotlier, ot which the 
huryiug-beetle is the type, the antenna* are terminated by a (duh- 
-shaped enlargement, so tliat these beetles are ternu'd (Jlavicornia \ 
in another, again, of which the Jftjdi'ophlUts, or large water-beetle, 



Fk;. 731). — Aiit)*iin:\ of Mchilvnthn 
icOi.'kAi:ifi.'rJ. 
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is an example, the antemue ave never longer, aii<I are commonly 
shorter, than one of the pairs of palpi, whence the name of Palpi 
cornkt is given to thisgi^oup ; in the very large family that includes 
the Lncanl or stsrg- beetles, with the Scarakd, of which tlie cockchah i 
is the eoniinonest example, the antenme terminate in a set of leahik.. 
appendages, which are sometimes ai i-anged like a fan or the leaves 
of an open Iwok (fig. 736), are sometimes parallel to eacdi other li]«‘ 
the teetli of a comb, and sometimes fold one over tlie other, tlumct* 
•dving the name Lamellicornia ; whilst another large family is 
distingol.shed by the appellation Lomjiwrma, from the great lengtli 
of the antennie, which are at least as long ixs the hotly, and often 
lono-cr. Among the Lepidoptera, again, the conformation of tin* 
antenme fretpiently emibles us at once to distinguish the group to 
which any specimen belongs. As every treatise on entomology con- 
tains figures and descriptions of the j)rincipal types of conformation 
of tliese organs, there is no occasion here to dwell upon them longer 
than to specify such as are most interesting to the microscopist : 
(Jokoptcra, Biadiinus, Calathns, Harpalus, Dytiscus, Staphylinns. 
Pliilonthus, Klater, Lanipyris, Silpha, Ilydropliiliis, Apliodins, 
Melolontha, Cetonia, Curculio, Necrophomis ; Orthoptmi, Forficula 
(earwig), Blatta (cockrutcli) ; Lqndoptera, Sphinghhe (hawk-motl»s}^ 
and Noctnina (moths) of various kinds, the largo ‘ ifitimetl ' antenna- 
of the latter being peculiarly beautiful objects under a low magni 
fyim^ power ; Diptera, Culicidai (gnats of various kinds), Tipulida- 
(crane-fiies and midges), ^rabaiius, Eristalis, and Muscidjc (Hies of 

vai’ious kinds). All the 
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Fig. 737.— Jlinute structure of Iciiflikc expan- 
sions of luiteuua of Mt‘hihj»tha : A, their in- 
teriuil layer ; B, tlieir superficial layer. 


larger antenna-, when not 
inoiuited ' dry ’ as opaepu- 
ohjects, should be put up in 
balsam, aftt-r being .soaked 
for some time in tur 
pentine ; but the small 
feathery antenna- of gnats 
and midges ai‘e so liable 
to distortion when thus 
mounted that it is better 
to set them up in fluid, the 
hea<l with its pair of an 
teiime being thus preserved 


together when not too 
large. A curious set of organs is to be di,scovered in the 
aiiteunin of many insects, which liave been supposed to c-onslitute 
collectively an appiratus for hearing. Each consists of a cavity 
hollowed out in the horny integument, sometimes nearly spherical. 
sometime.s flask-shaped, and sometimes prolonged into numerous 
extensions formed by the folding of its lining membrane ; the mouth 
of the Ciivity seems to be normally closed in by a continuation ol thi^ 
membrane, thougli its presence cannot always be satisfactorily detci - 
mined ; whilst to its deepest part a nerve-fibre may be traced, ihe 
expanded lamellai of the antenme of Jfelolou.tha pre.sent a great di.'^- 
pky of these cavities, which are indicated in fig, 737, A, by tlie 
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small circles tliat beset almost their entire area ; their foi m. which 
is very pecnliar, can here be only made out by vertical sections ; but 
in many of the smaller antennae, such as^hose of the l)ee, the 
cavities can be seen sidewise without any other trouble than that 
of bleaching tlie specimen to render it more transparent.'- 

The next point in the organisation of insects to which tlie atten- 
tion of the inicroscopist may be directed is the structure of the 
nwuth. Here, again, we find almost infinite varieties in the details 
of conformation ; but these may he for tlie most part reduced to ii 
small number of types or plans, which are characteristic of the dif- 
ferent orders of insects. It is among the Cokopiera, or beetles, that 
we find the several parts of which the mouth is com^vrsod in their 
most distinct form ; for, although some of these iiaris are niucli more 
highly developed in other insects, other pai'ts may he so much altered 
nr so little developed as to be scarcely recogui.sable. The Coh'optera 
present the typical conformation of the ^nandihiilate mouth, wliicli is 
iidapted for the prehension and division of solid suKstances; and this 
consists of the following parts ; 1, a pair of jaws, termcil innmUhhs^ 
frequently furnished with powerful teeth, opening on either 

side of the mouth, and serving as the (‘hief iiistviiments of manduca- 
tion ; 2, a second piir of jaws, termed mnxilht'. sinallci- and weaker 
than the preceding, beneath whicli they are placed, and serving to 
hold the food, and to convey it to the hack of the mouth ; :h an 
iqiper lip, or lahrura ; 4, a lower lip or liihium ; 5. one or two pairs 
of .small jointed appendages, termed paJpu attached to the maxilljc, 
and hence called maxllhrif palpi ; (h a pair of labial paJjti. The 
labium ^ is often composed of se\'ei’al distinct parts, its basal portion 
hein^^ distinguished as the 'nmiima or chin, and its anterior portion 
being sometimes consideiably prolonged forwards, so as to foi'iii an 
organ which is properly designated the ligvla. )>iit which is more 
commonly known as the ‘ tongue/ though not really entitled to that 
designation, the real tonavp, being a soft and projecting organ which 
forms tlie floor of the mouth, and which is only found as a distinct 
part in a comparatively .small number of in.sccts. as the cricket. This 
Ugnh is extremely developed in the,.^// kind, in which it forms the 
chief part of what is commonly called the ^ proboscis ’ (fig. 739) ; ^ 

' See tlic memoir of Dr. Hicks, ‘ On a, ]iew Strncture in tlie Auteiuiio of Insects/ 
in Tratis, Lituu Sac. xxii. p. 147: and his ‘Further Er'iniirks’ at p, SS:! of the 
same volume. See also the memoir of M. Lespis, ‘ S iir 1’ Ai'pareil anditif des Insectes/ 
in .(hh. (ha Sci. Nat. s^r, iv, Zool. tcmi, ix. p. 258 : and that of M. Claparede, ‘ Sur les 
pretendus Organes auditifs des Coleopteres laiuellicomes et autres Insectes, in 
fJes Sci. ser. iv. Zool. tom. x, p. ‘2:5C, Dr. Ilicks lays gi'eat stress on the ‘hleacli- 
im' process ’ as essential to success in this investigation, .-ind lie gi>es tlie following 
directions for nerforming it: Take of chlorate of potass a draclim, and of water a 
drachm and a half : mix these in a small wide bottle containing about an ounce; wait 
five minutes and then add about a drachm and a half of strong hydrochinnr acid. 
Chlorine is thus slowlv and the niiNturp will retain its bleaching pouer 

for some time. For an account of Herr F, -Ruland’s observations see Jouni. ifo//. 


Wer Nor. 1888, p. 723. , , ■ .? • r -ii 

■' The labium and the labial palps are, inorphologically, a second pair of iiiiixilhw 
which have undergone more or less fusion of the basal partN along the median line* 

■■ The representation given in the figure is taken from one of the ordinary pre- 
parations of the fly’s proboscis, which is made by slitting it open, flattening it out. 
and mounting it in balsam. For representations of the true relative positions of 
the different parts of this wonderful organ, and for nuiuite descriptions of them, the 
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:ni(l it also forms tlie ‘toiij^aie/ of the hee and its allies (fig. 7HK). 
Tlie ligula of the common fly presents a curious modification of tlu* 
ordinary traclieal structure, 'the purpose of which is not apparent : 
for instead of its trachefe, being kept pervious, after the usuid 
fashion, by the winding of a continuous spiral fibre through their 
interior, the fibre is broken into rings, and these rings do not sur- 
round the whole tube, hut are terminated by a set of arches that pass 
from one to another (fig. B).* In the Diptera, or two-winged 
flies genemlly, the lahrum, lnaxilla^, mandibles, and the internal 
tongue (wdieie it exists) are (converted into delicate lancet-.shapeil 
organs termed seto, which, when closed together, are received into 
a hollow on the upper side of the 



labium (fig. 7i^9), hnt w’hich art* 
capable of being used to maka 
punctiu-es in the skin of animals or 
the epidermis of plants, whentv 
the juices may he drawn forth hy 
the proboscis. Frequently, how- 
ever', two or inoi'e of these organs 
may he wanting, so that thei]' 
number* is reduced from six to 
foni', three, or* two. In tlie 
Hl/inenvptem (lice and wasp tril)e) 
the lahrum and the mandihlos 
(fig. 738, much resemble those 
of mandibiilate irrsei’ts, and 
used for coiTes-iKmding pinqaises : 
the maxilke (c) are greatly elon- 
gated, and form, when closed, a 
tubular slieath for the oi' 

* tongue,’ througli whiidi the 
honev is di*aw ii u[) ; the labial 


Ffc. Parts of the month of ■-i-pi 

liit’Uijini (lioiiey-bee) ; <i, meutuin ; I 
maiidiblos ; c, iiiaxillie ; d, labial jialpi 
lij;aha, or [irolongc'd lahiam, coiv 
inoiiiy tt-nned the ‘ tonj^iie.’ 


palpi (f/) also are greiitly de- 
^■elo[)ell, and fold togethei', liki* 
the maxilke, .so as to form an 
inner sheath for tire ‘ toirgue ; ’ 


while the ‘ligula’ itself (e) is a 


long ta[)ering muscular* organ, marked by an immense rnimbei' ot 
short amuilar di\isions, ami <lensely covered over its owir lengtli 
with long hairs. It is not tubular*, as some liave stated, birt is 


.soli<l ; when actively employed in taking food it is extended to a 


roader is voforred to !>Ir. SiifTolk's laenioir, * On the i’roboscis of the Blow-tly,’ in 
MonthJif Microisc. Juurn. i, p, SiU, and to -Mv. Lowiie’s trealiso on The An<d<>w>j 
(iH(J Fh)/iii<iJogi/ of the Jiloic-jiij. _ , , . , 

1 .^coordin^' to Dr, Anthony {Muidhhi 'Sfivra>irvjdc(d Jrao'a. vol. xi. p. *2421, these 
‘ pseudo-tracheat ' are suctorial organs, which can take in licpiid alike at thidr ex- 
tremities and through the whole length of the fissure caused by the. interruption m 
the X'ings, the edges of tliis fissure being formed by the alternating series of ‘ear-hko 
appendages ’ connected with tbe teniiinal ‘ arrhes,' the closing together of whicii 
converts the pseudo-tracheiu into a complete tube. Dr. Anthony considers each ot 
these ear-like a}) iiendages to be a minute sucker, ‘either for the adhesion of tlie fleshy 
tongue, or for tiie imbibition oi fluids, or perhaps for both purposes.’ The point is 
well worthy of further investigation. 



IG. 739.-A, ton<!:ue ot common fly: n, lubes nf litnui ; h, portion iueloshif? 
the luiiceU, foniieil by ibe inetianor[>liosis of nie nmxilhe ; r, iiiaxilbn-y 
I)alpi. B,a portion of some of the iiseudo-traclieie more highly inaj{iiitie(l. 
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<»vejit (iLstjince beyond the other parts of the inoiitli; but when i\t 
rest it is closely packed up and concealed between the maxilhe, ‘ Tlu* 
manner,’ savs Mr. Newport, ‘ in which the honey is obtained wlien 
the organ is plunged into it at the bottom of a flower is by “ lapping." 
or a constant succession of short and quick extensions and contrac- 
tions of the organ, wdiich cxicasioii the fluid to accumulate upon it 
and to ascend along its upper surface, until it i^eaches the orifice of 
the tube formed by the approximation of the niaxilhe above, and of 
the labial palpi and this part of the ligula below.’ 

Rv the plitn of conformation just described we are led to tint 
which prevails among the Le.pido'ptera^ or butterfly tiibe, wbiel), 
being pre-eminently adapted for suction, is termed the kamidhU 
mouth. In these insects the labium and mandibles are reduced to 
three minute triangular plates; whilst the maxilhe are immensely 
clon<^ated, and are united together along the median line to form 

tlie haastellmiK or 
true ‘ proboscis.' 
which contains a 
tube formed by the 
junction of the two 
grooves that are 
channelled out 
along their mutu- 
ally applied sur- 
faces, and which 
serves to punq) 
iq) the juices of 
deep cup-sb:q)e<l 
flowers, into whicli 
the size of their 
wings prevents 
Fro. 740,-Kiustellum (proboscis) of IV<eo,ssr/. these^insects from 

entering. The 

lengtli of thishaustelhniL \'aries greatly : thus in such Lepidoptcra as 
take no food in their perfect state it is a very insignificant organ ; in 
some of the white hawk-motlis, which hover over blossoms without 
alighting, it is iieai'ly two in(*]ies in length, and in most butterflies and 
moths it is about as long astlio body itself; in Amphonpx^ one of tlu* 
Spklu(jkla\ it is more than nine inches long, or about three times tiie 
length of the body. This Imnstelhim, wliich, wlieii not in use. is 
coiled up in a siunil beneath the inoutli, is an extremely beautiful 
microscopic object, owing to the peculiar banded arrangement it ex 
liibits (fig. 740), which is probably due to the dis[)Osition of its muscles. 
Ill many instances the two halve.s may be seen to be locked togetlier 
by a set of hooked teeth, which are inserted into little depres.sions 
lietween the teeth of the opposite side. Each half, moreover, may 
be ascertained to contain a trachea or air-tube, and it is probable, 
finm the observations of Mr. Newport, tliat the sucking up of the 
juices of a flower through the proboscis (wliich is ;u*complished witli 
great rapidity) is effected by tlie agency of the respiratory apparatus. 
The proboscis of many buttei'flies is furnished, for some distance from 
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its extremity, with ii double row of ,sin;ill [>r(ijeeting iiarrel-sK'iiX'd 
bodies (shown in fig. 740), wliicdi are surmised by Mr. >re^v|(orf 
(whose opinion is eoiitlriued by tiie kindred impiiries (»f l )r. llieks) 
to be organs of taste. N umei'ous otiier Djkodifications of the strueturi* 
of the month, existing in tlie different tribes of insects, ;»ro well 
worthy of the careful study of tlie microscopist : lint as dotai]e>l 
descriptions of most of these will be found in evtuy systematic trea- 
tise on entomology, the foregoing general account of tlie princiiial 
typos must siifhee. 

Parts of the Body . — The conformation of tlie sevi-rai di\'isions of 
tlie almentarjf caml presents such a multitude of divei'sities, not 
only in ditferent tribes of insects, hut in diilcrmit states of the same 
individual, that it would be utterly ^ain to attempt hm’e to give 
e.veu a general idea of it, more especially as it is a subj(‘ct of“ fu- 
ics.s interest to tlie ordinary microscojiist lii:iii 1n the proh'sst-d 
anatomist, flciice we shall only stop to nieiitiun tint the ‘nmscnlar 
<dz;iiard,’ in which the (esophagus very (■oiiinionly terminates, is often 
lined by several rows of strong horny teetli^ for tlie laaluction of llic 
f(Kid wliich fiirnisli very beaiitifnl objects, esiiecially for flic bino- 
cular. These are particularly developed among tiie grass] loppers. 
crickets, and locusts, the nature of wliose food <‘ausrs them to require 
^towerfitl iiist laimeiit.s for its reduction^ 

The cli'cnhiiion of hlood may he distinctly uatclied in many of 
the more transparent larvae and may sometimes he observed in tin; 
perfect insect. It is kept up by a “dorsal ves.ser (so naiimd from 
the position it always occupies along the middle ol‘ the hack in tlie 
thoracic and abdominal regions), which really consists of a smw.ssion 
of museular contractile cavities, one for each segment, opening one 
into another trom lieliind forwards, so as to form a eontinnous trunk 
divided bv valvular partitions. In many larva*, however, tliesi* 
pariiiLons'are very indistinct; and the w;dls of the ' dor, sal -vessel 
ar(^ so thin and trans|)arent that it can with diilicuHy be made nul. 
a limitation of the light by the diaphragm l)(*i]ig oftt'U necessary. 
The blood which moves througli this trunk, and w liieh is di.^^rributeil 
bv it to the liodv. is ;t 1 raii.sparent and nearly coloui’icss thud. caiTv-^ 
ingwith it a number of ^lat-shaped’ corpn.sdes. by the m-aion oi 
vvliieb its Row ran be fidlowed.- The ciiiTent enters the “dorsal 
vcs.ser at its posterior extremity, ami is propelled foiwards by the 
(‘ontractionsof tlm succe.ssi\ e ehambers, being pre\ eiited from moving 
in the opposite dirix-tion by the valv'e.s between tla* ehamb(Ts, whicli 
only 0 |)en forwards. Arrived at the anterior extremity ot the 
“diwsal vessel,' the blood is distributed in three priiici]ial channels: 
a central one, namelv. passing to the head, and a lateral one to either 
side, de.scending so\as to apjiroaeh the lower surface of the body. 
It is from the two lateral currents tliat the secondary .‘-treams 
diverge, which pass into tlm legs and wings, and then retnni back 
to the mai]i stream: and it is from tliese also that in the larva 


' TliesUicliMit wluMlcsin-to c-aiTV fiirtlior th>* sUdy of tUo appu*atns 
-honld cmisdt Professor Plat<'an's iuciiio!r, ‘ RccReiTliys sur lys t liouoiiU'iu's ac 
'a Dij'pstioii ctu'Z Ics Tnscctcs,’ Mim. .1 
- Oil tlie blood-f issue of insects cc 
-Vinevican journal Psi/i he. 


i). i!ui/. Jirl<fi<fiti% nIi- 
isult l\fr, AV, Wh.'clei’ 


rill, vi. of tin- 
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(if the EphcmCi'a manjinaia ((.lay-fly), tlie extreme transparence df 
^vllieh renders it one of the best of all .subjects I'or the observatioj. 
of insect circulation, ibe smaller currents diverge into the gilldik,. 
ajijiendages with whicli the body is fnrnisbed. The blood-curreiiis 
seem rather to pass through channels excavated among the ti.ssuc-; 
than through vessels with distinct walls. In many aquatic lar\:c. 
especially those- of the CnUcuhv (gnat trihe), the body is almost 
entirely occupied by the visc'eral ea\ ity ; and the blood may be sch-h 
to move liackwards in the space that surrounds the alimeiitav\- 
canal, which here serves the purpose of tlie eh:\iinels nsually exca- 
\ated through the solid tissues, and which freely conimnnicate.s ;it 
each end witli the dov.sal vessel. This condition strongly resemiiV.s 
that found in many Auniilata.^ 

The circulation may be easily seen in the wings of many ius(.'fTs 
iu their papa state, e.speeially in tho.se of the Neuroptera (sucli ;,.s 
dragon-flies and day-flies), which pass this part of their li^■e.s under 
water in a condition of acti^■ity, the ptqja of A(jnon piiella. one o!' 
the smaller dragon-flies, being a }(articnlarly tavourable .subject for 
such (observations. Kach of the “ nerenres’ of the wings contains a 
'trachea' or air-tube, which branches off from the tracheal syslem 
of the body ; and it is in a sjoace around the trachea that the hbooil 
may be seen to move when the hard framework of the nervui-e itself 
i.s not too ojiaquc. The same may he seen, linwever. in the wings nf 
]inpa* of liees. butterflies, Ac., whieli remain shut up motionle.ss in 
their cases : flor this eoiulit lou of appai^eiit torpoi' is one of great 
activity of their nutritive system, tlmse organs, especially, wliich 
are peculiar to the perfect insect being then in a state of i'a|ii(l 
growth, and hrn iiig a vigorous circulation of Idood fhroogii them, 
tn certain in.secis of nearly every order a iiiovemeiit of fluid mav 
be seen iu tIh* wings foi' some little time after their last uieta 
morpliosis ; hut this movement soon ceases and the wings dry iqi. 
TTie common fly is as go(xl a subject for this observation as can 
l>e easily found ; it must be caught within a few hours oi- days of \u 
iirst appear.'uice ; and tlie circulation may be most conveuieiitlv 
bi’Ought into ^ie^\■ by inclosing if, (without water) in the iUjiiaTic 
box, and pressing (l(.)\Mi the cover siillicieutly to keep the body at rest 
without doing it any injury. 

T’he trspinitory apparatus of insects affords a very interest 
ing series of microscopic object.s; for. with great in\iformity in its 
general plan, there is almost inliiiite variety in its details. Tla* 
aeratiori of the blood in tliis class is presided for, not by the trsms- 
mission of the fluid to any special oigau representing the haaj of a 
\'ertel)i'ate<i animal or the (jitl of a mollusc, but by the introduction 
of air into every jiart of the l)ody, through a syslem of mhiutely 
distributed trachea:, o)’ air-lttljes, whicli penetrate even the .smallest 
and most delicate (u-gaus. Thus, as we have seen, they pass into 
x\\Qhuasielhitt>. or ' proboscis,’ of the Imttei'fly. and they arc miuuVely 

* tiiL‘ iut.‘iiu)ii-s oti \»y Pvofcssni'Kvnit'i' Jones, ill V'/yj,;.'. 

MicyoHf. Hoc. n.s. vnl. w. isil7, p, Ol) ; liy Professor E. llay Ijanlccster, in tin- Prv'"/"' 
Hcieorc. ii’ciara; for October 186:'>; and by Dr. A, 'Weismanii, in /.cHachr. f. a'o.s-. 

Btl, wi. l>. 4.". On tlie cirenlatory system of insects consult Oraber, ‘ Ueber den I'l’"' 
pulsatoriaclien Appauit der liisecteii,’ AirJi./iir iiiikf. Anut. ix. ]>. 121;). 
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.Ustnbuted 111 t le elongated hhl,.,., ■ toneiie ' of the ftv (He 7'tyi 

Xheir genera dLstnbut, ion is shown i„ flg; 741, irhere'we t«!'. 
long trunks (/) passing from one end of the |,„,]v to the otlier. an, I 
connecte,! with eaeh other l.y a transverse eanal'in every segineni ■ 
these runkseommumoate, on the one hand, l,v .sliort wi.'le |Lsa„es 
with the stigmata, ‘.spiraeles.' or -hreathing pores' (,-/), thromdi 
u-hich the air eiiteis and i.s disehaiged : ivliilst they giveoff liranelfes 
to tlie diftereiit segments, 


which divide agniii and 
again into ramifications of 
oxtrenie iiiinutcness, Thev 
usually communicate also 
witli a pair of air-sacs [h) 
which is situa.ted iu the 
thorax; hut the si/e of 
those (which are only fumid 
in the j)erfect insect, no 
trace of them (‘xisting in 
llie larvte) \aries greatly 
in (liffei'ont tribosS. being 
usually greatest in those 
insects whi[;li (like tlie bee) 
can sustain the longest and 
most powerful fliglit, and 
least in such as liabitually 
live upon the ground or 
u[)Oii the surface of the 
water. The structure of 
the air-tubes reminds us 
of that of the bsjiiral 
vessels' of ]>lants, which 
seemed destined (in [>art 
at least) to jierforin a 
similar oilice ; ibr within 
the meiiihi-ane that forms 
their outer wall an clastic 
lihre winds round an<l 



round, so as to form a 


sjiiral closelv resemhling 
in its position and fuiu'' 
lions tlic spiral wirt,' s[>riiig 
of dexihle gas pipes : witli- 
iu tliis. again, luuvevei'. 


Fu;. 741 .— Tiiu-Ih'aI sy>U*m of .Vf/zc hvata'- 
Mcon'ion i : Iteail ; h, tiist jtiu'r of lei's : c, fiist 
se.uiiu'nL of tlun’ii\ ; z/, smuitl p;ni' of wings: 
second iiiiir of legs ; 1\ trachea] trunk: //, one 
uf the stigmata; A, air-sac. 


there is another membranous wall to the air-tubes, so tliat tlie spirt* 
winds i>etweeii their inner and outer eo;its. Wlien a [lortion of om* 
of the great trunks with some of the jahicipa] branches' of the 
b*acheai system has been di.ssected out, and sn pressed in mminting 
that the sides of the tubes are flattened against each other (ns lias 
happened in tlie specimen i’epresented in tig. 74-2). tlie sjiire forms 
two layers which arc brought into close aiiposition, ami n very 
heautifnl ap^icavaiu'c. resembling that of watered silk, is priMlucdl 
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by the erossing of the two sets of fibres, of which one overlies tin- 
other. That this appearance, however, is altogether an optical illu- 
sion may be easily demonstrated by carefully following the eoiirsi- 
of any one of the fibres, which will be fonml to be perfectly regular. 

The ‘stigmata’ or ‘ spiracles’ througli which the air enters tlic 
tracheal system are generally visible on the exterior of tin- 

body of the insect (osjn* 
eially on the ahdoioi- 
nal segments) as a series 
of pores along eacli 

margin of the under sur 
face. Tn mo.st larv;!-. 
nearly every segment, is 
provided with a pair, hut 
in the perfect insect 

.several of them remain 
dosed, especially in tin- 
thoracic region, so tlrnr 
their number is often con- 
siderably reduced. Tin* 
structure of the sjuradcN 
varies greally in regard to 
ci)m[ilexity in difienmt in- 
sect.s ; and oven where rla* 
general jdaii is the same 
the details of confniinn 
tion ai'e peculiar, so tii.-n 
perhaps in scarcely any twm species are they alike, (lenerrdly speak- 
ing, they are furnished with some kind of sieve at their entrance hy 
which particles of dust, soot, Ac., which would otherwise enter the 
air-passHges, are filtered out; and this sieve may he foriueil hv 

the interlacement of tlic 
Iwanclu's of minute arhie 
rescent, growths from thf 
border of the sj)irade. as 
in the common liv (fig. 
74-1), or in the : 

or it nmy be a membrane 
])erforated w-itli minute 
Itoles, and supported upon 
a framework of bars tiiat 
is prolonged in likemauner 
from the tliickeued margin 
of the aperture (hg. 744). 
as in the larva- of tlie 
yfdolontka (cockchafer), ^sot unfiaapieiitly the centre of the aper- 
ture is (X’.cupied by an impervious disc, b'om which radii pi-ot-eeil 
to its margin, as is ^vell seen in the spiracle of Tip>ila (crane- 
fly).^ In those aquatic larva; which breathe air we often And 'Uu* 

I Consult Landois aiul Tliiplp, ‘ Dev Trachceavci'schluss tu i flen Insectciif /- <•' 
schn/tf. am- Zool xvii, p. 187, 


Fig. 74‘2, — Portion of a large trachea of DfyteSCiC 
with some of its principal branches. 



IB. — Spirac-le of corainon fly. 
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of the spiracles of the last segment of tlm abdomen prolonged into a 
tube, the mouth of whicR remains at tlm surface while the body is 
immersed the larvie of the (jnut tribe may frequently be obsei'ved 
in this position. 

There are many aquatic larvio, however, whi(‘h liave an entirely 
different provision for respiration, being furnished with external leai- 
like or brush-like appendages into w]ii{U' the traciiejc are ju-olonged, so 
that by absorbing air from the water that bathes them they inav oon- 
vey this into the interior of the body. We cannot lane a better example 
of tins than is afforded by the larva of the common Ephemmi (day- 
tiy), the body of which is furnished with a set of branchial appendages 
resembling the ‘ fin-feet ’ of branchiopoils, wliilst the three ]>ron^c.l 
tail also is fringed with clusters of delicate hairs whicli tippearto 
minister to the same function. In tlie larva of the JMhdu 
(dragon-fly) tl)e extension of the surface for aqu.atic respiration 
takes place within the terminatioi^ of the intestine the liniim- 
membrane of which is folded into an immense number of plaits! 
each containing a minutely I'amified system of tracbeie; tidewater 
slowly drawn in through the anus 
for bathing this surface is ejected 
with such violence that tlie body 
is impelled in tlie opposite direc- 
tion ; and the air taken up by its 
trachea; is curried through the 
system of air- tubes of which they 
form part into the remotest organs. 

This apparatus is a peculiarly in- 
tere.stiiig object for the mici'oscope 
oil account of the extraordinarily 
ridi distribution of the tracheie in 
the intestinal folds. 

Tlie main trunks of the tracheal 
sy.steiii, with their prindjial ramifi- 
cations, may geneially be got out 
open the bod}' of an inseefl or larva under water in a dissecting 
trough, and removing the whole visceral mass, taking care to leave 
as many as possible of the branches, which will he seen pro- 
ceeding to this from the two gi-eat longitudinal tracheie, to whose 
position these branches will serve as a guide. Air. Quekett recom- 
meiKled the following as the most simple method of obtaining a 
perfect system of tracheal tubes from a larva, A small 0})eniiig 
having been made in its body, this is to be ] laced in strong acetic- 
acid, which will soften or decompose all the ■viscera. ; and the tracheie 
may then bo well vvaslied with the syringe, and removed from the 
body with the greatest facility, by cutting away the connections ot 
the main tubes witii the spiracles by means of fine-pointed scissors. 
In order to mount them they should be floated upon the slide, on 
which they should then be laid out in the position best adapted for 
displaying them. If they are to be mounted in {.'anada balsam they 
should be allowed to dry upon the .slide, and should then he treated 
in the usual way ; but their natural appearance is best preserv^ed 



Fig, 744.— Spiracle of larva of 
ruchfhiifev. 


with little diiiicultv by laying 
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by mounting them in tiuid (weak spiiit or (loadby’s; solution), usiii;^ 
u shallow cell to prevent iiressiire. The finer rainifioations of tlx* 
tracheal system may generally ]>e seen particularly well in the mem- 
branous wall of t he stomach or intestine ; and this, having l>een laid out 
and dried upon the glass, may be mounted in balsam so as to keep tlx* 
tracbete full of air (whereby they are much better <lisplayed), if i^air 
he taken to use balsam that has been previously thickened, to dro]> 
this on the object without liquefying it more than is absoluleb- 
necessary, and to heat the slide and the cover (the heat may Im* 
advantageously api)lied directly to the cover after it has been p\n 
on by turning o\ er the slide so that its upper face shall lrx)k dow'u 
ward) only to such a degree as to allow the balsam to spread an.l 
the cover to be pi-essed down. The spiracles are easily dissected our 
by means of a pointed knife or a pair of fine scissors ; they should 
be mounted in glycerin jelly when their texture is soft, and in 
balsam when the integument is Irn-d and horny. 

Wings. — These organs are essentially com |X)sed of an extension 
of the external membi'anons layer of“ the integiiineiit over a 1:101110 
Moi'k formed by prolongations nf the inner horny la\’ei‘, within 
which piolongations tiachcie are nearly alway s to he found, whilst 
they also include channels throng] i whieli blood circulates ilurin^ 
the growth of the wing and for a short time after its completion. 
This is the simple sti'ucture presented to us in the wings of Xenrd- 
jjUra (dragon-flies, Ac,), Jhpneiiopterd (bees and wasps), 
(two-winged hies), and also of many Jfomopleni, iradiv ami Aphidt'ji) ; 
and the principal interest of these wings as miei'oscopic objects lies 
in tlic distribution of their ‘ veins ’ or ■ nervnrcs’ (for by both names 
are the ramihcatioiis of their skeleton known) and in certain points 
of accessory structure. The venation of the wings is most beautiful 
ill the smaller Xeuroptera. since it is the distinguishing feature 
this order that the veins, after sulxliiiding, reunite again, so as tn 
form a clo.se network ; whilst in the Kymenoptera and Diptera such 
reiuiioiis are rare, especially towards the margins of the wings, and 
the areolfe are inuch huger. Although the iiiembi'ane of 11111011 
these wings are composed appears perfectly homogeneous when 
viewed l>y transmitted light, even with a high magnifying power, 
vet when viewed by light reflected ol)lit|Melv from their surratT> 
an ajipearance of cellular areolation is often discernible; this is well 
.seen in the common fly, in whicli each of these areohe ha.s a hair in 
its centre. In order to lutike tins observation, as well as to briig 
out tlie very beautiful iride.scent hues which iiie wings of many 
minute insects (as the Aphides) o.xhibit when thus viewed, it is con 
venient to hold the wing in the stage- forcejis for the sake of giving 
it every vaidety of inclination ; and when that position has been 
found which best clisplavs its most inter asting features, it should he 
set up as nearly as }X)Ssible in the same. For this purpose it should 
be mounted on an ojiaque .slide, but instead of being laid down 
upon its surface the wing should be raised a little above it, its 
• stalk ’ being held in the proper position by a little cone of soft wax. 
in the apex of which it may be imbedded. Tlie wings of most 
Hymenoptera are remai'kalde for tbc peculiar apparatus by whiAi 
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tliose of the same side are eonueete.l to^^etiier, so ;is to constitute in 
tlight but one large wing ; this consists of ;v row (,f curved ]KX)k]ri.s 
on the anterior margin of the posterior wing, width lav liold of the 
thickened and doubled down posterior edge of the anterioi- wing, 
.these booklets are sufticiently apparent, in the wiug.s of the connnoii 
bee, when examined with even a low maguityiiig power; Init tinw- 
are seen better in the \yasp, a.nd letter' still ii'i the hornet. The 
peculiar .scaly covering of the wings of the Lepido[>tera has already 
been noticed; but it may Ijere ho added that tlie eutire win^s .If 
many of the siiialler and coiiiinoner insects of tins orrler, sueii as Ilje 
TlnekUe, or ‘ clothes-mothsj’ form volt heautifnl opacpie objects fol- 
low powens, tlie most beautitul of all being the divided wiiu'-s of 
the Fissipmraia or ‘ plumed moths; es[jecia}ly tliosL* of the genus 
Pteropiwrm} 

1here are many insects, liowever, in wdiich tln^ wings are more nr 
le.ss consolidated by the interposition of a layer of hi'irnv substance 
between the tw’o layers ot iiiembrane. This plan cd slructiive is 
iiio.st fully cai'i'ied out in the Cokopkra (beetles), whose antcador 
wings are metamorphosed into d)jtr<i or ‘ * wing ca^cs ; ' and it is 
u])on these that the brilliant lines by wddcli the integument, of manv 
of these insects is distinguished are most strikingly ilisplayed. In 
the anterior wing.s of the Foijki<lido\ or earwig tribe, the cellular 
structure may often l)e readily distingui, shed when the\- .are view^ed 
by transinitted light, especially after having been mounted in Canad.a 
balsam. Tlie anterior wings of the Ortliopkrn (grasshopjiers. 
crickets, ttc.), altliougli not by any means so soli<liiied .as those of 
t'oleoptera, contain a good deal of horny matter : they ai e nsuallv 
rendered suthciently transparent, how'ever, liy Canada balsam to b(“ 
view’ed with transmitted light; and many of them are so coloured 
as to be very sliowy obje(d-.s (as are also tlie ])Osterior fan-like w ings) 
for the electric or gas micro.scope, althougli their large size and the 
absence of any minute structure jirevent tliem from .itibi-diug mucli 
interest to the ordinary inicroscopist. We must not omit To men 
tioii, liowever, the curious .sound-prodiudiig apparatus which is 
possessed by most in.sects of this order, and espceiallyby tlie common 
lionse-cricket. This consists of the ’ tympanum; or drum, wliich is 
a space on each of the upper wings, scarcely ciussed hv veins, bur 
bounded externally by a large dai-k vein jirovided witli tliree nr foui* 
longitudinal ridges; and of the Mile’ or ’ i)ow,’ which is a transverse 
horny ridge in front of the tym})aiiuiii, furnished with numerous 
tcetii ; and it is believed that tlie sound is prcxlueed by the rubbing 
of the two bow'S across each other, while its intensity is inci'eased 
by the sound-board action of tlie tympanum, 'Flie wings of the 
Fidgoridie (Ian tern -Hies) have much the same texture as those of tlie 
Ortlioptera, and po.ssess about the same value as microscopic objects, 
dilfering considBrablv from the purely membranous wings of tlie 
FiradiK and Aphides, which are associated with them in the order 
fdoiiioptera. In the order Ilemijiteea^ to which liclong various kinds 

' Compare the recently pnbliehod iiieiui'ir by BlU'I', M'eb.'v Ban inul Farbcn 
der Fliigelschuppen bei Tagfaltern,’ in Zfilsrhr. f. irlus. Z:iol Ixv. il8i)S), pp. oO-li.'., 
as aboJI. von Linden on the development of the murkings, ])p. l—'at ol’ the same volume. 
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of land and water insects that have a suctorial moutli resemblini-- 
that of the conimon Ijug, the wings of the antei-ior pair are usuallv 
of pavclunenty consistence, though inembi’anous near their tips, and 
are often so richly coloured as to become veiy beautiful objects 
when mounted in hdsaiu and viewed by tran.siiiitted light; this is 
the Ciise especially with the terrestrial vegetable- feeding kinds, sucii 
as the Fentatoma and its allies, some of the tropical forms of whitli 
i-ival the most brilliant of the beetles. The British species are h\ 
no means so interesi ing, and the aquatic kinds, which, next to flip 
l)cd-bugs, are the most common, always have a dull brown or alnuisi 
l)lack line ; even among these last, however, of which the NoUnmbi 
(water-boatman) and 1 he Nepa (water -scorpion) are >vell-known 
exiunples, tlm w'ings are beantiiuliy ^'al‘iegaie( 1 by difTei'Puces in flit.- 
de[>th of that hue. The halkt'en of tlie Diptera, which are the ic- 
}ivesenhitives of the [)OKtevior wings, have been shown by Dr. J, p, 
Hicks to [tvesent a very curious structure, wliicdi is found also 115 
the elytra of Coleoptera and in many other situations, consisting in 
a multitude ('f vesicular projections of the superficial membrane, to 
eacdi of which thei'e pi'ocecds a nervous filament, that coinc.s to it 
through ail apertui'e in the teguinentary wall on which it is seati'd. 
Various considerations are stilted by l.)r. Hicks whieli lead him to 
tlie belief that ibis apparatus, wdien developed in the neighboiiihood 
of the spir.ieles or l.ireathiug pores, essentially ministers k) tlie sense 
of swic?/, whilst, wlien developed upon the palpi and other organs in 
tlie neigliliouvhood of the mouth, it ministers to the sense of UihU} 
Peet, — Although the feet of insects are formed piretty much on 
one general plan, yet that plan is subject to considerable modifien- 
tioiis in accordaiKv with tlie habits of life of difierent species. The 
eiif.ire limb usually consists of five divisions, namely, the coxa or ln|i. 
the troclnt tiler, the feinv.r or tliigh, the tibia or shank, and the iarsvs 
or foot : ami this last jiart is made up of sevei'al successive joints. 
'J’he typical miiuher of these joints seems to be firer but tlial 
number is subject to reduction ; and the vast order Coleoptera is 
subdivided into primary groups, according as the tarsus coiisi.sts cl 
five, f oar, or three segments. The last joint of the tarsus is usually 
furnished with a ])air of strong hooks or claws (figs. 745. 746); and 
these are often serrated (that is. fui'nished with saw like toetli). 
especially near the base. The under surface of the other joints is 
iVequeiitly lieset ivitli tufts of hairs, which are arranged in \’ai'iou> 
modes, sometimes forming a complete ‘ sole ; ’ this is especially the 
ease in the family Cvrcidiwikloi ; a pair of the feet of the kliainonfl 
beetle ' mounted so that one slunvs the upper surface made resplendent 
by its jewel-like scales, and the other the Itairy cushion beneath, i> 
a very interesting object. In many insects, especially of tlie ily 
kind, the fool is furnished with a pair of memhraiiou.s expansions 
^ See tns memoir, ‘ On a nf?\v Orgr^n in Inseots,' in ‘Joiirn, Linn. Hoc. vol. i- 
1B6; his ‘ Furllioi Reinarks on the Organs founrl on the Bases of the Halteii> 
initl Wings of Insects,’ in Tinufi. Linv. Hoc- xxii. ji. HI; and liis memoir, ‘On 
certain Sensory Organs in Insects hitherto nndosc-ribed,’ in Trnns. Linn. Sac. 
xxiii. p. 183, Comjiaic‘ also the interesting memniv of Weinliind, in ZcUnchr. ,/■ 
v:m. ZintJ. li. (1880', pjt, 35-160, 5 pis. 

■ See, however, Professor Hnxlev 0/ Inreriehrafe Auiinah, p. 348). 

regarding the * pulvillus ’ of the coekimcli us a joint, finds tlm nnmber to he six. 
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termed pdvtllL (fig. 745) ; and the&e are l.oset Avitli numerous hair.s 
each of which a minute disc at its extreiiiltv. This stniclure is 
evidently connected with the power >v']iich these insect.s possess of 
wjilking oyer smooth surfaces in o[)[)osition 1o the force of gravity : 
yet thei 0 is still considernhle uncert.iintv as to tlie precise mode in 
which it ministers to this faculty. ,SoinV helieve that tlio di.scs act 
as suckerSj the insect being held up hy the pressure of tlie air against 
their upper .surface when a vacuum U^fmaued beneath ; wliilst- others 
maintain tbit the adhesion is tlie result of the secretion of a vi.sdd 
liipiid from tlie under side of the foot, Tlic carefid ohservatious of 
Mr. Hepworth liave led him to a conclusion whieli seems in liarmouv 
with all the facts of tlie case— namely, tliat eacli liaii* is a tube (oii- 
veyirig a liquid from a glandular saceiilus .situated in tlu^ tarsu.s. 
and that wlieii the disc is ajiplied to a surface tlie pouring forth of 
this liquid servos to make its adhesion perfect. That this adlie.sion 
is not produced by atnios[)heric pressiu'e alone is proved hv the 
fact that the feet of flies continue to hold on to the interior of an 
exhausted l'e(‘ei^■er ; wliilst. 
on tlie other hand, that the 
feet pour fortli a secret lal 
fluid is evidenced hy tin* 
marks left by their attacli- 
nieiit on a. clean surface of 
glass. Altliough, when sill 
tlie hairs have the strain 
]iiit iqion them equally, the 
adhesion of their discs snf- 
floe.s to .support tlie insect, 
yet each row may he de^ 
tached separatelv hv the 
gradual raising of the tai sus 
and [inlvilli, as nJien no 
remove a piece of adhesive 
lilaster by lifting it from 
the edge or corner. Flies are 
often fonnd adherent to wimlow-panes in the autumn, their reduced 
strength not being .suilicieiit to enalfle tlicm to dctacli their tarsi.' 
A. similar a]i])aratus on a fai‘ larger scale presents itself on the foot 
of the Bytisevs (fig. 74(i, A). The first joints of tlie tarsus of this 
insect are widely expanded, so as to form a nearly circular plate, 
and this is jirovided with a very remarkable iqqiaratus ot suckers, 
of which one disc («) is extremely large, and is furnished with strong 
j'adiating fibres ; a second (^^) is a smaller one formed on the same 
jilan (a third, of the like kind, being often present): whilst the 
greater number are comparatively small tubular cliib-shaped bodies, 
e^ieli having a verv delicate memhranous sucker at its extremity, as 
shown on a. larger scale at lb These all have essentially the same 

’ Sei' JIi’, He])woi‘th’s conunimifatioiiii to tlie Qttarl. -huini. Sci. vol. ii. 

lSo-1, p. l-iS, Uiid vol. iii. 185r>, ]\ ;:i2. Seo also Mr. Tiifleu West’s lueiiuiir ‘On tlu‘ 
Foot of the Fly,' in TrtDfii. Nai’, xxii. p. asiS: Mr. Lowiies Annfojnif vt 

Ihe H. Dewitz ia /oologhchcr 1;;.:!'/;^’)', vi, p. 27>> : iuhI G. Isimmev- 

niacher ill Zfitschr, f. irlfix. /ooL xl. }). 481. 
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structure, the Inrge suckers being furnished, like the hairs of the 
fly's foot, with secreting stioculi, wluch pour forth fluid through the 
tubular footstalks that carry the discs, whose adhesion is thus 
secured ; whilst the small suckers foiin the connecting link between 
the larger suckers and the hairs of many beetles, especially Curcu- 
l\onkh>} The leg and foot of the Dyt'mus, if mounted without 
compression, furnish a peculiarly bcirutiful object for the binocular 
iiiicroscope. Tlie feet of caterpillars difi'er considerably from those 
of perfect insects. Tliose of the first three segments, which ari- 
afterwards to he replaced by true legs, are furnished Avith .stroui*- 
hui-ny chiAAs; but each of tliose of the other segments, Avlnch an* 
termed ‘pro-legs,’ is composed of a circular secies of com j >:i rati velv 
slender curved booklets, by which the caterpillar is enalfled to cling 
to the minute roughness of the s\irface of the leaves, tbe., on which 
it feeds. This structure is Avell seen in the prodegs of the common 
silkAA'orm. 

Stings and Ovipositors. — Tlie insects of the order Hymenoptei:! 
are all distingnislied by the prolongation of the a] ite})eiiultivmite ainl 



Fui, 740.— A, foot of Dr{t '(iivus, showing its apparatus of suclvcrs; </, b, largo 
suckers; c, ordinary suckers. B, one of the ordinary suckers niore In'ghly 
uiaguified. 

penultimate segments of tlie abdomen (the eighth ami ninth aiv 
(lominal segments of the larva) into a [leculiai* organ, which in one 
division of the order is a ‘sting,’ and in the other is an ‘ovipositor’ 
or instrument for the deposition of the eggs, Avhich is usually also 
provided with the means of boring a hole for their reception. Tlu* 
former group consists of the beos, wa.sps, ants, <tc. ; tlie latter of tlic 
saw-flies, gall-flies, ichneumon -flics, the. These tAvo sets of iiistni- 
inents are not so unlike in structure as they arc in function.' The 

' See Mr. Lowne, ‘ On the fW-called Suckers of Di/fincufi and tlie Pul villi of Insects,’ 
in Monthly Micrn.%c. v. p. 267. 

*’ See Kraepeliti, ‘ lintersucliungen iiber deit Ban, Mechanisuius nnd Euiwicke- 
lungsgesjcliichte der bienenartigen Tliiere/ in Zeitachr. f. IKm. /do?, xxiii. p. 
Dewitz, ‘ Ueber Bau uiid Entwickelung de^? Stachels und der Legesclieide,’ ('p. ''i7. 
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^ sting IS usually fumed of a pair of darts, beset witli harlied teetli 
at their points, and furnished at tlieir roots powerful muscks. 
whereby they can be caused to project from tludr slu'atJi, whi(‘h is a* 
liorny case formed by the lu'olongatiou (d‘tiie iutcgiiuient of the last 
segment, slit into two ]ialv('s, whicli separate- to allow tlie protrusion 
of the sting ; whilst the peculiar • venom ^ of the stinn- is due to tlie 
ejection, by the same muscular actiim. of a poisonous' liquid, from a 
hag situated near the root of the sting, xs hich pas.ses down a canal 
excavated between the darts, so as to he inserted into tlie puu(*ture 
wliich they make. The .stings of the common l>ee. wasp, and lua-uet 
may all be made to display this slruetniv without’ muelwlilHculty in 
the dissection. The ^ivipositor ' of such insects .as ileposit tlieii- 
eggs in holes ready-made, or in soft animal or \-eg(‘t:i])le substances 
^a.s i.s the CJise witJi the is siinplv a loni; tube, wliicli 

is inclosed, like the sting, in a cleft, sheatli. In Ih,* gall-liies 
[(Ufiiipkl/p) the extremity of tJie o\'ipositor lias a toothed ediri*. sn 
as to a<d; as a kind of saw whereby liarder siibstaiiees may be 'jiene- 
trated; and thus an aperture is made iii the leaf, stalk.'ov bud of 
the plant or tree infested by the iiarticular species, in which the e^f^- 
is deposited, together with a drop of fluid tliat lias a peculiaiTv 
irritating effect upon the vegetable tissues, occasimiing tlie production 
of the ^ galls,' wliicli are new gvowtlis tliat serve not ordv to protect the 
larviv, but also to afford them nutriment. Tlu‘ oak is infested bv 
.several .sjie(des of thesi^ insects, which deposit their eggs in different 
parts of its fabric; and some of the .small - galls' which are often 
touml upon tlie surface of oak-leaves are extremely beautiful olijccts 
for the lower powei's of the microscope. In the Ttnthredhuka. < v 
■ saw-tiies,’ and in their allies, the Sirlndo-, tlu' o\ ipnsitor is furnished 
with a. still more powerful aj)]jaratu.s for penetration, bv means 
wliicli some of these insects can boi'c into hard timher. Tins eou.sists 
of a pair of ‘ .saw^s ' whiidi are not unlike the “stings' of liees, d'C.. 
but are broader and toothed for a greater lengtli, and aiv made to 
slide along a firm jiicec tliat supports eacdi hlade, like tlie 'hack ' of 
a carpenter’s ‘tenon-saw; ' tliey are wurkeil alternately (one being 
protruded w]\ile the other is drawn back) with great ra[)idity; but 
wlieu nut in use they lie in a fissure lieneath a sort of areh fornual 
hy the terminal segment of the body. When a .slit has lieen made 
by the working of the saws tliey are witlidrawn into tliis sheath; 
the ovi])ositor is then protruded from tlie eiiil of the ahdomeu (tlie 
hody of the in, sect being curved downwards), and, being guided into 
the slit hy a pai)‘ of small hairy feelers, there dejio.sits an egg.' 
Wany other insects, especially of the order JJijiUm. have very ju'O- 
longed ovijxisitors, by means of wliieh they (-an insert their eggs 
into the integuments of animals or into other situations in which 
the larva> will obtain aj)pro]iriate nutriment. A remai’kable example 

■'XV, p. 174 ; and ‘ irelipr B.nii mid KiitwickflnuL^ dts iSiacIii-ls dcr Anicisni.' op. < it. 
Nxviii. p. 

* The iihove is the accomit of tlie prooess '^iven hy Mr, J. W. doocli, who has 
uitonned the Author that he lias repeatedly veritiod the stiiteiiieiif fonnerly iuade lo- 
ll iin C>mip, Fell. 1. ISTm, that the are deposited, not, as ont'inally 

i-tated by Reaumur, by means of a tube formed l>y the coaptatimi of the saws, hut 
tliroiigh a separate oviposikir, protruded when the saws have been withdrawn. 
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<il' tins is furnished by the gad-fly {Tahmms), whose ovipositor is 
composed of several joiutSj capable of being drawn together or 
extended like those of a telescope, and is terminated by boring' 
insti'nments ; aiul the egg being conveyed by its means, "not only 
into but through the integument of the ox, so as to be imbedded iii 
the tissue beneath, a peculiar hind of inflammation is set up there 
which (as in the analogous case of the gall-fly) forms a nidus appro- 
priate both to the protection and to the nutrition of the larva. Otiici 
insects which deposit their eggs in the ground, sucli as the 
liave their ovipositors so shaped as to answer for digging holes ini 
their reception. The pi'eparations which serve to display the foiv 



Fia. 747,— Various e^gs, cbwfly of the MaJloiihaffa {AnorUira). 


going parts arc best seen when mounted in balsam, save in the (msc 
of tlic muscles and poison -apparatus of the sting, which are better- 
preserved in fluid or in glycerin jelly. 

The sexual organs of insects furnish numerous objects of extrenu' 
interest to the anatomist and physiologist; but as an account d' 
tliem would be unsuitable to the present work, a reference to :> 
copious souive of information respecting one of their most curiou'' 
features, and to a list of the species that afford good illnstr;ition>. 
must Iiere suffice.^ The eggs of not only the class Insecta, but if 

’ See the memoirs of M, Ijacfi7e-nnthiers, ‘ Sur I’Armure Gt'iiitftle des Tusectci^.' i'l 
dcf; Sci. A'rtf. sei’. iii, Zool, tomes xii. xiv, xvii- xviii, xix. ; and M, Ch. Rol>iu'^ 
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many of the minuter forms of the class Amchnida, as for exampU- 
the Acarma, or mites and ticks, present to those who are inseareli of 
objects of beauty a wide and most interesting field. In fig. 747 we 
give a group of eggs, all but the central form being eggs or organi.'^ins 
of this order. It is thus with the eggs of many insects ; they arc 
objects of great beauty, on ^lcconnt of tlie regularity of their form 
and tlie symmetry of tlie inai'kings on their surfm-e (fig. 748). 'Die 
most interesting belong for the most part to the order Leptdopkrn ; 
and there are few among tlie.se that are not worth examination, 
some of the commonest (such as those of ihe c.abbao-e butterilv. 



Fi<i, v4S,— of bulU'i'Hics and 


wliicli iire found covering large patches of tlie leaves of that jtlaiit) 
being as remarkable as any. Those of the pnss-inoth (CV/vo-o 
Titifila), the pri\'et hawk-moth (Ap//o?.v' the small tortoise- 

sliell butterily arficte), the meadow-brown butterfly 

pairJiia janira), the briinstone-inoth avUtpafa), and the 

silkworm {Bomiupc nwri) may be [lartieularly specified ; and, from 
otlier orders, those of the ccx'kvoaeh {llliiUi wknUdis). liehl-crickid 
{Ac}i>da mmjmirk). vs'ater-scorpitm middl'd), hug 

ladiila/i'iHs)^ cow-dimg fly [Si'fdophatjd. sfereo/vovu), and hlow-tiv 

Mhuuirc huv ka Ohjtdft <pd lu'ui'tdd I'frt! r,i rrijxiniiioiiH inuTo.w/uqtir.s 

'.Paris, iH.'jii), wliicli is peculiarly full in tlic I'liuincratic)! of the nlijeets of interest 
afforded bv the class of Insects. 
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vumilorhi)} In ortler to preserve these eggs they shouM 
l)e mounted in liviid in :i c:ell, since they will otherwise dry up. airl 
limy lose tlieir slmpe. Tliey ore very good ohjeets for securing smu,/ 
of the best binocuhir ellects. 

The reinarkable mode of I'eproductioii that exists among tlu> 
J must not })!iss unnoticed here, from its curious connectiots 
with the non-sexual reproduction of Kntomostraca and Roi[fm(^ as 
also of Hjfdra and Zoophytes generally, all of which fall specialU . 
most of them exidusively, undor the observation of the inicroscopisr. 
'I’he Aphides, wdiich may be seen in the spiing and eai’ly sinmncv. 
and which aie commonly, hut not always, wingless, are all of inu! 
sex. and give birth to a broo<l of similar Aphides, which come imn 
the world alive, and before long go through a like process of iimlti- 
[ilii-atioii. As many as from seven to ten .successive broods maytliu> 
he produced in the cour.se of a single season; so that from a single 
Aphis it has been cvdculated that no fewer than ten thousand inillien 
millions may lie evolved wdthin that ])eviod. In the latter pari of 
the veai-, however, some of these viviparous Aphides attain their (h!l 
development into males and females; an<l these perform the tine 
generative process, whose products are eggs, wliicli. wlien hatched in 
the succeeding spring, give origin to a new viviparous broo<I tlial 
repeat the curious lifedustoiy of their predece.ssors, I’t appears fi-nm 
the observations of Huxley'' that the broods of ^'iv I parous Aphhks 
originate in ova which are not to be di.stingnished from tliosr 
dcjiosited by tlie jierfect winged female. Nevertheless, tliis non 
sexual or iupniiic re[)rodiictioii must be consiilered analogous ratlici 
to the 'gemmation ' of other animals and plants than to their sexual 
‘generation;' for it is favoured, like the gemmation of Ifydro. Itv 
warmth and copious snstenanee, so that by ap|u-opriatB treatment tin 
^iviparous ve]iroiluctioii may he caused to continue (as it wouM 
seem) indefinitely, without any reciii'rence to the sexual ])roi‘es>-. 
Further, it .seems now certain that this mode of repi'oductioii is ’ini 
at all peculiar to the hut that many other insects ordinariiv 

multiply by •agamic' pro^iagatioii. the production of males and the 
jierformance of th<". true generative act being only an occasiuual 
phenomeunu : and the researches of Professor Siehold liave led him 1<i 
conchule that e\ eniii the ordinary economy of the liive-hee the same 
double mode of re[)i'oductiou occurs. The cpieen, who is the only 
perfect female in tlie hi\ e. after impregnation by one of the drones 
(or males) deposits eggs in the ‘ royaT (-(dls^ which are in due timr 
develope<l into young cpieens ; others in the drone celhs. which hecoiuc 
drones; and others in the ur<linarY cells, which become workers ov 
neuters. It has long been known that these last are really un- 
developed females, which, under certain conditions, might become 
(jueens; and it has been ohseiwed hy liee-keepers that worker bees, 
in common with virgin or unimpregnated (jueens, oeea.sionally lay 

' Compari; R. Lfiirkiu-l iu Airhir f. Aunt, i>, 90, ‘ Ueber die Micropyle niui 
(leu feitierii Bau dei’ Subaleiibiuit bei deii Inst'Cteueiei'ii,’ iuid A. Rraiult, I 
Ei unA srinc PilAinufufntfv, LeipKig, ls7s. 

^ ‘Oil tlu;. A<;iunic Reprodncr.ioii and Morjdiologv of AfihiP in Linn. 

Sue. xxii. p, 193, For ohRervations (»u AnuTicau Aphides see viirioiis paiH'i'^ l>y 
iMi'. C. M. \V('C<1 iu PiiHchr uiul otliev .American journals. 
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eggsfroul which eggs none hut droiu-savecvei- [iroduced tVoui careful 
microscopic examination of the drone (‘ggs laid even hy iinpregnatc'd 
queens, Siehold drew the conclusion that they have not received the 
feitilising influence of the male fluid, wliicli 'is coiunuinicated to the 
qiieen-cgg^ and worker-eggs alone ; so that t!ie [)ro(hicts of sexual 
generation are always teinale, the males Ixdng developed from 
by a process whieli is essentially one of geuimariond 

The einbcyonic development of insects is a stndv of peculiar 
interest from the fact that it may he considered as divided ^at 
least ill such as undergo a ‘couqilete metamorphosis') into two 
stages tliat are separated by tlu' wlioli' active,' lifeof tlu* larva - -that, 
namely, liv which the larva is juoduced w ltliin the egg. and that hv 
which the Imago or perfect insect is j produced witliiii the hodv <'d' 
the pupa. \ arious circiim.stunces combine, however, to render the 
.study a. \ery difficult one; so that it. is not one to he taktai up hv 
the inexperienced microscopist. The following suiumaw f>f the 
history of the process in the coimimn hlow-llv. however, will pro- 
bably be acceptable. A ijiiHii'da witly two mcmiii-anoiis laimdlu* 
liaving hceii evolved in the first instance, the outer lamella very 
rapidly shapes itself into the foiaii of the larva, and sliows ,a w<dl- 
iriarke<I segmental division. Tlie alimentaiy eanal. in like manner. 
shape.s it.sclf from the inner lamella, at first Ixung straight and 
very eapacious, including the wliole yolk, hut gradually becoming 
narrow ami tortuous as additional layers of cells are develope»l 
between the two primitive lamella*, from which tlie other intei-nal 
organs are (‘volved. When the larva enmes forth from the egg it 
still contains the remains of the yolk; it soon begins, however, to 
feed voraciously ; and in no long period it glows to many tluawind 
time.s its original weight, without making any essential nrogio-ss in 
development, hut .simply acciiimilating material for future use. An 
adequate store of nutriment (analogous to the ■ su|)[)lemental yolk ' 
of Furpnt'a') having thus been laid up wiihin the body of the 
larva, it resumes (so to speak) its embryonic development, its pa.ssige 
into tlie [uipa state, from whicli the imago is to come forth, involving 
a. degeueration of all the larval tissues; whilst the tissues and 
organs of the imago 'are redcvelojved from cells wliicli originate 
from the disintegrated parts of the larva, under conditions similar 
to tho.se appertaining to tlie formation of the embryonic tissues from 
the yolk.‘ Tlie development of the segments of the hea<l and liody 
in insects gciierallv proceeds from the eoiTespomliiig larval segments: 
hut, aeeovding to J)r. Weisiiiaun. tiiere is a marked exeeiition in the 
case of the htpkra and other insects whose huwic ai-e uiifiirnislied 
w ith legs, tlieir head and thorax being newly formed from 'imaginal 
di.scs,' which adhere to the nerves and tracliea* of tlu' anterior 
extremitv of the larva ; - and, strange as this assertion may .seem, 

* yt-e I’l'ofessor Siebokl’s memoir, On I'ntc nml iirc-5, 

Iranslfik-a by M'. S. DtillasiLomlon, 1357}: aud Ids Bf<1nunt :;iir FaHl/viux/ntem 
(Leipzig, 1871 . ....... 

- Rof bis ‘ Enlwiebelunofdnr Dii'lereii ’ iu Zr?tsr/ov(/ /. 11 xm. .'uid xiv.; 

Mr. Lowtie’s Aiidtom}/ of the Bloir-fty (1st od.t pp. d-i*, 113-1-21 ; and Kowalevsky, 

‘Beitriigi.- zni Kemitiiis dei‘ Narlicmla-yonalen-Eutwielwlmig der MnsridHii,' Xeitsrhr. 

/• IFiss. Zoot. xliv. p. 512. 
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it hns been confinned by the subtsequeut investigations of AIv. 
Lowued 

The A rachnida^ or scorpions and pseudo-scorpions, and the A rn- 
iieidu or spiders, present much that is of interest even to the iiuscieu- 
tific who use the microscope only for pleasure. The general remarks 
which have been made in regard to insects are equally applica1>l(* 
to these, but have special application in that group knou n as tlu- 
Acnriiia^ consisting of the mites and tkks. Some of these art- 
pai‘asitic, and are popularly associated with the wingless {>a.rasitic 
insects, to which they bear a strong general resemblance, save ih 
having eight legs iiLstead of si.r. Tlie are ihe true ‘ mites; ‘ 

they generally have the legs adapted for walking, and some of tliejii 
are oC active halnts. The common cheese-inite, as seen by thonakeil 
eye, is familiar to every on'e ; yet few who have not seen it undei- a 
microscope have any idea of its veal conformation and movements; 
and a. cluster of them, cut out of the cheese they infest, and placcil 
under a magnifying powder suHicienlly low to enable a large numl>cv 
to be seen at once, is one of the most amusing objects that can lir 
shown to the young. There ai'eiiiany other species, which closely r(>- 
scmble the cheese- mite in structure and habits, but w’hicb feed upon 
difterent substances ; and some of these are extremely destructive. 

The Acarina are the si]iallest of tla^ .l/’i/o’opec^a, and arespecialh 
well fitted for microscopical examination; indeed, with the excejition 
of the Ixodkh*‘ (including the Argosino'), which attain a- sul)Ktuntial 
size, pai’ticidarly in tro})ical countries, but little can be learnt 
respecting them without such aid ; as fai' as is at }> resent kuinvn. 
other mites are not larger in hot countries than in Enrojie. 31a nv 
sj[)ecies make bejuitiful objects foi- the inicroscn])e, and may be well 
preserved, the hard-bodied spcaaniens in balsam witlmut heat nr 
pressure, the soft-bodied in glycerin or glycerin jelly : e.g. thf 
nviiiphs of Jyiosoyt}({. jxdmai'hicttiui^ y’erjeocrunKs cepheiformis. T. 
de'i'tUdns^ and the adults of ijlyciphagns plamhjer and (i. p(dii<ifii' 
are admirable. They are all llritish, and are found respectively on 
lichen at the Ljuid’s End. on the fallen liark and needles of fir-trees, 
on fallen oak-wood, in the fodder in stahles. and on eellar-walls. 
Many of the Ttoudddiido‘ and Jli/drach nidee also are veiw beaiitilVil ; 
and the JJermrdeichi, especially the males, and such creatures 

ListrOjAioriis, A'c.. are extremely enrions. 3Vith the exce]>- 
tion of the PlptoptidAe, all Acariim in the adult stage liave eight 
legs and thc^ constriction between cephalo-t borax and abdomen 
far le.ss marked than in insects an<l s[)idRrs — in many genera if 
wholly lost. The sexes are distinct and (»ften very dilVevent from 
each other; the rejtroduction is ovijiarous or ovo-vivi])ar<>iis -pos- 
sibly in rare and exceptioird instances vivijiarons. Tlie ova ari' 
usually elliptic-al or oval ; in tlrwe which have a liard shcil a 
curious stage knowni as the ‘ deutovium ’ exists ; as tlie egg iucreasc'N 
ill size the shell sjilits into tw'o symmetrical halves, which remain 
attache'll to the lining membrane, but are widely separatc'd. tlv' 

1 RefwRiire sliould 1)P uiiule to I’vofc’sscir Biitsc-hli’s ohsrrviitions in 
Julirhuch^ \iv. p. 170, and ])v. \'oi‘]t7.k()w’H paper in Arlcit. ZUul. Zool. Ttmi. H /o-- 
h>tnj, h. p, 1, 
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membrane becoming the external covering in the space left. The 
eggs of the so-called stonc-mite [Patrohia lapidaui) arc di>icoidal and 
sculptured; they occasionally appear in countless numbers over a 
large space of ground in a single night, making tlio |>lace look 
whitewashed ; they have been mistaken for fungi and called 
nmn pyriforme\ they are good microscopical objects. Tln^ larvje 
of all A Carina^ except Phytoptn.s and possibly Deruuniysms^ are 
hexapod ; the fourth pair of legs is absent. Tim nym[)hal stage is 
usually the primapal period of growth; occasionally, however, it is 
wanting. The nymph is an active chrysalis, as in the O/ihoptem ; it 
usually undergoes several eedyses. In many species of the Onhatid<f 
the whole skin i.s not (‘ust, but splits round the edge of the body, 
and the dor.so -abdominal portion remains attfic-hed to the new skin ; 
often it has a row of elegant spines or hairs round its edge ; tlui.^ 
after two or three ecdy.ses these spines form (‘OJiceutric ring.-^ on the 
notogaster (Plate XXI, fig. 2). In the Tromhidiklti'. Tyrofjhjphl. itc. 
the nymphs usually greatly resemble tlie adults; in the O/uhatido' 
they are often totally different, and every intermediate stage occurs. 
The change from nyinpli to adult is usiially preceded by an inert 
period. 

The number and variety of the finnilies, and the diftcrences in 
the external foim and internal anatomy, are so great and .so endless 
that it is impossible here to do more than indicate ;v few leading 
features and refer to a few examples of interest. The cap\it is, of 
course, fused with the thorax, but sometimes a (‘onstriction at tlie 
base of the ro.strnin gives a false appearance of there being a di.stinct 
head. The trophi are extremely different in the respective families, 
or even genera. In the more highly organised of the (ImiwRida: 
almost all the parts which exist in the most elaborate insect- mouths 
except the labial palpi may be found ; tlmy are well described by 
M. Megnin.^ A large oral tube is formed by the ankylosed 
maxillm and probably upper lip and lingua. Up the centre of this 
tube the mandibles' pass freely; they are very long and clielate; 
the first joint is simply cylindrical ; the second similar, but liaving 
the fixed chela at its distal end; the tlurd is the movable chela. 
They are aipable of being projected far beyond the body, or of being 
withdivayvn wholly within it, the muscles wiiicli witlidi'aw them 
often arising from quite the posterior end of the body. These man- 
dibles are difi'erent in the two sexes, and those of the male often 
have most remarkable appendages. One of the best examples is 
that of Gamusas terrihilis, a specie.s found in moles’ nest.s by Mr. 
Michael, Professor Canestriiii, of Padna, also has figmxxUome very 
singular forms. In the Orlhatidcc, Jet'i'afiychiig. the burcopUdu’. 
(tc. the mandibles are also chelate, but of two joints only, sliorter. 
more powerful, and not capable of sucli great protrusion. Tn the 
Ifydrachukhr, TrowhidihKr, kc. the mandible is not chelate,^ but 
tlie terminal joint shuts back like a clasp-knife, as in the poison- 
fangs of spiders. Other forms of mandible are found. The maxilla* 
are large toothed crushing organs in tlie Onh(ftid(e: they are verx 

3 T 


‘ Jotmi. ile VAhuI. et. de U Fhijsiol Robin, May 1870. 
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strongly developed in Uoplophoray wMch is a wood-boring creatnrt‘, 
In other families they are more commonly joined, forming a maxil- 
lary lip with a flexible edge for sucking purposes. The maxi]l!^•^• 
palpi vary greatly ; in the iSarcopiklm, Myohia^ ^.tc. they are aiik\ - 
losed to the Up ; in the Fhjtopti Nalepa is of opinion that thev air^ 
ncedle-like piercing organs, but these may well be the maxilhe. In 
some predatory fomis, as CJieyleim, Tromhidimn^ Am., thev assuuK;' 
gi-eat impoi'tance, being the i-aptorial organs ; in the first th(‘v 
are extremely large and powerful and woik lioiizontally ; they :n e 
provided with a n\imber of long chitinous spines and coinbdiko 
appendages of a very singular character. In Tromhulmm, the 
ultimate joint is articulated at the base of, oi' part of the way dov n. 
the peiuiltimate, forming a s})Bcies of chela. In Hdella, tlie palpi 
aie long thin orgmis, cariied upward and backward, and have the 
appearance of antenn?e. The joints of the legs are from thn-e 
{hemodex) to seven (some TroinhklikUti and Gamasidcc) ; five is (he 
most usual number. They are terminated Vjy a sucker as in the Har- 
coptido'., where it is often very large; or hy a claw or claws, or both 
together. In some parasitic species the claws are developed in a 
special manner for holding the liaiivs of the host ; thus Myohia has 
the claw of the first leg flattened out so as to form a broad lamina, 
vvln'cli curls round the hair and presses it against a chitinous peg on 
the tarsus ; Myocopt^^ has a similar aiTaiigenient on the third leg. 
Both these geneia contain species nliich ai'e })ai‘asites of the mouse, 
and easily obtained. In the OrihatkUe, Tyroylyphi, <kc. the legs 
are all strictly walking oi'gans ; but in Cheyletus, most {Tamu,d(hf'. 
Ac. the first pair are tactile, and not used in locomotion. The legs 
generally correspond on the two .sides of the body, but in FreyauM 
hateropus, an extraordinary j^arasite of the coimorant discovered hv 
Mr. Michael (Plate XXII, fig. 3), the second leg of the male is dcvelopixl 
to a mucli greater extent on one side tUan on the othej-, and is 
snpport.ed by a difierent sternal skeleton on the 1,wo si<les ; the 
strangest fact is that it is not always tlie same side that is thus 
developed; it is usually the left, but occasionally the right. The 
inleg in nent of the Acarina is almost always soft in the immature 
forms ; in the adults it Is hard and chitinised in the Orihalklm and 
most partly so in tlie lx.odidm\ and usually soft in most 

other families, and often minutely striated. The hairs and other 
appendages of the integument of a similar nature are often very 
characteri.stlc and extraordinary. In the nymph of Leiosoma pahna- 
cimium they are large scale-like processes of a Japaiiese-fan shape, 
which entirely covei' up and conceal the body of the creature; a 
leaf-like form is also common. In Glyciphagns phmiger they are 
elegant plumes ; in some Sarcopiidoi^ c.g. SymhioUs iripiUs. some ot 
the simple setiform hairs are three times the length of the bcxly: 
in the Tromhldiidoi the body-hairs are often extremely fanciful. The 
setiform hairs are the principal organs of touch, those on the from 
legs being specially important. So sensitive are they that Cheyktua 
and some Gama-sids, which are predatory and capture such active 
creatures as Thymnaridih, are entirely eyeless, and trust to the 
bictilc sense only. Haller was of opinion that certain specialised 
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hairs had an auditory function. In tJie IrMU-iv a singular druni- 
like structure in the first leg has been ctoisidered hv'’ Haller and 
others to be the hearing organ ; wliile in tlie Onhnii(L tliat orcran 
appears to be hx>ated in the pseudo-stigmata, two paired orcFans^at 
the side of the cephalo -thorax whicli were long taken for true sti«'- 
inata. The Oamaddif^^ OrihatUhe. Ti/roylj/pJudrr^ Smr.OjdUlw lix* 
are entirely^ without special organs k vision. Tlie H^drmhnid^ 
have two pairs of simple eyes, each pair being so close togetlier as 
to look like a single eye. ^ Tlic TrmvhuUkla- inoi^tly have simple 
eyes, the number and position of which \arv with tlie s|)ecies. 
As to internal anatomy it should he noted tlmt there is almost 
endless variety. The aliinentary canal most commonly consists of a 
long iliin oesophagus, [>rovided with distonsor muscles" on eacli side 
so as to make it a sucking organ ; it usually passes right throiudi or 
<■Io.se under the great ganglion known as the brain; in some sj)ecies, 
as Darnwm genimdatns, the cesojihagus is followed hy a large |>ro- 
ventriculus, but this is not usual ; it more commonly lea<ls directly 
into the ventriculus, whicli generally is a principaf viscus, and in 
most fiiinilies furnislied with more or less glandular c;ecal ap- 
pendages, not numerous, but often very large, occasionally lai-fou' 
than the org-an itself, A valve in many cases separates the seii- 
triculus fi'om the hind-gut, svhieh is commonly divided into what 
may be called colon and rectum. In the Gama^khn a single very 
large Alalpighian ves.sel on eacli side of the body enters between 
the two last-named divisions of the alimentary canal. The.se vessels 
run right along the .side of the body, and .strong pulsation may be 
seen in them. In the Orlhalidv' they are absent, their function 
being apparently performed by supei'coxal glands. The Tyro- 
tjbfphidff^, Sm'copiuhp., Phi/toj)lid(r^ S:i‘. are -without special res[iira- 
tory organs ; the Orihafkhi’ and some J^ropoda have simple un- 
branehed traeheie, much in the same condition as those Peri pains. 

The other Gam/mda^, the TromhidikM^ ChrpJetida-, I.i’odhltr. S:c. 
usually have branched traeheie, like insects ; air-sjics are ocension- 
alh^ found, but not anything like the tracheal lungs or gills (so 
called) of spiders and scorpions. The principal nerve-centre is 
much concentrateil, ami consists usually of eitliev a large supra- 
(.e.sophageal and smaller subcesophageal ganglion joined bv com- 
missures ; or, more frecjuently, the whole forms one mass wliich is 
pierced by the oesophagus, which may he pulled out, leaving a neat 
round hole ; the nerves, of course, radiate from this mass, hut there 
is not space here to describe their course. A pulsjiting organ of the 
nature of the dorsal vessel of in.sccts, but much shorter, and with 
only one or two pairs of ostia, has been detected in some Gamasidtr, 
and in Ixodes^ first by Kramer and afterwards hy Winkler and 
Claus ; it has a median iioida. running forward ; it is best seen in 
life ill young specimens .still transparent; it lies at the rear of Hie 
ventriculus, near the dorsal surface. Kothing of the nature of a. 
iieart has yet been discovered in other Acarina. The repro<luctive 
organs are, perhaps, most frequently of the ‘ ring ’ type, well known 
in tlie Amchn uhx, tlui.s in female Orlhatklix tliey consist of a central 
ovary, with an oviduct sju'ingiiig from near each end, in which the 
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eggs are mntured; the oviducts both terminate in an iinpaiicil 
vagina, whence the eggs pass into a iong, membranous, extensil>Ie 
onpositor, often wrinkled or striated with singidai* fineness and 
beauty. The external aperture is closed bychitinous folding doors. 
A more or less similar arrangement may be found in most Gamasida . 
[lydrachikhi'^ &c., but without the ovipositor, Sperniatheca> are 
often found in the Gammido!^ Tyroglyphidct, dm., and aecessoiy 
glands frequently ficcompuny the vagina in almost all families. Tlie 
male system varies greatly, but is frequently constructed on similar 
lines, preserving somewhat of tlic ‘ ring ' fornn 

The principal families into which the Acar’ina are divided are as 
follows ; — 

The Ganiasidre^ which .in' the adulti stage are mo.stly pro- 
vided with a liard chitinous cuticle in all parts of the body. The\' 
are mostly predatory, but the females ami young are often ])arasitic. 
Pteroptus and Be'nuarujfistis^ liowevec, are more leathery in texture, 
and are parasitic timing their wliole lives, the former on l>ats, tlie 
latter on birds. This family have the true stigmate, one on ojich 
side of the ventral surface, usually between the second and thin] 
pairs of leg.s ; these do not communicate directly with the external 
air, but have a long tubular peritreme in the eliitin of the ventral 
surface, often very elaborate in form, and emerging to the air visually 
between the first and second legs. This is higldy characteristic of 
the family. 

The IxodkPe., or ticks, most of whicli are probably primarilv 
vegetable feeilers, but will, when opportunity ofVev.s, attach them- 
selves to animals by sinking tlieir long seriuted rostral projection 
into the skin, have a single ventral stigma on eacli side, com 
municatiug directly wuth the air by a large cullender-plate, whicli 
is an interesting microscopical object. The males have the dors;il 
surface of the abdomen almost entirely covered by a chitinous plate, 
which is much smaller in the females ; but the leathery portion of 
the abdomen in tliat sex is capable of great distension for tlie ])ur- 
pose of permitting the suction of aninud juices. The AryuahUf 
must be included in tins greaqi ; their tenacity of life and power of 
existing witho\it food are marvellous ; their bite is severe, but tlic 
terrible stories told of the re.sults of the bite of the Per.si.an -trya.v 
have not been supported on investigation. 

The Orihatidw are mostly wliolly cliitiuised, the chitiu l;)eiag 
very hard and brittle. The stigmata are in the acetabula of tlic 
leg.s. The pseudo-stigmata (hearing organs) of this family liavc 
lieen before referred to. ih'ihatkioi are vegetable feeders, living in 
moss, lichen, fungus, deail wood, under bai'k of trees, Ac., and some 
few species on aijuatic plants, They are witlely distributed from 
the arctic regions to the equatorial, lloplophofa has the jmwer of 
withdrawing the legs wiiolly within the carapime, and then sliutting 
down the cephalo -thorax ttgainst the abdomen, so as to close tlm 
opening, when it appears like a cliitinous l>all ; from this jxnver it 
lias been called the ‘ box-mite.’ The sexes have not any exl.criuil 
ditVereiice. 

iiie Tromhidikhr are a large and viuied group, mostly predatory 
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iViid with soft, often velvety skins, fre{|uently of scarlet and other 
brilliant colours. The large Tvomhidt a m holoseriv.nm is a well-known 
microscopical object. The Tetmw/chl are usually included in this 
family ; they are, however, rather doulitful members ; they are the ' rtsh 
spiclers' of out' greenhouses, much dreaded by iiorticolturists. Each 
foot is provided with about four singular hairs with round knobs at 
the end. Bnjohia is an allied genus found iu great numbers on ivy 
kc.. in gardens and is a beautiful object. Tlie hexapod larva‘ of .several 
sipecies-of 7'romhlditim ohexi attach themselves temiiorarily tothe skin 
of animals, i ncliuling man, and prod\ice iutoleraldc itclnng. Tliey w'ere 
supposed by the earlier Aairologists to lie all (»iie species, and to 
be adult, and to form a di.stinct family; tliey were culled Leptns 
(mUtmualis, and are knowm in England as the ‘harvest-hug,’ and 
in France as the ramjet. The Iklellidie are also included in this 
family ; some authors also include the (.'Jir.jleti, wdiich, liowevcr, seem 
to need a .separate family, having many curious cliaractcrs, including 
the dor.sal position of the male organs. 

The Iljjdrachnidee, or w’ater -mites, as well us the Tramlndiidw, 
have the two stigmabi in the rostrum ; the legs are swimmiiig 
organs, the sexes often very different ; they live in fi-esli wuter and 
are often parasitic in their immature, but not in the a<lult stages. 
They are ino.stly .soft-bodied and often of brilliant coluurs. 

The lAiamcaridifi are sometimes treateil a.s a sub-family of the 
Uijdrachudw.^ but are crawling, not swimining creatures, and are 
found in fresh water; Init the llalicaridm. which either constitute 
a sub-family of, or are closely as.sociated with them, are marine, 
and are much found among IIjdro.:o((, on whicli they probably 
prey. 

The para.sitic Afjohudie aie by some included in the CyjUtkhe ; 
the differences, however, are very considerable. They are the last 
tracheate family. 

The TiirojhiphkhH are the cheese-mile family; they are far tin- 
most destructive of all Acarina. swarming in count le.ss numbers and 
devouring hay, cheese, di-ugs, growing plants and roots, at. ; the 
genus Gbjciphajus contains many singular and interesting foi-ms, as 
0. plalygasUr and G. Kramer'i, found in moles' nests. It is in this 
family that tlie curious hypopial stage exists ; some of the indi- 
viduals of some species, instead of following the ordinarv life Instory, 
are (dianged at one ec<lysis into a totally different -looking creature, 
with a highly cliitinisVl c\iticle and rmlimeutary moutli-organs, 
which c<ui endure draught and oilier uiifavour.ahle circumstaneos 
which w'ould kill the ordinary form. They attain the saine adult 
stage as other individuals. The iljpopns is provided with adheshe 
suckers wherehv it attaches itself temporarily to other creatures, and 
this serves for the distribution of the species. 

The Tarsonemidw are minute creatures, some leaf-miners, some 
parasitic on bees itc. 

The SarcoptkUa are divided into two great sub-l'amilies, tlnySio-- 
<'OpUu(f', or itch-mites, of which the well-known .Sareojdes scakiei of man 
(Plate XXil,fig. 4) is the tvpe,and theff/?^//r'«ni(/^or bird-parasite 
mites; all have soft bodies 'with finely striated (aiticles. Sarcopies 
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scahiei is a minute crejvture of almost circular form, tlie female of 
which burrows under the epidermis, causing the disease. The mite is 
found at the end of the burrow, not iu the pustule at its eomnieuce- 
ment. The first two pairs of legs aiul the tliird log of the male 
are terminated by suckers, the other legs by long bristles. The 
male is smaller than the female. The Anahjeslmf'. {Dennakichi) are 
a very large and ciudous group ; the males often differ gr^eatiy from 
ihe females, and the skin is often greatly strengthened by chitinous 
plates and structures. The species are not always parasitic on one 
bird only ; often t]\e same species may be found on numei-ous binls. 
while several species frecpiently live on tlie same bird ; they are not 
usually supposed to be injurious to the birds ; they are found on tlic 
feathers. 

d'lje VlujtopiUhe. are extremely minute creatures liyiug in galls 
whicli the}’ foiau on the leases and twigs of numerous tree.s and 
plants ; they are elongated iu form with the Iavo hind ’[riirs of legs 
abortiye ; there i.sl nit little variety among them. Slightly resem 
bling them in general form. Imt very different in otiier respects, i^ 
OeiiKxlex JoUIcnlonttii . wlilcli is found in tlie sebaceous follicles of 
the human skin, particularly the nose. Those foiliedes, wliich arc 
enlarged and whiti.sh wuth a terminal exterior Idack spot, may he 
forced out by imessure, and the AcuJVfs will often be found within, 
Similar parasite.s exist on the dog and pig. 

Tliere are numerous other curious and ijiteresting forms which 
cannot be included in any of the families mentioned above. 

The number of objects furni.shed to the micTo.scopist by the 
spider tribe is very Inige from a biological point of view, altliough 
mere objectM of microscopical interest ]X)pularl}' are not so numerous 
as iu insects. Their eyes exhibit a condition intermediate between 
that of insects and crustaceans and that of vertebinta, for they are 
.simple like the ‘ steiiimala ' of the former, usually number from six 
to eight, are sometimes clustered together in one mass, but move 
frequently disposerl separately ; while tlie}' present a decided ap- 
proach in internal structure to the type characteri.stic of the visual 
oi'gans of the latter. 

■fhe structure of the mouth is aluays maudibulate, and is less 
coinpUeated than that of the maudibulate insects. The resjiii’atory 
apparatus is nut tracheal, as in insects and some Ac/irina. but is 
constructed upon a very different plan, for the ‘ stigmata,’ which 
are usually four in number on each side, 0})en upon a like mnnher 
of respiratory sjicculi, each of which contains a series of leaf-like 
folds of its lining mendorane upon wliich the blood is distributed so 
as to afford a large surface to the air. 

In the structure of the limbs, the principal point wortliy of 
notic'e Is tlie peculiar appendage with which they usually tenninfitc. 
for the strong claws, with a pair of which *the last joint of the 
foot is furnished, have their cdge.s cut into combdike teeth, which 
appear to be used by the animal as cleansing instruments, and in 
many ca.ses for the nianijmlatiuii of the silk of tlieir snares. But 
feature deserving study by the micro.scopist is the physical cause i>t 
the exquisite sensitiveness of these ‘ feet,’ By resting these upon n 
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Fig. 74y. — Foot, witli conib-lilv'c tltuv.-j, of the 
common spidei iKjM’im). 


trap-line of .silk earried to lier den, slie can, by a ^’el'it^^ble telegrapliy. 
discover in.stnntly, not only the fact that there is prey upon lier 
snare, but tlie exact spot in the we)) of the sn!\re in wliicli that 
prey is entangled. In the same way. by .seizi^ig certain tightly 
stretched threads coinniunicating with tlie main lines of tlie .snare, 
she Will discover in an instant the pi'(‘scnce and [losition of her prey, 
though far beyond the reach of vision. 

The most characteristic and interesting {wrt in thf' special 
orffanfsaiiou of the spider is tlie ‘spinning apparatus,’ by means of 
which its often elaborately 
constructed webs are pro- 
duced. These consist of 
‘spinnerets’ on the ex- 
terior of the body and 
glandular organs lying 
^vitliin the abdomen; it is 
hy them that the silk from 
which all tlie elements of 
the snare are produced is 
secreted. 

Of these glands thei‘e 
are two pairs which are 
sac-like in form, with a 
coiled tube opmiing di- 
rectly on the spinnerets : 
ihere are three pairs, of a comolnted appearance, opening on the 
hinder .spinnerets; ami there are three of a sinnoics tubular form 
opening on tlie hinder and middle spinnerets. Beyond tliese tliere 
■ire r-espectively 200 and 400 smaller glands, which open on the 
front middle, and hinder spinnerets. They all terminate in tubes 
of great delicacv, through whicli tlie .dlk is drawn at the will of the 
^.pinster; ami, “while the scaffolding or framework of the web ot 
kpeira is double and hardens ra]ii(lly in air (hg, 750, A), those winch 
lie across the polygons of 

the scaffolding are stud- A — — 

(led at regular intervals 
with viscid gloV>ules, as 
seen in fig. 750, B; and 
it is to these viscid glo- 
bules that the peculiarly 
adhesive cliaracter of the 

"''Vhe^usMal number of the spinnerets is six. They 
like processe.s miwned witli silk tubes. lee .ue '.n-niv 

will of the spider, and can be erected or depressed, and om. m , 
or all of the tubes eroenun^o a .spinneret map j' 

and hii\-e drawn from it or them the silk as the spn 
There can be no doubt that there is a .hlierenoe ... the 
bp diiferent glands, and its appropriate empojincn s . }< 
the skill of the spider, , uussk* 

It is certain lliat the silken threads of a snare art ot two kmd., , 


Fui. T-jO.— Onliiuirythvead ■ A) and vUcid 
Uireivl (Bi ot the coiiunou spider. 
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(1) that which rapidly hardens on contact with the air, and wliiclt 
is employed in the construction of the framework of the snare; air] 

(2) i\ viscid silk with which the enUngling meshes by which prey is 
caught are put in. The latter present beautiful objects for popubr 
observation, because the thread has strung upon it, as it w’ore. 
innumerable pearMike globules in which the viscidity remains. 
These beads are produced after the thread is drawn out by ii 
special vibratoiy action set up in the thr'ead by the spider. 

The eggs of spiders are not objects of special optical interest, 
blit they afe>rd oppoi'tunities for good embi-yological work,^ and the 
habits of spiders offer a good scope for industrious study in the Held.' 

^ See the work of Kitihinouyi in Jotirn. Coll. Sci. Imj). Univ. Japa)i, vol. iv. 

- See paniciilarly McCook’s Auienmn Spiders and their Spinning \Vorl\ 
Philodelphiii, 18S9 aotl 1890, and the various papers of Mr. and Mrs. Peckham in the 
American journals. 
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YEB T KB KA JED A MM A E S 


We are now arrived at the higliest division of tlie ;iiiinial kiinnloin 
in which the bodily fabric attains its greatest development, nofonly 
as to completeness, but also as to size; and it is in most strikin'>- 
contrast with the class we Iiavc been last consiflering. ^mce not 
only the entire bodies of veitebi'ated animals, but, generally speak - 
ing, the smallest of their integral parts, arc far too large to be viewed 
as microscopic objects, we can study tlieir structure onlv )>v a 
separate examination of their comjionent elements; and it seems, 
therefore, to be a most appropriate course to give under this liead a 
sketch of the microscopic cliaracters of those j/rhmr)/ tissues of 
which their fabric is made u}), and which, although thev mav be 
traced with more or less distinctness in tlie lower tiibes of animals, 
attain tlieii' most complete development in this groupd 

Although there would at first sight appear hut little in r:ommon 
between the .simple bodies of tliose hiimlde Protozoa which con- 
stitute the lowest types of the animal series, and the comj)lex 
fabric of man or other vertciirates, yet it seems certain tliat in 
tlie latter, as in the former, the process of ‘ formation ’ is essentially 
carried on by tlie instrunientalily of jfyotoplasiuic sulfsiaucey univer- 
sally diffused thioiigh it in sucli a manner as to bear a close resem- 
blance to the pseudopodial network of the rhizopod ; whiEt tlu‘ 
tissues produced by its agency lie, as it were, on the outside of 
this, bearing the same kind of relation to it as the foi'aminiferal 
shell does to the sareodic sulrslaiiec wliicli fills its cavities and 
extends itself over its surface. For, as was first pointed out by 
Hr. Beale, 2 the smallest living A'lemcntary part’ of every organised 

’ This sketch is intended, not for the professioiml studenl, hut onlj- for the 
amateur uik'roscoi>ist who wishes to gain some general idea of the elementary struc- 
ture of his own body and of that of vertebrate animals generally. Those wlio wish 
to go more deeply into the inquiiT are referred to the following. The translation of 
Strieker’s Manual of EEustologij] publislied by the Mew Sydenham Society; the 
translation of the 4th edition of Professor Frey's Hhtoloiuj and lEiHto-Chenmtry of 
Matt ; the ‘ General Anatomy ’ of the lOtli edition of Anaiunn/, 18hS, by 

Professor Schafer; and the Atlas of Hist ologi/, by Ibr. Klein and Mr. Noble Smith. 

• Professor Beale’s views are most systematically ex])ouiKlc'd ill his lectures Oil the 

i^tnidiire of the Eissues of the Hiifnau Body, ISill ; in his How fq U'oi'h 

with the M'fC)mevj.>(‘, utli edition, issO; aiul in tlie introductory portion of his new 
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fabric is composed of organic matter in two sLites : the protophismic 
(which he termed yer mined mitter)^ possessing the power of selecting 
pabulum from the blood, and of transforming this either into the 
jiifiierial of its own extension or into some product which it 
elaborates ; whilst the other, which may be termed formed 'medenai 
may present every gradation of character from a mere inorganic 
deposit to a highly organised structure, but is in every case altogether 
inciipuble of self-increase. A very definite line of demarcation caa 
be generally drawn bet^veen these two substances by the careful ust* 
of the staining process ; but there are many rnstarrees iir which theia- 
is the same gi’adation between the one and the other as we liave 
formerly noticed between the ' endosarc ' and the ' ectosarc ’ of the 
Anuehd. Thus it is on the pr-otoplasmic coinpoirent tliat the exist- 
ence of every form of animal orgaiiis;itioir essentially depemis: 
since it serves as the instrument by which the nuti'ient material 
furiiislied by the blood is converted into tlie several forms of tissue, 
Like the sarcodie substance of the rbizopods, it seems caj>able of in- 
definite extension ; and it may divide and subdivide into indepeii<l- 
ent portions, eacli of whicli may act as tire [irsfrument of foianatioii 
of an ^ elementary part.’ Two jirincipal forms of sncli elementarv 
parts present tlieinselves in the fabric of the liigher animals, 
viz. cells and fbi'es (which are modified cells) ; and it will V>e 
desirable to give a brief irotice of these before proceeding to descrilie 
those more coiiH)lex tissues which are the products of a higluu- 
elaboration. 

Tire celh of which :i few animal tissues are essenfhdly composed 
consist, in some cases, of the same parts as tlie typical cell of the 
plant, viz. a definite ‘cell-wall,’ inclosing ‘cell-contents’ and a 
‘ nucleus,’ which is the seat of its formative activity. It is of such 
cells, retaining moi'e or less of their cliaracteri.stic spheroidal shape, 
tiiat eveiy mass of fat^ whether laige or small, is chieli\' made rrp. 
In a large numlier of cases the cell shows itself in a somewhat 
different form, the ‘ elementary part ’ being a corpuscle of proto- 
plasm of wliich the exterior has undergone a slight consolidation, 
like that which constitutes the ‘ primordial utricle ’ of the vegetable 
cell or tlie ‘ ectosjirc’ of tlie Anueba, but in wliicb there Is no proper 
distinction between ‘ cell-wall ’ and ‘ cell-contents.’ This condition, 
which is charactei'istically exhibited by the nearly globular 
corpuscles of the blood, appears to be common to all cells in the iu- 
cipnent stuge of their formation, and the jirogress of their clevelo}i- 
ment consists in the gradual dijfh'e.niiatiou of their parts, tlie ‘cell- 
wall ’ becoming distinctly separated from the ‘ cell-contents,’ and 
these from the ‘n\icleus,’ and the original protoplasm being very 


edition of Todd and Bowman's Physiological Anatomy, 13(57. The prluclpal results 
of the iiiquiriesi of (lerman hiatologists on tliis point are well stated in a paper by 
Dr, Duffin on ‘ Protoplasm, and the Part it plays in the Actions of Living Beings' in 
Quayi. Jourii, Microsc. Sri. n.s, vol, iii, 18(5:5, 2 V 251, The Author feels it neressarv, 
however, toe.xpress his dissent from Professor Beale’s views in one important particular, 
viz. his denial of ‘ vital ’ endowments to the ‘ formed material ’ of any of the tissues : 
since it seems to him illogical to designate coiilrautile muscular fibre {for example' 
as ‘ dead,’ merely because it has not the power of selt-repaiatLon 
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coiiimonl}^ replaced more or less completely by some special product 
^sach as lat in the cells of adipose tissue, or haaiioglobin in tla^ red 
corpuscles of the blood), in wbich oases the nucleus often disappears 
altogether. In the earlier stages of cellMlcvelopment multiplication 
takes place with great acti\ity by a duplicatiye subdivision that 
corresponds in all essential particulars witli that of the plant-cel) 
as is well seen in cartilage, a section of wliidi will often exhibit in 
one view the successiye stages of the process^ Whether ^ free ’ cell- 
multiplication ever takes place in tlie liigher animals is at present 
uncertain, ‘ 

A large part of the fabric of the Ihglier ouimals is made nj} of 
fibrous ti.s.siies, which serve to bind together tlic otlau' components, 
and which, when consolidated by calcareous deposit, constitute tie 
substance of the skeleton. In these the relation of 'the 'terminal 
matter ’and the ‘formed materlar presents itself under an asjtect 
which seems at first sight very different from tint just dcsci-ibed. 
A ctiTfifnl examination, however, of those 'connective tissue cor- 
puscles ’ that have long been distinguished in the midst of tin? fihi-es 
of which these tissues are made up, shows tliat they mv. the e«[ui- 
valents of the corpuscles of ' germinal matter,' which' in the previous 
instance came to constitute cell-nuclei, and tliat the tilu t's liold the 
^same relation to them that the 'walls’ and ' contents' of cells do to 
their germinal corpuscles. Tlie, transition from the one ty|ie to the 
other is well seen in fihro- cartilage, in which the so-called ' inter- 
cellular substance’ is often as fibrous as tendon. Tlie difference 
between the twx) types, in fact, seems essentially to consist in this, 
that, wdnlst the segments of 'germinal matter’ which form the cell- 
nuclei in cju'tilage and in other celluhir tissues are coinpletely 
isolated from each other, each being completely surrounded by the 
product of its own elaborating action, those wliicli form the 'con- 
nective-tksue CM'pnscles ' are connected together by radiating ])ro- 
longations that pass between the fibres, so as to form a con- 
tinuous network <‘losely resembling that foi'med by tlie pseiuio- 
[)odi<a of the rhizopod. Of this we luue a most beautiful example 
in bone ; for whilst its solid substance may be considered as 
connective tissue solidified by calcareous (le])Osit. the 'lacuna;*' and 
'canaliculi’ wdiich are exca^ aied in it (fig. 752) give lodgment to a 
set of 1 ‘adiating corpuscles closely resembling those just described ; 
and these arc centres of ‘ germinal matter,' u Inch ap[)ear to have an 
active share in the formation and subsef[uent nutrition of tlie osseous 
texture, Jn dentine (or tooth-substance) we seem to have another 

’ Great attention has lately beeii by many able observers to the changes 

wliicli take place in the um'IcHfi before and during its cleavage. A full account of 
these IS contained in Professor fitras.sbnrgpi''s /efibilih.infi nnd Zrllthcilion/, 1880. 
8ee also Dr. Klein’s ‘ Observations on the Structure of Cells and Nuclei’ in Quart. 
Ji)ur}t. Microfic. Sci. 11. s. vol. xviii. 1878, ]>. 315, and vol. xix. IBTSl, pp, 1*25, t04; and 
chap. xliv. of his .li'fo.s of Histotog!/. The numerous essays of Flemming, in the 
-frrkiuj. iitiJir. Anaf. from 1875 to IStlO; Gruber, on the Nucleus of Protozoa, in vol. xl. 
of ihe Zritsrhr. f. ItVss, Ziiolr, and Canioy, in Lii Ci.‘Uuh\ may be studied by those 
who desire to carry further the history of the cell. A rennirkablj? series of observa- 
tions have followed the publication of Professor E. van Benedim’s work on the egg 
"f Ascaria megnJact'^ihala in liuU. .Aeaih Itog. ,SV/. Bdg. xiv. pp. iil'j-O'). 
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i ).'iu i)f tlie same thing, the waits of its ‘tulnili' and the 
tubular substance’ being the ‘formed material’ that is prorluceil 
from thread-like prolongations of ‘germinal matter’ issuing fiom 
its p\dp, and continuing during the life of the tooth to oc-riipy its 
tubes ; just as in the Foraminifera we have seen a minutely t.uTiuhn- 
structure to be formed around the individual threads of sarcxxh^ 
which proceeded from the body of the contained animal. It mav 
now be asserted, indeed, that the bodies of even the highest animal'; 
are everywhere penetrated by that protoplasmic substaime of whirl i 
those of the lowest and simplest are entirely composed ; and that 
this substance, which forms a continuous network through almost 
every portion of the fabric, is the main instrument of the formation, 
nutrition, and reparation of the more specialised or differentiated 
tissues. As it is the purpose of this work, not to instruct tlir 
professional student in histology (or the science of the tissues), 
but to supply scientific information of general interest to the 
ordinary microscopist, no attempt will here he made to do moce 
than describe the most important of those distinctive character.'; 
which the princip\l tissues present when subjected to micTOscopii- 
examination ; and as it is of no essential consequence what order is 
adopted, we may conveuieiitly begin with the structure of the 
skeleton,^ which gives support and protection to the softer ]>arl,s of 
the fabric. 

Bone. — The microscopic characters of osseous tissue may some- 
times be seen in a vei-y thin natui-al plate of bone, such as in tint 
forming the scapula (shoulder-blade) of a mouse; but they are dis- 
played more pei'fectly by artificial sections, the details of the an-ange- 
ment being dependent upon the nature of the specimen selected and 
the direction in wliich tlie section is made. Tlius when the shaft of 
a ‘ long ’ hone of a bird or mammal is cut across in the middle of its 
leiigtli, we find it to consist of a hollow cylindei- of dense Lone, 
surrounding a. cavity which is occupied by an oily man-ow; bat if 
the section be made nearer its exti-emity we find the outside wall 
gradually becoming thinner, whilst the interior, instead of forming 
one large cavity, is divided into a vast number of small ehauiher.><. 
partially divided by a sort of ‘lattice work’ of osseous fibres, hut 
communicating Avith each other and with the cavity of the shaft, 
and fille<l like it with marrow. In the bones of reptiles and fishes, 
on tlie other hand, this ‘cancellated’ sti-ucture usually exteud> 
throughout the shaft, which is not so completely difiereniiated into 
solid bone and medullary cavity as it is in the higher Vertebrata. 
In the most developed kinds of ‘ flat ’ bones, again, such as those ot 
the Itead, we find the two surfaces to be composed of dense plates ot 
bone, with a ‘ cancellated ’ structure between them ; whilst in t he less 
perfect type presented to us in tlie lower Vertebrata, the wlioU- 
thickness is usually more or less ‘ cancellated,’ that is, divided u)' 
into mhmte medullary cavities. When we examine, under a low 
magnifying power, a longitadiiMil section of a long iHMie, or a section 

> This term i.s used in its most general sense, as including not only the prop.'*' 
internal skeleton, but also the hard parts protecting the exterior of the body, whi*.'!' 
form the <lermal skeleton. 
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„f .a lat bone j>arnlkl to its surface, ,ve Kn,| it traversed by mnuerou, 
canals termec after their discoverer Havers, u hieli are in 

tonnection with he central 

In the shaftsof long bones ti.ese cauals usually run in the direction 
of their '•'"f-'t b but are connectcl here ai„l there bi' eross-btanche.s ; 
whilst in the flat bones they form an irregular network. ( )n annlv’ 
tng a higher magnifying iiower to a thin (ruasrrr*. section of a lo. o 
Ixine we obsen e ha each of the canals whose orifices pre.sent thenn 
.selves m the field of view (fig. f.tl) is tl,e centre of a rod of bonv 
tl.s.sue (l ), usually more or less circular i„ its form, which is ar, aimed 
arouuil It 111 fonceutrie rings, resembling those .,f an cvoocons 
stem. These rings are marked out and divided bv circles of little 
, ark spols, which, when closely e.vainincd (2). arc .seen to he minule 
tlattened cavities excavated n, the solid .s,,!, stance of the bone, from 
the two flat sides ot ^v hieh 
pass foi'tli a number of 

extremely minute tul)ules, 

one set extendinj^ i nw'a rds, 

or in the direction of the 

oeiitre of the system of 

ringsS, and the other out- VI'f'GA 'i' ■' 

wards, or in the direction ^ ~ 

of its eirciimfei'enee ; and 

by the inosculation of the 

tubules (or caiialicuU) of / iQ 

the different rings with ; 

each other a continuous '■ 

communication is esta- * '/ 

iilislied between the cen- Fig. Vol.-Mimito si nature uf bone as sten in 

tial Haversian canal and transvci'sH section: l, a rod siirrounain<T an 

the outermost part of the -t the enueentric 

, 1 T t iwniiigeincut o£ the liuiiellie; “2, the. Slime, Wilh 

hoiiy rod tliat surrounds the laouiue and canaliculi; 4, portion of the 
it, w’hicll doubtless minis- lamellie parnlld willi the eNtenuU surface, 
ters to the nutrition of 

the texture. Blood-vessels are traceable into the Haversian (‘amds, 
but the ‘ eanaliculi ' are far too miiuile to can y l.)lood-eoi'pu.scles ; they 
are tK-cn])ied, liow'ever, in the living hone liv threads of protoplasmic- 
substance. w*hicli bring the segments of • germinal matter ’ contained 
in the laeume into communication with the walls of the blood- 
\’essels. 

The minute ('avitie.s or lac n/((i‘ from \vhich (lie eanaliculi proceed 
(%• 752) are highly character^ stic of true osseous tissue, being never 
deficient in the minutest parts of the bones of the higher Vertebrata. 
although those of fishes are occasionally destitute of them. Tlie <lark 


IG. 751, — MiiiiitH slniftiire tj{ bone as seen in 
trail >, verse secticni : 1, a rod surroundin'^ an 
Haversian canal, H. sliowinj^ the coutentric 
ariangciiiL'ut o£ the lainellie; 2, the, same, with 
Uic laouiue and eanaliculi; 4, portion of the 
lamellie parallel with the cvtenial surface. 


appeavunee which they pi-esent in >ections of a dried hone is not due 
U) opacity, but is simply an optical eftect. dependent (like the black- 
ness of air-bubl)les in liquids) upon the disjiersiou of the ray.s by the 
liiglily i-efracting sulistance that surrounds them. The size and 
Ibrni of the laeume differ considerably in the several (*la.s.ses of Ver- 
tebrata, and even in some instances in the onlers. so that it is often 
possible to determine the groii]> to which a bone belonged by the 



1022 


VEIiTEBRATED ANIMALS 


microscopic exannnation of even a minute fragment of it. The 
following are the average dimensions of the lacunfc, in characteristic' 
examples druwn from four ](riucipal divisions, expressed in fractions 
of an inch : — 


Long Diameter 
Man . . 1-1440 to 1-2400 

Ostrich . 1-1333 „ 1- 2250 

Tartle . . 1-375 „ 1-1150 

Coiif^er-eel . 1-550 „ 1-1135 


Diameter 
1 4000 to 1-8000 
1-5425 „ 1-0650 
1-4500 „ 1-5840 
1-4500 „ 1-8000 


The lacunte of birds are thus distinguislied from those of mam- 
iimls by their somewhat greater length and smaller breadth, Imt 

they differ still more in the 
remarkable tcirtuusity of tbeir 
canaliculi, which wind biu-k^ 
wards and forwards in a vei v 
irregular manner. There is an 
extraordinary increase in lengtli 
in the lacuna? of reptiles^ witli- 
out a corresponding increase in 
breadth ; and this is also seen 
in some fishes^ though in ge- 
nei'al the lacuna? of the latter 
are remarkable for their angularity of form and tlie fewness of their 
radiations, as shown in hg. 75d, which represents the lacuna*, and 
canaliculi in the bony scale of the (‘ bony pike ’ of ihe 

North American lakes and rivers), with which the bones of its iie 
ternal skeleton perfectly agree in structure. The dimensions of tlie 
laciui-e in any bone do not bear liny relation to the size of tlie animal 



F IG. 752. Lacuna of oriseous substance : 
a, central cavity ; b, its ramificatious. 



Fig, 753.— Section of tlie bony scale of LtpiflosienH ; a, sliow- 
iug the regular distribution of the lacunuft and of the coimecbing 
canaliculi ; b, small portion move highly magnified. 


to which it belonged ; thus there is little or no perceptible difference 
between their size in the enormous extinct Igiianodoii and in tin* 
smallest lizard now inhabiting tlie earth. But they bear a close rela- 
tion to the size of the Vilooil-corpuscles in tlie several classes; and 
this relation is particularly obvious in the ‘ pcrennibranchiatc' 
Batrachia, the extraordinarily large size of wliose blood-corpuscles 
will be presently noticed. 
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l.ong Diameter 
Proteus . . 1 570 to 1-0x0 

Siren . . 1-200 1 480 

Menopoma . 1 450 „ 1-700 

Lepidosiren . l-OTo „ 1-404 

Pteroclactyle . 1-445 ,, 1-1185 


Short Diameter 
1-885 to 1-1200 
1-540 1-975 

1 lOOO 1-2100 
1 080 „ 1-2200 
1-4000 „ 1-5225 * 


Tn prep^irmg sections of bone it is inipoiOnnt to avoid the inaie- 
tration of the Cmmda balsam into tlie iuterioi- of tlic lacume and 
canahculi, since when tliese are filled bv it they become almost 
invisible. Hence it is preleiuble not to ein[ilov tiii.s cement at all 
except it may be in tJie first in.stance, but to rub down the section' 
beneath the finger, guarding its surface with a slice of cork or a slip 
of gutta-percha, and to give it .such a i)olisli tliat it may bo seen t!) 
advantage even when mounted dry. As the polishing, however, 
occupies much time, the benefit which is derived from cuverinij the 
surfaces of the specimen with Cauatk balsam mav be olitaiiied 
without the injury resulting from the penetration of the balsani into 
its interior, by adopting the following, method. A cpiantitv of 
balsam proportioned to the size of tlie specimen is to be s])read iipon 
a glass slip, and to be rendered stiffor by boiling, until it becomes 
nearly solid when cold; the same is to b(^ done to the thin ‘d;,ss 
cover ; next, the specimen being placed on the Ijakuiied surface of 
the slide, and being overlain by the balsaiiied cover, sucli adcgiaa^ of 
warmth is to be applied as will suflkx^ to litpiefy tlie balsam without 
causing it to flow freely, and the glass cover 'is tlmn to be quickly 
pressed down, and tlie slide to be rajadly cooled, so as to give as 
little time as possible for the penetration of tlie liquefied balsam into 
the lacunar system. The .same method may be employed in making 
seedions of teeth. ^ The study of the ossein or organic basis of hone 
sliould be pursued by macerating a fresh bone in dilute nitro-hvdro- 
cliloric acid, then .steeping it for some time in juire water,' and 
tearing thin shreds fi'oni the I'esidnal .substance, which vill be 
found to consist of an imperfectly fibrillatcd material, allied in its 
es.sential coiistituf ion to the ^ iihite fibrous’ tissue. 

Teeth. — The intimate .structure of the teeth in tlie several chesses 
and 01 ‘der.s of Yertebrata presents diflereiices which are no less 
remarkable than those of their external form, arrangement, and suc- 
cession. It will obviously be impossible liere to do more than sketch 
some of the most important of tliese varieties. Tlie priucijial jiart of 
the substance of all teeth is made up of a solid ti.ssue that has been 
appropriately termed (hnlim. In sharks as in many other fishes 
the general structure of this dentine is extremely similar to 
that of bone, the tooth being traversed by numerous canals, which 
are continuous with the Haversian canals of the .subjacent bone, and 
receive blood-vessels from them (fig. 7o4), while each of these canals 


* See Professor J. Qnekett’s memoir 011 this subject in the Tram. 3/(rro.?c. Soe. 
Btr. i. vol. ii. ; and his more ample illustration of it in the IlhialniteAl Caluloijne of 
the Histologiml Callection in flic Museum 0 / the iioijal College of .'surgeons, 
vol. ii. 

- Some useful hints on the mode of making these preparations will be found in 
the Quart. .Journ Microsc. Sci. vol. vii, 1859, p. 258. 
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is suiTOundcd by ii .system of tubuli (fig. 755), which radial, e into 
the surrounding solid substance. These tubul i , however, do nut enter 
laeunfe, nor is there any concentric annular a iTangement around the 
inedullary canals ; but eacli system of tubuli is continued onwards, 
through its own division of the tooth, the individual tubes sometimes 
gi\ iiig off lateral branches, whilst in other instances their trunks 
bifurcate. This arrangement is peculiarly w’ell displayed, wdieii 
sections of teeth euTisti' acted upon this type are viewed as opiupic 
objects (fig. 756). In the teetli of the higher Vertebrata, however, 
we usually find the centre excavated into a single cavity (fig, 757). 
and the remainder destitute of vascular canals ; hut there are inter- 
mediate cases (as in the teeth of the great fossil sloths) in which tin- 
inner portion of the dentine is traversed by prolongations of this 
cavity, conveying blood-vessels, which do nut pass into the exterior 



Fio. 751.— Poi'peiicliculiiv section of Fiii, 755.— Transverse section of j)or- 

tootU of La tuna, nioderately en- tion of tooth of Pivaf/s, more highly 

Urged, showing network of me- inagiiitied, showing orifices of me- 
dullary canals. ' dullary canals, with systems of 

radiating and inosculating tubuli. 

layers. The tubuli of the ‘ non-\ascular’ dentine, which exists by 
itself in the teeth of nearly all mammalia, and wliicli in the elepliaiit 
is known as ' ivory,' all radiate from the central cavity, and puss 
toward, s the surface of the tooth in a nearly parallel course. Their 
diameter at their largest part averages of an inch; their 

smallest brajiclies are immeasurably fine. The tubuli in theii' ci.nirse 
present greater and lesser undulations ; the former are few in number, 
but the latter are numerous ; and as they occur at the same part of 
the course of several contiguous tubes they give rise to the appearance 
of lines concentric with the {’entre of radiation. These ‘secondary 
curvatures’ probably indicate in dentine, as In the crab’s shell, suc- 
cessive stages of calcification, The tubuli are oe(‘upied, during the 
life t)f the tooth, by delicate threads of pi'otoplasmic .suh.stauce, ex- 
tending into them from the central pulp. 

Two other substances, one of them harder and tlie other softer 
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than dentine, .are frequently fomnl assoeinted witli it; the funner is 
termed emmel, and the latter <mmann^ or crnda petrosa. Tlie omrod 
is composed of long prisms, closely resembling tl lose of tlie ^ prismatic ’ 
shell-substance formerly described, but on a far more ]]dnute scale the 
diameter of the prisms not being more in man than^J;„tli of an 
inch. The length of the prisms corresponds with tlfe’ thickness' of 
the layer of emimel ; and the 


two surfaces of this layer pre- 
sent the ends of the prisms, 
the form of which usually ap- 
proaches the hexagonal, Tlie 
course of the enamel prisms is 
more or less wavy, and they 
a re marked by numerous tra ns- 
verse stria?, resombliiTg those 
of the prismatic shell-siih- 
.stance, and probably origina- 
ting in the s.amB cause- the 
( ■oalescenceofa series of sliortcr 
prisms to form the lengthened 
prism. In man and i]i car- 
nivorous animals the enamel 



Fig. ToS.— Ti'ansvt.‘i-SG section of tor>tli of 
Mipiohati-fi ieiiglc niY), viewed an 


covers the crown of the tooth «paquc citject. 


only, with a simple cap or 
superficial layer of toleiably 
iiaiform thickness (fig. 757, n), 
which fo] low's the surface of 
the dentine in tdl its inequali- 
ties ; and its component pri.sms 
are directed at riglit angles to 
That surface, theii' inner ex- 
tremities resting in sliglit but 
regular depre.ssions on the ex- 
terior of the dentine. In the 
teeth of many herbivorous 
animals, however, the enamel 
forms (with tlie ceraeiitum) .a 
•series of vertical plates which 
dip down into tlie substance 
of the dentine, and present 
their edges .alternately with it 
at the grinding surface of the 
tooth ; and there is in such 
teeth no continuous ku’er of 



Pj,;, 7,^7.— Vertical rfcelion of liunuii molar 
tootli ; e, enamel; ccmeimiiii or crusta 
lic'trosii; c, aenhDc of- ivory; oaM>ons 
L'xcrescence arij^iiic' Item liy[RTtroi>liy of 
cemeiitum ; r,inilp-cavity ; os>^l‘OUs lacvmu' 
at. outer psnt of dentine. 


eiiatuBl over the crown, This 

ariangement provi<les bv the unequal nl tiiese thiee su n 
Hances (of which the enamel i.s tlie hardest, and tlie^cemeiitum the 
softest) for the constant maintenance of a rough .surface, ’^dajdca 0 
triturate tlie tough vegetable sulistance.? on wldch these animals lecd. 
Though the enamel is not .always present, it has been shown by .Ur. 
Charles Tomes that the germ from which it is formed always appears 
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ill the embryonic tootii ; and he has further shown that it is much 
more frequently present than used to be supposed. Tlie cenieMuni, 
or cruda petrosa, has the characters of true bone, possessing its dis- 
tinctive stellate lacuna* and radiaf-ing canaliculi. Where it exists 
in small amc^iit we do not hnd it traversed by medullary itanals ; 
l)ut, like dcntihe, it is occasionally furnished with them, and thus 
resembles bone in every particular. Tlie.se medullary canals enter 
its substance from the exterior of the tooth, and cousecpientlv pass 
towards those ivliich radiate fi‘om the ceiiti'al Ciivity in th(^ direction 
of the surface of the dentine, w^here this possesses a similar vascu- 
larity, as ivas remarkably the case in the teeth of the great extinct 
.\fegatherlum. In the human tooth, however, the cementum ha.s no 
such vascularity, but fonas a thin layer (fig, 757 , ^), which envtdop(*s 
Ihe root of the tooth eommeneing near the termination of tlie cfiji 
of enamel. In the teeth of many herhivoi'ons mainnads it <li}K 
dowui with the enamel to form the vertical plates of the intoi-ior of 
the tooth ; and in the teeth of the Edentata, as well as of inanv 
reptiles and fi.s)ies, it forms a thick continuous envelope over the 
whole siirfiice, until worn away at the crowii.^ 

Dermal Skeleton. — The skin of fishes, of a few' amphibians, of 
most I’eptiles, and of few’ mammals, is strengtheiiexl by })lates of a 
liorny, cartilaginous, bony, or even eiiaiuel-like texture, which are 
sometimes fitted together at tlieir edges, so as to form a continuous 
box'like envelope; w’hilst more commoiily they are so iUTaiiged as 
partially to overlie one anothei', like the tiles on a roof; au<l it is 
in this latter ease that they ai'C usually known as ^Althougli 

we are accustomed to associate in our minds the ‘scales’ of fislics 
with those of rejitiles, yet essentially different structures hax'e lieeii 

included under this name, 
tliose of the former and of 
many of the latter lie i rig 
devolo|ied in the sahstano’ 
of the true skin (w’itli a 
layer of wliich, in addithm 
to the epidermis, they ai-c 
always covered), and bear- 
ing a resemblance to car- 
tilage and bone in their 
Fio. 758.-Portion of skin of sole, viewed as an and composition ; 

opaque object. W’hilst others, such as the 

sc'ales of snakes or the toi-- 
toise-shell, are formed upon the suvfnce of the true skin, and arc 
to be considered as analogous to nails, hoofs, cVc. and other ‘epi- 
dermic appendages.’ In nearly all the existing fishes tlie scales are 
flexible, being but little consolidated by calcareous de^xisit; and in 
some specie.s they are so thin and transparent that, as tlnw do not 
project obliquely from the surface of the skin, they can only lie 
detected by raising the supeificial layer of the skin and seareliing 

‘ The student is reccuirmended to consult Mr. C. 8. Tomes’s Manml of Dvnia^ 
Anatowy, Human and Comparative, 
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beneath it, or by tenrin- oft' t.he entire thickness of the skin mui 
looking for them neiir its iui<ler .surface. This is the case Ibi- 
example, with the common tnid ^vit.h the iinparoi(^i hlmsvf\ of 
either of which hsh the skin is a very interesting object when dried 
and mounted in Cmindf^ hal.Siun, the scales being seen imbedded in 
its substance, whilst its outer surfiice is studded with pigmcnt-celLs 
Generally speaking, however, the post(wior exti‘emitv of each s<*a]('‘ 
projects obliquely from the gencwl surface, eanohig before it the 
tluii membrane that incloses it, which is studded with pigment- 
cells ; and a portion of the skin of almost anv tisb, but csj)e(‘ml]v of 
sii(h as have scales of the ctmuid kiiid (thar is. furnished at llicir 
[Mistcrior extremities with couili-like teeth, fig. 759), when dried 
with its scales ??? s\tu, is a very beautiful opaijiu' object for the low 
powers of the microscope (fig. 758), especially with the binocular 
arrangement. Care must be taken, liowevev, that the light is made 
to glance upon it in tiie most advan- 
tageous manner, since the brilliance 
which it is reflected from the comb-like, 
projections entirely deiiends upon the 
angle at which it falls upon them. The 
only apjxja ranee of structure exhibited ]>y 
the thin flat scnle of the cel, when ex- 
, -I mined microscopiciilly. is the })resenr‘e of 
a layer of isolated spheroidal traiispai'eiit 
))odies, imbedded in a [)late of like trans- 
parence ; these, fi'om the I’esearclies of 
Profe.s.sor W, U. Williamson ‘ upon otliei' 

.scales, aj)pear Jiot to be cells (as tliey 
might reaxlily be supposed to be), but con- 
cretions of carbonate of lime. When tlie 
scale of the eel is examined hv polai'ised 
ligiit its surface exliilnts a beautiful 8t. 

Andrew's cross ; and if a plate of .selenite „ , 

IS plimed behinn it, ami the analysing as <1 trcinsparent otjed. 
pi'ism be made to revolve, a remarkable 
play of colours is ])rpsented. 

In studying the .structure of the more Inglily de^■elope(l scales, 
we may take as an il lustra tir)n tliat of the ('arp, in which two very 
distinct layers can be miule out by a vertical section, with a third 
but. incomplete layer interposed between tlieui. The outer layer is 
composed of sevei'al concentric lamin;e of a structureless trans- 
parent substance like that of cartilage ; the outermost of thesi* 
Innitria? is the smallest, and the size of the plate.s increases [>ro- 
gressively from without inwards, so that their margins appear on the 
siirfiice as a. series of coiieenti-ic lines ; and their surfaces ai’e tlirown 
into ridges and furrows, which commonly have a. radiating direction, 
'fhe inner laver is composed of numerous laiuime of a fibrou.i 

^ See his elaborate ineinoii's, ‘On the Microscopic Structure of the Scales anU 
Dermal Teeth of some Gauoid andPItwoicl Fish,’ in Fhih Tthm, 1849 ; Iin esti- 
mations into the Structure and Development of the Scales and Bones of Fidies, in 
Fhil. Trans. 18,71. , ^ 
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structure, the fibres of each lamina l.>eing inclined at various angles 
to those of the lamina above and below it. Between these two layer.s 
is interposed a stratum of calcareous concretions, resembling tliose 
of the scale of the eel ; these are sometimes globular or spheroirlul, 
but more commonly ‘ lenticular/ that is, having the form of a double 
convex lens. The scales which resemble those of the carp in having 
a form more or less circular, and in being destitute of comb-like 
prolongations, are called cycloid) and such arc the diameters (*f 
those of the salmon, lieixing, roiich, &q. The structure of tlie ctemid 
scales (fig. 759), which we find in the sole, perch, pike, Ac., does not 
differ essentially from that of the cycloid, save as to the projection 
of the combdike teeth from the posterior margin ; and it does not 
appear that the strongly marked division which Professor Agassiz 
has attempted to establish between the ‘cycloid’ and the ‘ctenoid’ 
orders of fishes, on the basis of this diflfei’ence, is in harmony 
with their general organisation. Scales of every kind may become 
consolidated to a considerable extent by the calcification of their 
soft substiince ; but they never present any approach to tlie true 
bony structure, svuth as is shown in the two orders to be next juh 
verted to. 

In the (janoid scales, on the other liand, the whole substance of 
the sc'ale is composed of a maierial wliicli is essentially l)ony in its 
nature, its intimate stnictuie lieing always compirable to tiiatof one 
or other of the varieties which present themselves in the bones of the 
vertebmte .skeleton, and being very frequently identical with that, 
of the bones cd‘ tlie Siinie fish, as is the case with the Lepldosteus (fig, 
753), one of the few existing representatives of this oi'der, which, in 
former ages of the earth’s history, comprehended a lai'ge nnmber of 
important families. Their name (from ydro?, splendour) is bestowed 
on account of the .smoothness, hardnes.s, and high polish of the outer 
surface of the scales, which are due to the presence of a peculiar layei" 
that lias been likened to the enamel of teeth. ’The scales of this 
order are for the most part angular in tlieir form, and are arrangcil 
in regular rows, the posterior edge.s of each slightly overlapping the 
anterior ones of the next, so as to form a very complete defensive 
armour to tlie boily. The scales of the placoid type, which cliamc' 
terise the existing sharks and rays, witji their fossil allies, arc 
irregular in their shape, and very commonly do not come into iniitu:il 
contact, but are separately imbedded in the skin, projecting from its 
surfiice under various forms. In the rays each scale usually consists 
of a flattened plate of a rounded shajie, with a hard spine jirojertiiig 
from its centre ; in the sharks (to wliich tribe beloiig.s the ‘ dog-ilsh ' 
of our own coast) the scales have more of the shape of teeth. This 
resemblance is not confined to external form ; for their iiitiinato 
structure strongly resembles tliat of dentine, their dense substance 
being traversed by tuhuli, which extend from their centre to theiv 
circumference in minute ramifications, without any trace of o.sseous 
iacnna\ These tootli-like scales are often so small as to be invisible 
to the naked eye ; but tlioy are well seen by drying a piece of the skin 
to which they are iittaclied, and mounting it in Canada balsam; ami 
they are most brilliantly shown liy the as,sistance of polarised light. 
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A liko structure is founrt to exist in tlic * spijiy rays ’ of the dorsal fin. 
which, also, are parts of the dennal skeleton ; and tlieae rays usuallv 
have a central cavity filled witli medulla, from wliicli the tubuii 
radiate towards the civcumfereuce. Tliis stmeture is \'erv well seen 
in thin sections of the fossil ‘spiny rays/ wliicli, with tlie teetli and 
scales, are often the sole relics of the vast nmltiludes of sliarks that, 
must have swarmed in the ancient seas, tlieir cartila^dnous internal 
skeletons having entirely decayed away, [n making Actions of lioiiy 
st'ules, spiny rays, kc. tlie metliod must 1 k‘ followed whidi lias beeii 
already detailed under the head of boned 

The scales of reptiles, the fmthm of birds, and tlie hairs, hoofs, 
mils, daivs, and horns (when not bony) of mammals are all epi- 
dermic appendages; that is, they are [iroduced u|:ion the surface, not 
within the substance of the true skin, and are allied in sti-uctnre to 
the epiderinis, being essentially enmposed of aggregations of cells 
fil led wi th horny ma tter a nd frequ eutly m uch alt ci’-edd 11 t'onii . 'fhi s 
structure may generally be made out iii liorns, nails. Ac. witli little 
difficulty by treating thin sections of tlnmi with a dilute solution of 
soda., which after a short time causes the cells tliat bad been 
flaitened into a'ules to resume their globular form. Tlie most 
interesting modifications of tliis structure are iiroseuted to us in 
hairs and in feathers; which forms of clothing are very similar to 
each other in tlmir essential nature, and are developed in the same 
manner - viz. by an increased production of epidermic cells at the 
bottom of a flask'Shajved follicle, which is formed in tlie sulrstance 
of the true skin, ami which is supplied c\ith abundance of blood 
iiv a special distribution, of vessels to its avails. When a hair is 
pulled out ‘by its root,’ its base exliiliits a bulbous enlargement, 
of which the exterior is tolerably firm, wliilst its interior is occu- 
pied by a softer substance, which is known as the‘]nilp;’ and it 
is to the continual aiigmeiitation of this pulp in the deeper part 
of the follicle, and to its conversion into the peculiar substance of 
the bur when it has been pushed upwards to its. narrow- neck, iliat 
the growth of the hair is due. The same is tn le of featlier.s. the stems 
of which are but hnirs on a larger scale ; for tlie ‘ f|uiir is the part 
contained witliin tiie follicle answering to the •bulb of the hair; 
and whilst the outer part of this is converted into the jteeuliarly solid 
horny substance forming the ‘ barrel ‘ of the (juill. its interiov^ is 
occupied, during tlie w hole period of the p’owtli of the feather, with 
the soft pulp, only the slirivelled remains of wliich, however, are 
found within it after the quill has ceased to grow. 

Although the hairs of diiferent mammals differ greatly in the 
appeiirance.s they present, we may generally distinguish in them 
two elementary parts — nz. a corirnd or investing sub.stance, of a 
dense horny texture, and a meduUani or pnth-like suKstance, usually 
of a much softer texture, occupying the interior, ilie former can 

’ For furtlicr information re^'ardin^ tlu* spaU-s of fishes, see lliu pa]it‘Vs by 0 
Hei'twig in vol. viii. of tlie .Jewmsp/m ZdUchrifU .mil \ih. 11. and v. of the 
Morpholog, Jaliriuch. A condensed siiiuinaiy of our kiwwlcdjje, fmin the more 
vficent standpoint, will be found in Dean's Fishcn, Lii'iug rtud (Xew lork, 

ISSS), pp. 2D-0. 
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sometimes be distinctly made out to consist of flj\ttencd scales 
armnged in an imbricated uianiier, as in some of the hairs of tl\e 
sable (fig. 760); whilst in the same hairs, the medullary substancv 
is composed of large spheroidal cells. In the musk deer, on the 
other hand, the cortical substance is nearly viiidistingiiishable, ami 



Fig. T60. — Haii' oE sable, showing large 
rounded cells in its interior, covered 
by imbricated scales or flattened colls. 



Till. —Hair of musb-deer, consist- 
ing almost entirely of polygonal cells. 


almost the entire hair seems made up of thin-walled polygonal celh 
(fig. 761). The hair of the reindeer, though much larger, has a very 
similar structure ; and its cells, except near the root, are occupied 
with hair alone, so as to seem black by tran.smitted light, except 
when penetrated by the fluid in which they are mounted. In the 
hair of the mouse, squirrel, and other small rodents (fig. 762, A, 11). 

the cortical substance forms a 
tube, which we see crossed at 
intervals by partitions that 
arc sometimes complete, 
sometimes only partial : 
these are the walls of the single 
or double line of cells, of which 
the medullary substance is made 
up. The hairs of the bat tribe 
are commonly distinguished Iw 
the projections on their suiTacr. 
which are formed by exteiisiou^^ 
of the comjx)nent scales of the 
cortical substance : the.se are 
particularly well seen in the 
hairs of one of the Indian 
species, wltich has a set ot 
whorls of long narrow leailet> 
(so to speak) arranged at 
regular intervals on its stem (0). In the hair of the peccary (fig. 763) 
the cortical envelope sends inwards a set of radial prolongations, the 
interspaces of which are occupied by the polygonal cells of the inediiT 
lary substance ; and this, on a larger scale, is the structure ot the 
‘ quills ’ of the porcupine, the radiating partitions of which, when sc'er 
through the more transparent parts of the cortical sheath, give to 


Fig, 7C2,- -A,small hair of squirrel ; B, large 
hair of squirrel ; C, hair of Indian bat. 
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the surface of the latter a tinted n ] tj learaiu't*. The hair of the oniitho- 
rliynchus is ,a very curious object ; for wldlst the lower i-ai-ir of it 
resembles tlie fine hair of the mou.se or squirrel, this thins away and 
then dilates again into a very thick libre, liaving a central portion 
composed of polygonal cells, in closet 1 in 
a jkttened sheath of a lirown fibrous 
substance. 

The .structure of the htnnaa liair is 
in certain respects peculiar. AVhen its 
outer surface is examined, it is seen to 
be traversed by irregular lines (fig. 764, 

A), which are most strongly marked in Fk;. Tt;;),— Tmiisvn-su ^ioction 
fmtal hairs ; and these are the indications lanr of iieefin-y. 

of the imbricated arrangement of the 

flattened (*ells or scales which form the cuficular laver. This 
layer, as is shown by transverse sections (C, D). is a very thin 
and tx’ansparent cylinder ; and it incloses the pecadiar fibroms sidi- 
stance tliat constitutes the principal part of tlio sliaft of the haij-. 
The constituent fdu’es of the substance, whicli are marked out bv 
the delicate stihe that may be traced in longitudinal sections of the 
hair (B), may be separated from each other ))y ernshing tlie hair, 
especially after it has been macerated for some time iu snlj)hnric 
iicid; and each of tliem, wlieii (‘ompletelv i.solated from its fellows, 
is found to be a long spindle shaped ceil. In the axis of this fibrous 
cylinder tiiero is very commonly a band wliicli i.s formed of spheroidal 



A B 



Fia. 701 .— Structure {)f Inmrui luut ; A, external >uvfiK'e ef the shaft, show- 
ingthe tninsvevse striic ami jagged botiiulaiT caused by the imbneauons 01 
the cutieular layer ; B, loiigiludinal section of the shaft, showyig t le 
fibrous character of the rortical substance, and the an-angeiupiit of the 
Iiigmcutiiry mutter; C, transverse section, sliowmg (he (listinetian be- 
tween the cutieular envelope, the cyliiulev of eortieal bubstaiice, anu le 
raodullary centre; D, another transverse seetiou, showing debeiency ut 
the ceutnil eelhihir siibsta.uce, 


cells : but tills ■ medullary ’ sub^tal 1 ce is usually deficient in the fine 
liairs scuttered o\cr the general surface ol the body, and is not 
ahvays present in those of tlie head. The hue of the haii is due 
partly to the presence of iiigmentary grannies, either collected into 
patches or diffused through its .substance, but partlv also to tJie 
existence of a multitude of minute air-spmvs, which cause it 
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appear dark by tninsniitted and wldte by reflected light. The cell,*; 
of the medullary axis in particular are very cojumonly found to 
contiun air, giving it the black appearance shown at C, The 
difference between the blackness of pigment and that of air-spaces 
may be readily determined by attending to the characters of the 
latter as already laid down, and by watching the eflects of the 
|ienetratiou of oil of tnT|)entine (»r other liquids, whicli do not alter 
the appearance of pigment, spots, but obliterate all the markings 
produced by air-spaces, these returning again as the hair dries. In 
niounting hairs as microscopic preparations they sliould in the first 
instance be cleansed of all their fatty matter by maceration in 
ether, and they may then be put up cither in weak spirit or in 
Canada balsam, as may bctbouglit preferable, the former menstrumu 
heing -well adapted to display the characters of the finei- and mon^ 
transparent liairs, while the latter allow’ tlie light to penetrate more 
i cadily through the coarser and more opaque. Transverse section.'^ 
of hairs arc best made by glueing or gumming several together and 
then putting them into tlie microtome ; those of luunan hair may 
lie easily obhiined, however, by shaving a second time, vei y closelv, 
a yiart of the surface over wdiich the i‘a?,or has idready i:iass{'d Tiiorc 
lightly, and liy picking out from the latlier, and carefully washing, 
tlie sections tlius taken olF.^ 

The stems of feathers exhibit the same kind of stiaicture as hairs, 
their cortical portion being the liorny slieath that envelopes the 
sliaft, and theii- medullary portion being tlie pith -like substance 
which that sheath includes. In small feathers this may visually he 
made very plain Ijy mounting them in Canada balsam ; in large 
feathers, liowever, the texture is sotnetimes so altered by the drying 
up of the pitli (live cells of whicli are always found to be occupied 
bv air alone) tliat the cellular structuie cannot be demonstrated 
save by boiling thin slices in a dilute solution of potass, and not 
aUvays even then. In small feathers, especially such as have a 
dowaiy character, the cellular structure is veiy distinctly seen in the 
lateral harhs. wdiich are sometimes found to be composed of single 
files of pear shaped cells, laid end to end ; but in largei' feathers 
it is usiudly necessary to increase the transparence of tlie bai-bs. 
es].>ecially when tliese are thick and but little pervious to light, 
either by soaking them in tui'peiitine. mounting them in Canada 
lialsam, or boiling them in a weak solution of potass. In featlieis 
which are destined to strike the air with great force In the act of 
flight, w e find each barh fringeil on either side w ith slender flattened 
filainents or ^ liarhules ; ’ the barlndes of the distal side of each barh 
are furnished on their attacdied lialf w ith curved hooks, wfliilst those 
of the proximal side have thick turned-np edges in their median 
portion; as the two sets of haihules that spring from two adjacent 
barbs cross each other at an angle, and as each hooked barbule of 
one locks into the thickened e<lge of several barbules of the other, 
the barbs are connected very firmly, in a mode very similar to that 

^ On the miinilp .stnicturp of hnir, coiipult (irimm’s Atlas der 7)icnHctih'(he}i lO'il 
tierischen Haarr fTialir, 1884, 4to, with a pi-t^face by W. Waldeyer). 
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.n which the anterior and ixisterior , rings „f certain hymeno|,fero.,s 
insecte are locke.l together Feathers or portions of feathers of 
birds distiiigiiished by t he splendour of their plumage arc verv g.Kxl 
objects for low magnifying powers when illuminated on an opaoiie 
ground; but care must be taken tliat the light fi, 11s „iion thoiii at 
he angle necessary to piodiiee their most hrilliaut refection into 
the axis of the niicroscope; since feathers wl, id, exhibit the most 
splendid metallic lustre to an ohseiwor at one point mav seem verv 
dull to the ej e of another in a diaeront position. The small feathers 
of hummiiig-b.rds, iiortions of the fealhors of the peacock, and 
others of a^ like kind, are well ivoitkv of exaiiiination ; and lh<' 
scientific microseopist, who is but little attracted hv mere eoreeoiis- 
ness, may well apply himself to the discoverv' of the^>«■lllial• 
structure which imparts to these objects their mo,st miiarkable 
i-liaracter.^ 


vSectiorus of horns, hoofs, d<nrs,im<\ otlier like loodifirf.tmns of 
epidermic stnicture-which can be easdv made h^■ tlie microtome 
the substaiKM^ to be cut having, been softem^d. if nmVsiirv. Iv soaking 
in Avarm water do not in general afford any very intcrostin*- 
features when viewed in the ordinary mode: buttliereare nf) r.bjccfs 
on which polarised light producesS more remarkable effects, or which 
display a more beautiful varietyof colonrs whena [ilate of selenite is 
placed behind them, and the unaly.sing [irism is mude to rotate. A 
curious modification of tlie 
ordinary structure of horn is 
presented in the appendage 
borne by the rliirioceros upon 
its snout, which in many 
points resembles a bundle of 
hairs, its substance being 
arranged in minute cylinders 
around a number of separate 
centres, which have probably 
been formed bv independ- 
ent papillae (fig. 765). When 
traiisvei'se sections of these 
cylinders are viewed by polar- 
ised light, eacli of them is 
seen to be marked by a cross, Fic. 7flo.— Tralls^•e^'se section of liom of 
somewhat I’esembling that of rhinoceiOh viewer] by j[X»lru-ise<Uight. 
starch-grains ; ami the light 

and .shadow of this cross are replaced by contrasted colour.s when 
the selenite plate is iiiterjvosed. The substance commonly Imt erro- 
neously termed (rJudehone. wlihdi is formed from the surface of tlie 
membrane that lines the moufh of the whale, and lias no relation 
to its true bony skeleton, is almost identical in structure 'with 
i‘hinoceros-horn, and is similarly affected by [xdai'ised liglit. The 
central portimi of each of its compoaont threads, like the medullary 



' St‘o R, S. Wiuy, ‘ On Ibe StruL-lurc of flu- BLiibs, Bavlailcs, niul Barbictk of a 
tyiiu'iil Peiinaceous FciitheiV in the Ibis for 18s7. 4-ia. 
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^substance <.)t* hairs, contains cells that have been so little aitereil as 
to be easily recognised ; and the outer or cortical portion also may 
be shown to have a like structure by macerating it in a solution ot 
potass and then in water. Sections of any oif the liovny tissues are 

best mounted ill Canada balsam. , 1.1 

Blood. -Cai-rying our microscopic survey, now, to the eiementarv 
n-arts of which those softer tissues are made up that are subservient 
to the ^u4ivc life of the body rather tlian to its merely mechanical 
reuniremcnts, we shall in the first place notice the isolated floating 
'' cells contained 111 the hlooil, 

which are known ns blood-cov- 
“ }>us(‘les. These are <if two 

kinds: the ’red’ and tl>c 
Svhite’ or 'colourless.’ Tlic 
■ red present, in every instance. 
" (gic ‘‘ flattened disc. 

^ whicli is circular in man am! 

most mammalia (fig. 7fl7), but 
i^^ oval ill birds, reptiles (tig. 

Fk. 70(i.-Rrf ...rpuscle. ot bog's Mood: 7(16): diul fishes ds nlso^ in 0 
their tiatteiloa face ; ft, particle turned iniimmals (all belonging to 
nearly edgeways; c, colourless corpuscle, , .-auiel tribe). In tlie one 

,^„deorpoo..Msaltevcabjd.lilted.«ot,e 

covpnsc'les seem to be flattened 
cells, the walls of wliich, how- 
ever, are not. distinctly dif 




ever, are not (iistinctiy an 
i ^ ferentiateil from the gnmmd 

^ substance they contain, as 

ap[)ears from the change.s of 
ti^T' © form whicli they spontaneous! V 

undergo ivlicn kept by uieaiis 
Cs"" of a ’'warm stnge’ at a tem- 

peintuve of about 100*^ b\, and 
Fro. 767.— Red corpuscles of human blood, ctfects of pressure ill 

represented at o, as they are seen when , Xho ivd 

rather within the focus of the microscope, Of eaKin,, 111. u 1 

and at ft, AS ihev appear when precisely m corpuscles ill the OlOOU oi 

the focus. ovijia rolls \'ertebrata are dis- 

tinguished by the presence of ;i 
central s^Kjt or Hticlei^s ; this is most vlistiiictly brought into l icw 
by treating the blood-dis(*s with acetic acid, which eauses the nnclcir^ 
to shrink ami become more opaque, wliilst rendering the ijmainmg 
ixirtion extremely transparent (fig. 7bf), d). F^y examining un 
altered red coiqmscles of the. frog or newt umler a sutncien ■ n ag ' 
magnifying power the nucleus is .seen to he traversed by a network 
of filaments, which extends from it thrmighout the ground Mfl>- 
stance of tlu^ corpuscle, constituting an intracellular reticulation. 
Idle red corpusedos of the blood of mammals, however, possess iw 
ilistinguishable nucleus, the dark sipob whicli is seen In their cent h 
( fig. 767, h) being merely an elVei’t of refraction, conseqnen upon 
the double concave form of the disc. When these 
treated with water, .so that their fonn biTomcs iirst flat ami na 
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ao«bl« «mvex, tlie d,,rk spot disippft.vs ; whilst, on the other ho, id 
,t IS made^ move evident wd.eii tlie e,m«,vitv is increased hy the 
partial shrinkage of the corpuscles, wliidi ni'av be hr, n, Hit about 
by treating them with fluids of greater .Icnsitv than theii own sub- 
stance, men ttoatnig m a siiiKcimitly thick stratum of bliy,,! 
drawn from the body, and placed under a cover-, dass, the red 
c.orpu.selc.s show a marked temleiicy to approach one another, adher- 
ing by tlieir discoidal surfices so as to prcsrnt thi- aspect, of a pile 
of coins ; or, if the stralaiii be ton thin to .■ulmit of this, partiallv 
overlapping, or simply adhering by their edges, whieli then btt^omV 
polygonal instead of circular. The .size of tlu^ red coi-puscles is not 
altogether uniform in the same blood ; thus it vai'ies in that of man 
from about the ^ th to the . .,V, o 1 ' >f inch . But we generally find 
That there is an average size, whieli is pretty constantly maintained 
among the different individuals of the same species ; tliatfif man inav 
he stated at about 3 ._,hyth of an ineli. Tlio following tatde ^ exliibits 


MAMMALS 


Man , 

. 1-B200 

Carnet . 

i- 32-54, 1-5921 

Dog . 

, 1-3542 

Llama . 

l-33(;i, 1-0294 

Whale 

. 1-3099 

Javan chevrotaiji . 1 1232.5 

Elephant . 

. 1-2745 

Caucasian goat 

1-7045 

Mouse 

. 1-.3814 

Two-toed sloth 

1-2865 


miios 


Golden eagle 

1 1812, 1-3832 

Ostrich . 

1-1649, 1-3000 

Owl 

1-1830, 1-3400 

Cassowary 

1-14.55, 1 2800 

Crow 

1-1961. 1-4000 

Heron 

1-1913, 1-3491 

Elue-tit . 

1-2313, l-tl2S 

Fowl . 

1-2102 1-3466 

Ihanot . 

1-1898, 1 4000 

Gull 

1-2097, 1-4000 


KECTILKS AX'D 

RATRACJIIA 


Turtle . 

1-1231, 1-1882 

Frog 

1 1108,1-1821 

Crocodile 

1-1231, 1-2286 

Water -newt . 

1-S014, t-1246 

Green lizard 

. 1-1555. 1-2743 

8ireii 

1-420, 1-760 

Slow-worm 

. 1-1178, 1-2666 

Proteus . 

1-400, 1-727 

Viper 

. 1 1274, 1-1800 

Amphiuma . 

1-345. 1-561 


FISilLS 


Perch 

. 1-2099, 1-2824 

Pike 

. 1-20U0, 1-3.555 

Carp 

. 1-2142. 1.342!t 

Fel . 

. 1-1745, 1-2842 

Gold-tish 

. 1-1777, 1-2824 

Gymnotus 

. 1 1745, 1-2599 


tlie average dimen, sions of some of the most interesting examples of 
tlie retl corpuscles in the four classes of vertebratcil animals, expresstnl 
in fractions of an inch. Where tivo measurement s arc given they 
are- the long and the short diameters of tlio sjime coi'[iuse]es. (See also 
fig. 7t)8.) Tims it appears that tlie .wialkd red corpuscles known 
are tlio.se of the Javan ohevrot-ain {Tracfiihui jui'afiims). whilst the 
ki/ijest are tliose of that cui'ious group of Batriuhia (trog tribe) which 

‘ These measuremeiils are thierty selected from thodo ^ivcii t)yMr. (lulliver in 
liis edition of Hewsou’s It'oris, p. iJdt! rt scq. 
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retain the gills through the whole of life ; one of the oval blood-tlises 
of the Protem^ being more than thirty times as long and seventeen 
times as broad as those of the inask-deei*, would cover mt 
fewer than 510 of them. Those of the Amphmma are still largei-.* 
According to the estimate of Vierordt, a cubic inch of human 
blood contains upwards of eighty 'mllio'm of red corpuscles and 
nearly a quarter of a uiilUon of the colourless. 

The lokite or ‘ colo\irless ’ corpuscles are more readily distinguLshcd 

in the Ijlood of bati-achiaijs 



Fjo. 76S. — Compav-ative nf 

piiscles : 1, wan ; 2, <>]e]ihant 
, dromcdaiy; .■),ostvidi 


than in that of man. 
being in the former casi> 
of much smaller size, ;iv 
well as having a circulai 
outline (fig. 766, c) ; whibi 
in the latter their size and 
contour are so nearly tlw 
same that, as the red cor- 
puscles themselves, whtw 
seen in a single layer, ha\ e 
but a vei*y pale hue. Ilie 
deficiency of colour dees 
not sensibly mark thwV 
difierence of nature. Tlie 
proportion of white to r(‘<l 
corpuscles being scarcch- 
even greater (in a healthy 
man) than 1 to 250, and 
often as losv as from oiu' 
half to one tpiavtev of that 
ratio, there are seldom 
many of them to bo scon 
in tlie field at once ; and 
these may be recognised 
rather by their isolation 
than their colour, espe- 
:d tlood cor- ciallv if the glass cover he 


— J 


4 firoiiifd'tTv " f moved a little on the slide. 

4, ttromcciaiv; .),osivicli; t», jiijrcon; (jliunuiimi:- 

bird; S, croondile; 9, python; 10, pro Lous ; 11, to COUSe the red cnr- 

perch; 12, pike ; 13, shark, pusclcs to bccoiiic aggrega- 

ted into rows and irregular 
imasses.^ It is remarkable tliat, notwithstanding the great ^■a^iatiolls 
in the sizes ot the red corpuscles in diffei’eiit species of vertehrated ani- 
tnals, the size of the white is extremely constant throughout, their dia- 
meter being seldom much greater nr lessthan '..j-y\, 7 ,tb of an inch in thi^ 
warm-blooded classes and ^ r/o (,tl't in l eptiles. Their ordinary form 
is globular, but their aspect is subject to consideralde variations, 
which seem to depend in great part upon their phase of de^ elopment. 


1 A very interesting account (>£ the * Structure of the Eed Corpuscles of the 
trklacUjhnn ' has been given by Dr. H. D. Schwidt, of New Orleans, in 
the Jouru. Hoij. Microsc. Soc. vol. i, 1879, ])p. 57, 97. 
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Thus, ill their early state, in whirl) they seem to be identical with 
the corpuscles found tluatiTig in chjk and they seem to be 

nearly homogeneous paitiides of protoplasmic substance, but in 
their more advanced condition, accovding to Dr. Klein, tlieir sub- 
stance consists of a reticulation of very fine contractile proto- 
plasmic fibres, termed the • intracellular network,’ in the meshes of 
which a hyaline interstitial material is included, and which is con- 
tinuoaswi'th a similar network that can be discerjied in the substanc»‘ 
of the single or double nucleus when this comes into view after the 
witlidrawal of these corpuscles from the btMly. 1 n their living state, 
however, whilst circulating" in the vessels, tlu' white (‘(>i'pus(*]es, 
although clearly distinguishalde in the slow-iuoving stratum in 
contact with tlieir walls (the red r’orjaiscles rushing rajmlly 
throindi the centre of the tube), do not usually show a. distinct 
nucleus. This may be readily brought into view' by treating 
the corpuscles with waier, whicli causes them to swell up. 
liccoine granular, and at last, 
disintegrate, with emission of ^ 

granules w^hich may have been 
pi-evioiisly seen in active mole- 
cular movement within tlie 
corpuscle. When tlie white 
corpu.siiles in a drop ot freshly 
draw'll lilood are carefully 
watched for a short time, they 
may he observed to undergo 
changes of form, and even 
to move from place to place, 
after the manner of Ammho;. 

When thus moving they 
engulf particles w'hich lie 
in their course — sucli as 

granules of vermilion that r i v ■ 

have been injected into the blood-ve^sels ot the living 
attenvards eject tliese in tlie like fasliinii,' Such uioveiiieii s wil 
i-Otttiiuie foe some time in the colon, less corpuscles ot cohhblooile. 
Hiiimak, but still longer if they arc kept „i 

75’ The moTciiiciit ivill speedily come to aii eii 1 hoc ei e 
in the white corpuscles of man or other warn, -blooded animals, 

;S'ccV«l« 

MelsclmikcB feona tbit tl.f 'walc" ^ l'':;;; ‘ ,„.l, ivm. 

(luced by uioculat ion into nn auiin.il lu h ^ Tlu'vware ivadllv absorbad 

absorbed by the blood-cells only ^1 j ‘ lizards, wlmn tlie 

by the blood-cells ot iinunals not t ^ then' disappeaml biside the 

leinperaUire^ was f h' yietschiiikoff that the Ufu dh/K 

cells. . . . Jroiii these data \\c must . Ihood-eells, mid injimoiis 

isliarnilesH because it is sorbed and 

mure and more recognised by the paLliologist. 



Fill. Tilth— Altered white eoi 
iiii hour after ha\ ing he<*u 
h nger. 


•pusele t)f blood 
ihawn from the 


I animal— and 
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unless the slide is kept on n. warm stage at tlie temperatiu'e 
of about 100^ F. A reinarkalde example of an extreme change of 
form in a white corpuscle of human blood is represented in %. 7G9. 
Similar changes liavc been observed also in the corpuscles lloatiug in 
the circulating fluid of the higher invertebrata, as the crab, whirl) 
resemble the ‘ white ' corpuscles of vertebrated blood, rather than 
its ‘ red ’ corpuscles— these last, in fact, being altogether peculiar to 
the circulating fluid of vertebrated animals. 

Ill examining the blood microscopically it is, of course, impoi - 
tant to obtain as thin a stratum of it as po.ssihle, so that the cor- 
puscles may not overlie one anothei'. 
This is best accomplished by selecting 
^ J s ^ ^ piece of thin glass of jierfect flat 

then, having received a 

the blood will then be drawn in by 

canillarv :\ttra<‘t:Ion, so as to siireatl 
Fre. 770.— «, LloocFcell ol u. m i • ... , t 

the act of oiigiilfiii- a rod of ni a imitormly thin layer between 
observed in the two glasses. Such thin films 
living state in a drop of aqueous luvserved in the liquid state 

humour; &, the same a few miiuites • / . ^ , 

later. (After Metsclmikorf ; highly by applying a covcr glass and ce 
magnifiod.) iiieiiting it with gold-size befoiv 

evaporation has taken place ; but it 
is prefei’alfle first to expose the dro]) to the vapour of osmic 
aci<l, and then to apply a drop of a weak solution of acetate of 
[)()tass; after which a cover glass may be pnt on, and securerl 
with gold -size in the usual way. It is far simpler, however, 
to allow sucli films to dry without any cover, and tlien merely to 
cover them fov protection ; and in tliis condition tla‘ general 
cliaracters of the corpuscles can lie very well made out, notwith- 
standing timt they have in some degree lieen slirivelled by tlie 
desiccation they have undergone. This metluxl is particularly scr 
viccable as affording a fair means of comparison, when the assi.sf- 
aiice of the microscopist is sought in determining, for medico-legal 
purposes, the source of suspicious blnoil-stains, the average diiiieiv 
sions of the dried blood-corpuscle of the several domestic animals 
being sufllciently different from eacl: other, and from those of man. 
to allow tlm nature of any specimen to he iirononnced upon with a 
high ilegree of pi'obability.^ 

Simple Fibrous Tissues —A very beautiful example of a tissue of 
tliis kind is furnished by the membrane of the eominoii fowl’s egg; 
which (as may he seen by examining an egg wliose shell remains 
soft for want of consolidation by calcareous particles) consists of two 
principal layers, one serving as a basis of the shell itselt, and the 
other forming that lining to it wliich is known as the memhrutHi 

I This is a mattm- which has given rise to mudi discussion among experts. Set 
/-‘me, Anier. MIcr. Sac, xiv. (1803h pp. ai-l’JU 
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jmtami.HS The L-ittei- iimy he sepiivateil by c.-u-eful te.-mim «ith 
needlcsmul oi-eq,s. a tee |„.n hn.ge,] ,„acr,-atieu iu watee, iatt. aeveval 
matte,! lamelhe eeseu, blu.g that ve, , res,. ate. I iu fig. 771 ; au,l siufilar 
lamella, may be r'Caclilv ebtaiue,! fr,„„ tl,„ slielHtself hv .lissolvi,,.. 



Fi-,. 771.— FiLi-mus nieml.M’;in(‘ FKi.TTi White fibrous tissue- 

frnni e-ii-.lii'H- from li-aim-iiL. 


away its lime by dilute ncitl. The sinqily fibeons stimetures uf the 
body generally, howt-ver. belong to one of two vm^y definite kinds of 
tissue, tlie ‘ white and the ' yt‘llo^^'.' wliose apjiearance. coiupo.'<ition. 
and proj.KO't.ic.s are very diiferent. The idille.. 
fibrous tis,sue. Ihuugli sometimes apparentlv 
conijKised of distinct fibres, more coiiimoidv 
presents the aspect of baiid.s, usiiallv of a liat- 
tened form, and attaining the breadfh of . F,th 
of an inch, which aiv marked b\' numerous 
longitudinal streaks, but can seldom be tom up 
into miiintc fibres of determinate .size. The 
fibres and bands ;ire occasionally somewhat 
wavy in their direction ; and thev 'lia\e a pia-u- 
liar tendency to fidl into undulations, when it i.s 
attempted to teai’ them apart from each o(hei 
(fig. 7r'2). This ti.s.sue is easily distiiigiii.slied 
from the other b\- the effect of acetic acid, 
wliicli swells it up and renders it transparent, 
at the .smne time bi'inging into view certain 
oval nuclear jiarticles of ’germinal matter.’ . 

vvhicli are ^ known as ^-omiective tissue cor- 
puscles. These .are relatively mucli larger, and mg the rorpusch-b 
their connections more distinct., in the earlier of ‘germinal matter, 
Stages of the formation of this ti.ssue (fig. 11% p^longatlL, 

It is perfectly inela.^tic; and uefind it in such iK^sediuuongits fibre-, 
parts as tendons, ordinai’v ligaments, fibrous 
ca.p.siile.s, (kc. wliose finiction it is to resist tension witliout yielding 
to it. Tt coustitnte.s. also, the organic l»asis or matrix of bone ; for 
although the .substance wliicli is left when a bone lm.s been macerated 
sufficiently long in dilute acid f<)r all its mineral componenLs to be 
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removed is eonimonly designated as Ciirtilage, tins is shown hv 
carefiil microscopic analysis not to be a correct description of it, 
since it does not show any of the characteristic structure of car 
tilage, but is capable of being torn into lamellje, in which, if stif- 
ficiently thin, the ordinary structure of a fibrous nieinbrane can he 
distinguished. 11 le yellov) fibrous tissue exists in the form of long, 
single, elastic, branching filaments, with a dark decided border ; 
which are disposed to curl when not put on the stretch (fig. 774). 
and frequently ana.stomose, so as to foian a network. They are (or 
the most part between and vaTVoot^' diameter; 

but they are often met with both larger and smaller. T]iis tissue 
docs not undergo any change wlien treiited with acetic acid. It 
exists alone (that is, without any mixture of the white) in parls 
which lequire a peculiar elasticity, such as the middle coat of the 
arteries, the ‘ vocal cords,’ tlie ‘ liganientum nuchie ’ of quadrupeds. 

tlie elastic ligauieut which 
liolds together the valves of 
a bivalve sbell, and that hv 
which the claws of the feliiii' 
tribe are retracted wlien 
not in use; and it enters 
largely into the com[x>siti(>n 
of areolar or connective 
tissue. 

The tissue foiaiierly 
known to anatomists as 
* cellular,’ hut iiow more 
pi'operly designated coimec- 
Ftg. 774.- dlow fibrous tissiift from liga- f tissue, COM 

111011 him 11 neb a! of oali. ■ , i /. • 

sists of a netw'ork of numfie 
fibres and hands which are 
interwoven in every direction, so us to leave innumerable areola^ or 
little spares that communicate freely with one another. Of these 
fibres some ai-e of the ‘ yellow' ’ or ela.stic kind, but tlie majority arc 
composed of the * white ’ fibrous tissue ; and, as in that form of ele- 
mentary structure, they frequently ])rosent the condition of broad 
tlattened bauds nr membranous shreds in which no distinct fibrous 
arrangenieut is visible. Hie proportion of the two forms varies, 
according to the amount of elasticity, or of simple resisting power, 
which tlie endowments of the part may require. We find this tissue 
in a very large proportion of the lioilies of higher animals ; thus it 
binds together the idtiinate muscular fibres into minute fiisciculi. 
unites these fasciculi into larger ones, these again into still larger 
ones which are obvious to the eye, and these into the entire muscle ; 
whilst it also forms the moinbranous divisions between distinct 
muscles. In like manner it unites the elements of nerves, glands, 
Ac., binds together the fat-cells into minute masses (lig. 780), these 
into large ones, and so on ; and in this way penetrates and forms 
part of all the softer organs of the body, lint whilst the filirous 
structures of which the Mbrmed tissue’ is composed have a purely 
moclmnical function, there is good reason to reganl the ’ connective 
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tissue coi'piiisc'les ' \vl lid 1 lire evemdiere dispersoil among them, as 
having a most impoi'tant fniici ion in tlio first production and sub- 
sequent luaintenauce of the more dofiuitt'ly organised portions of 
tlie fabric. In these eorpuseles distinct 'iuorenifititn. analogous to 
tlio.se of the sai'COfhc e.xtensioiis of diizopods. have been recognised 
in transparent parts, such as the cornra t)f tln^ eve and the tail oi‘ 
the young tadpole, bv observations made on 1 hese parls w hilst living. 
For the display of tl^e characters of I he fibrous tissues small and 
thin threads may lie (‘ut -with tlie curved 
sci.ssor.s from any [tart that affords 
them ; i^n<l these must be torn asiiiuler 
with iiee<lles under the simple micro- 
scope, until the fibres are separated to 
a degree sufficient to enalde tliem to 
l)e examined to advantage under a 
higher magnifying [tower. The differ- 
ence lietween the hvhite’ and the 
‘ yellow ' components of connective tissue 
ishit once made appai'ciit by the effect 
of acetic acid ; wliilst the ‘ coimec- 
tivc tis.sue • coiqtusdes ' ai'e best dis- 
tingumhed by tlic staining [trocess, 
especially in the early stage of the 
forniatioii of these ti.»ues {tig. 77d). 

Skin; Mucous and Serous Mem- 
branes. — The .skin, which forms tlic ex 



-Vt-rticai swlioii of skin 
of A. the 

>url’in.'e of ^vliic-a shows (h'^uvs- 
siojis If r/, tetwepii the onii- 
iiL'iic't.’s h f/, on wliitli open the 
pci's] 'Iratory iliicts i ; at lu is 
tlie lifoper lay< v of the 
epJcleritiis, or striitimi Maljiiphii. 
B, ciilifi rn'ii, in wliicli are im- 
bcdfled file sweat- pi aiuls 
with theii ducts r, and agpve- 
oalions of f.-it-cells/; //, ailcrial 
twip supplying lire Miseiihir 
papilhe jf ; f, oue of the tactile* 


painlhe with Its nerve. 


tcrnal envelope of the body, is divisible Frr.. 
into two [irincijial layers : tlm ct/tis rem 
or ‘true skin/ 'which usually makes u],) 
by far the larger [lart of its thickness, 
and the ‘cuticle/ * scartskiii. or e/u- 
dei'Mls, whicli covers it. At the moutl). 
nostrils, and tlie otlicr orifices of the 
ope/i cavities and canals of the liody. 
the skin passes into the membi-ane that 
lines these, which i> distiiiguislie<1 as 
tlie himous membrane, from the [lecn- 
liar glairy secretion of mucus liy wliich 
its surface is pi'otccte<l. But tl iose great 

(*:ivities ot tlie bo<lv \vlu<‘h surround the heart, lungs, intes- 
tines. Ac. ace litied lo' memhi'anes of a different kind ; wliich, as 
the\' secrete onlv a thin serous final from their surfaces, are kno>\n 
as set'om memlu'ames. Both mucous and serous membranes consist, 
like the skin, of a eelltilar membinnous basis, and of a thin enticiilar 
!ay(}r, wliicli. as it difters in manv points from the epidermis, is^ dis- 
tinguished as tlie epitlieliuni. The substance of the ‘true .skin and^ 
of the ‘ imuaius ' and ‘serous ' membranes is pi'in('i[).al!y conipo.secl ol 
the fibrous tissues last described ; hut the skin and the mucous raein- 
hriiriBs are very copioiislv siip[)lied ■with blood-vessels and i\ith glan-^ 
diihe of rnrious kinds; ‘and in the skin we also find abundance of 
nerves and Ivmiihatic vessels, as well as. in some parts, of ban - 

‘ ^ 3 s 
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follicles. The general appeaiance ordinarily presented by a tldn 
vertical section of the skin of a part fui'nished wit,h nnmei’ous sen.st)ry 
papiilcf^ is siiovvri in lig. 775 ; wheie we see in the deeper layers 
of the catis vera little clumps of fat- cells, /, and the sweat- 
glands, d d, whose ducts, e e, pass upwards : whilst on its surface 
we distinguish tlie vascular papiilfe, p, supplied with loops of hlootl- 
ve.ssels from the trunk, (/, and a tactile papilla, I, with its nerve 
twig. The spaces between the papillie arc filled up by the soft 
‘ Malpighian layer,’ m, of the epidermis, A, in which its colouring 
matter is chiefly contained, wdiilst this is nover-ed by the horny layer. 
hf wliich is traversed b}" the spirally twisted continuations of tlu' 
pei‘spiratory ducts, opening at s upon the sui'face, which presents 
alternating depressions, a, and elevations, b. The distribution of 
the blood-vo.ssels in the skin and mucous membranes, whieh is mu* 
of the most intei-esting features in tlieir stiaicture, and whicli is in- 
timately connected with their sevei’al functions, will come under 
our notice hereafter. In serous mcmhianes, on the other hand, 
whose function is simply piotective, the supply of blood-vessels is 
inoi'e .scanty. 

Epidermic and Epithelial Cell-layers. — The epidermis or ‘cuticle 
covers the whole exterior of the body as a thin semitranspai'cnt 
pellicle, which is showm by microscopic examination to coirsist of 
a series of layers of cells that are continually wearing off at the 
external surface, and being renewed at the surface of the true skin; 
so that the newest and deepest layers gradually become tbe oldest 
and most sujxu'ficial, and are at last thrown ofl' by slow desquamation. 
1 n their jir ogress from the internal to the e.xternal surface of the 
epidermis the cells undergo a sci'ies of well 



marked changes. Wlieii we examine the 
innermost layer, w'e tind it soft and granu- 
lar, consisting of nucleated cells which are 
flatter in the upper than the lower strata, 
w’hich make up the layer. This was for 
merly considered as a. distinct tissue, mid 
was supposed to be the peculiar seat of the 
coloui' of the skin ; it received the desig- 
nation of Malpighian layer or rete mucosunt. 


Fig. 776.— Cells from the The cliange in form is accompanied by a 


n}entum uicjnim nf the eye: 
(f, pigmentary granules con- 
cealing tlze Jiucleu.s; Z', the 
nucleus. 


change in the chemical composition of tlir 
tissue, which seems to beductothc metamor- 
plio.sis of the contents of the cells into a 


horny suhsLince identical with that of which 


hair, horn, nails, hoofs, ibc. arc composed. Mingled wath the ejii- 
dermic cells we find others which secrete colouring matter instead 


of horn ; these, which are termed ‘ pigment-cells, ’ are especially to 
be noticed in the epiclei'inis of the negro and other daik races, and 
are most distinguishable in the Malpighian layer, their colour up 
peariiig to fade as they pass towards the .surface. The most remark 
able development of pigment-cells in the liigher animals, liow'evci-. 
is on the inner sxirface of the choroid coat of the eye, wdicre they 
Imve a very regular arrangement, and form several layers, known us 


epidermis 
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the plgmmtim nujrum. Wlieii exnmined tlieM* eelh -tiv 

found to have a polygonal form (llg. 77 Ij, an<l to liave a distilief. 
nucleus (b) in their interior. The black colour is due to the aceu- 
miibition, within endi cell, of a number of flut roun.leil or* oval 
granules, of cxti-eme minute ness, wliich exhibit an active uioveinent 
when set free from tlio celh ami even wliil.st iudosed within it 
The pigment-cells arc not always, liowcver. of this simply rounded or 
polygonal form; they sometimes iirescnt rernarkahle stellate pro- 
longations, under which form they are well .semi in the skin of tlu' 
frog (fig. 791, cc). The gradual formation of these prolongations 
maybe traced in the pigmient-cells of the tadjiole diiriiuMts mehi- 
morphosis (fig. 777). Similar varieties of ^ 

form are to be met with in t he pigmentary 
cells of fi.slies and small erushmea, which 
also pre.sent a gi^eat variety of hues ; and 
these seem to take the colour of tlie bottom 
over which the animal may live, so as to 
serve tlie hefctei’ for its concealment. 

Idle structure of tlie epidei'uiis may be 
examined in a variety of u'ays. If it be 
removed by maceration from the true skin, 
the cellular nature of its under surfiice is at 
once recognised, when it is subjected to a 
magnifying power of 200 or 300 diameters, 
by light transmitted throngli it, with tliis 
.surface uppermo.st ; and if the epidermis he 
that of a negro or any other dark-skinned 
race, the pigment cells will lie very distinctly 
seen. This under- surface of the epidermis 
is not flat but is e.vcavated into pits and 
channels for the reception of the papillary Fji.. 777. -]’ii;a)cnt-cell> 
elevation.s of the true skin : an arraimement tail of caliyk: a 

, , ' 1 ■ ii^ .1 ■ I >‘’™s ol m-eiil 

which IS shown on a large scale ju tlie thick ongin; h h, inorc coijji>lu.\ 
cuticMilar covering of the dogs foot, the sub- fovms snlisi'ijiicatly :\s- 
jacent papillai being large euougli to lie dis- 
tinctly seen (when injected) with tlie naked 

eye. The cellular nature of tlie newly fiiniii ug layers is best .^ecn 
by examining a little of the soft film that is found upon the surfice 
oi'the true skin, after the more consistent layers of the cuticle have 
heeu raised by a blister, The alteration whicli the cells of tlic 
e-xtenial layers haie undergone tends to oUsi-nre their character; 
but if any fragment of epidermis be macerated foi- a little time in a 
weak .sohitfoM of soda or potass, its dry ^(‘ales liecomc solteneil, and 
are filled out by imbibition into roniKhal or jiolygonal cells. Ihe 
same mode of treatment enables us to make out tlie cellular struc- 
ture in warts and corns, which are c[iidermic growths from tlie 
surface of papilhe enlarged fiy hypertrophy. 

The epitheliiDii. mav be designated as a delicati' cuticle, covering 
all the free Intcnud surfaces of the body, and thus liniiig all its 
cavities, canals, ttc. Save in the mourli and other ]):irts in which 
it approximates to the ordinary cuticle, botli in locality^and in 
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nature, its cells (fig. 778) usually form hut a single layer ; and are 
so deficient in tenacity of mutual adhesion t]\at they cannot be de- 
t, ached in the form of a continuous membrane. Tlieii' shsipe varies 
gi-eatly. Sometimes they are broad, flat, and scale-like, and their 
edges a))pi'Oximate closely to each other, so as to form what is 
termed a. ‘})avement' or ‘tessellated’ epithelium: such cells are 
obsei‘v:ible on the web of a frog’s foot or on the tail of a tad]X)lc ; 
for, tlmugli covering an external surface, the soft moist cuticle of 
these parts has all the characters of an epithelium. In other cases 
the cells liav(^ more of the foi-m of cylinders, standing erect side by 
side, one extremity of each iwlinder forming part of the free surface, 
whilst the other rests \ipoii the membrane to xvhich it serves as a 
covering. If the cylitidcvs be closely pressed together, tlidr form is 
changed into prisms ; and such epithelium is often known as 
‘ prismatic.' Du the other hand, if the surface on wdiich it I'ests he 
convex, the bases or lower ends of the cylinders become smaller th;ui 


iL 




Fiu, 778.— DeUdied epithcliiuu-ccll: 
a, uit)i nuclei h, anti nucleoli i 
frtun mucous ineinbrnne of tli 
mouth. 



Fun 771). -Ciliated epithelium: 
(/, nucleatwl cells vesting on 
their smaller extremities; h, 
cilia. 


their free extremities; and thus each has tlie form of a truncated 
cone rather than of a cylinder, and such epithelium (of which 
that covering the viUi of the intestine is a ])Oculiarly good ex- 
ample) is termed * conical.’ But between these primary forms of 
epithftliid cells tliere are ,se\ eral intermediate gradations ; and one 
often })as.ses almost insensihlv into the other. Any of these furm.s 
of epithelium may he furnishetl with dim; but these appendages arc 
more commonly found attached to the elongated than to the 
flattened forms of e])ithelird cells (fig. 779). Ciliated epithelium is 
found ii])on the lining membrane of the alr-]>assages in all air- 
breathing VectebiTitu ; and it also presents itself in many other 
situations, in which a })i'opulsi\'e ].iowev is needed to prevent an ac- 
cuimdation of mucous or other secretions. Owing to the very slight 
attachment that usually exists between tiie epithelium au<i t]u‘ 
memljraunus surface wliereou it lies, there is usually no ditficnity 
whatever in examining it, nothing more being necessary than to 
scrape the surface of tlie membrane with a knife snul to add a little 
water to xvhat has been thus removed. Tlie ciliary action will 
generally be found to persist for some hours or even day.s after 
death if the animal has beeji previouslv in full vigour; and the 
cells that bear the cilia, wlien detacheil from each other, will 
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swim freely about in water. If tl,e tliin llui.l that is i-npiously ,lis- 
charged from the iio.se in the first stage of an ordinary ^ -old in tlie 
head be subjecte.l to mioroscopio e.xainination, it will ..,,,„,no„lv 
he found to contain a, great nnmber of ciliated ei.itheliHnK.eli;, 
which have been thrown oft from the lining membrane of the nasa 
passages. 

rat.-One of the best e.samiiles wbid, the bodies „f liieher 

animals afford, ot a tissue eoinposed of an of cells is 

presented by fat the cells of which are distinginsbed by tlmir power 
()t drawing into tiiemselvcs oleiignions mattov iVuiii tho hUn] F-it- 
oells are sometimes dispei-sed in the inteis|,a(vs of areolar 'tissue * 
whilst 111 otlier cases they are aggregated in (tistiiuT masses, coil' 
stitnting tlic proper adiiioso substaiur. Tlie imlividmd l^t-eells 
always present a nearly spherical or s],l,eroidal form - s.anetimes 
liowever, when they are closely presscl together, t]i«*v become some- 
what polyhedral, from the tiattening of llieir 
walls against each other (fig. 780). Their 
intervals are traversed by :i. minute network W- 
of blood-vessels (fig. 79b), from whirl i thVy 
derive their secretion; and it is proliably 
by the eoiisiant moistening of tlioir walls 
with a imUry finid, that their contents are 
retained without the le;ist transudation. 
although these are (piite fiuid a1 I he tern- " 

j lei-ature 0 f th e U v i 1 ig 1 x )d y . Fa t - c el Is , w i 1 c u 
filled with their oliaracteristie contents, liave 
the peeuliar ap])earance wliieh lias been 
already desci'ihed as appertaining ti'i riil- 
globules, being very bright in their eenti'e, 
and very dark towards their margin, in Fia. tso.— A ivolar anil inJi- 


eonsequence of their hiiih refractive iiow er : 
nut it, as often luqqrens in [irefiaratioiis that 
have been long mounted, tlie oily contents 

should Iiave escaped, they tlien look like any oilier celh of flic same 
fiirm. Although the fitty matter which fills these cells (consisting 
of a solution of stcarino or margarine in oleine) is liquid at tlu‘ 
ordinary temperature of the liody of a warm-blooded animal, yet its 
liaj’der [lortiou sometimes crystallises on cooling, tlie crvAals dioot 
ing from a <-entre. so as to form a star-shaped cluster, t'smic acid 
has been found by Dr. ih Solgei* to separate a more llnid central 
[Kiition from u firmei' peidplieral part. In examining tJii‘ >tructure 
ofadipo.se lissm^ it is desirable, where practicable, to Itave recourse 
to some specimen in whieh tlie fat cells lie in .single layers, and in 
which they can be observixl without distnrhing or laying them 
open; such a condition is found, for example, in the mesentery of 
liu- mouse; and it is also occasionally met with in the fat-deposits 
which present themselves at intervals in the connective tissues of the 
uiiLscIes, jefints, Ac. Small collections of liit-ivlD exist in the ileoper 
layers of the true skin, and are hroiight into view hy vertical 
sections of it (fig. 77b. /). And the structure of large mas.ses of fat 
may be examined liy thin sections, those lieing placed nndim water 
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in thin cells, so as to take off the pressure of tlie glass cover from 
their surface, ^vhich would Ciiuse the escape of the oihpartieles. Ko 
method of mounting (so far as the Author is aware) is successful in 
causing these cells permanently to retain their contents. 

Cartilage. — In the oi dinary forms of caitiiage, also, we have an 
example of a tissue obviously composed of cells ; but these are com- 
monly separated fi'om each other by 

an ^ intercellular substance/ whicli is 

so closely adherent to the outer walls 
of the cells as not to bo separable 
from them. The thickness of this 
substance differs greatly in diffcroTit 
kinds of cartilage, and even in dif- 
ferent stages of the growth of anv 
one. Tims in the cartilage of the 
Fig. 781.~CellaIar cartilage of exteiml ear of a Ixit or mon.se (fig, 
mouse’s ear, the cells are packed as closely 

together as are those of an ordinary 
■\ eget.ahle jtarenchyma ; and this seems to be the early condition 
of most cartilages that are afterw’ards to present a different 
aspect. In the ordinary cartilages, how’ever, that cover the ex- 
tremities of the bones, so as to form smooth surfaces for the work- 
ing of the joints, the amount of intercellular substance is usnalh' 
consider aide ; and the cartilage -cells are commonly found imbedded 
there in clusters of two, three, or four (fig. 782), which are evidently 
formed by a process of ‘ Idnaiy subdivision.’ Thesu]>^tiinco of these 

cartilages is entirely 

toeing nourished solely by 
imbibition from the blood 

^ thein, of ag'gi'ega'tioiis 0 1' cell.' 

■■ held together by intercellul!ii' 

substance, without vessels of 
Fig. 782. -Bcctiou of the branchial cartilage of any kind, and :u*e nourishctl 
tadpole; a, group of four celli^, separating Py imbibition tlirongh their 
from each other; pair of cells in appnsi- ,'. 1 ,^ 1 ^ .m... 

tion ;cc, nuclei of ;4tiiage-cells ; h !.! Vity 8Urface. There arc 

conttviuing three cells (the fourth probably many Case.S, howevei'. m 

which the structureless inter- 






cellular substance is replaced 
Ity bundles of fibres, sometimes elastic, but more commonly non- 
elastic; .such combinations, which are termed /6ro-cartilages. ao' 
interposed in certain joints, wherein tension as well as prc.ssure b:i> 
to he resisted ; as, for example, between the vertel»rie of the spinal 
column and the hones of the jielvis. In examining the structmv 
of cartilage notliing more is nece.ssary than to make very tliia 
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sections preferably intli ttie mierotoine. These seeti.ms mav be 
mounted m weak spirit, (loadl.y's solution, or glveeriu-jellv ' l,„t 
m whatever way they are luounted, tliey inulergo a gradual rhange 
by lapse <,f tune, which renders thou less fit to disrdav the clr,- 
racteristic teatures or their .^tnictuie ‘ 

structure of the Glands ^The v.a. i„„s sta ietions of the Ixslv (as 
saliva, bile, urine, fa,) are formed by the instrnmentalitv of oooms 
termed glaiid.s; winch are, for the most part, constructs on ,,,,,, 
fundamental type, whatever he the nature of their iivoduct Tlie 
simplest Idea of a gland is tlrat which we gain fram an .■.vaniinallon 
of the ‘ tollides or little bags imheihled in ( he u'all uf Hie stoinacli 
some of which secrete miuai.s for the [a-otection of its surface ' inti 
other gastric juice. These little hags arc fillctl with cells t>V •, 
spheroidal form, whicli may he cmisitlci'ctl as coiistitutiug their 
epitheli<al lining; tliese cells, in the ]»rogress of tlicir development 
draw into themselves fi’oin the blood the coii.siitueiits of tl'e par- 
ticular product they are to secrete ; and thev then seem to deliver 
it up, either by the bursting or by tlie melting a wav of tlieir Avails, 
so that this product may lie poured fortli from th(‘ mouth of the ha'>' 
into the cavity in which it is Avanted. Tlieorgau A\hicli isgene]‘alh\ 
though by no means accurately, called the liver jiresents'^his con 
dition in the loAvest animals Avherein it is found. In many Polv/.oa 
compound Tnnicata.and Annulatathe cells of tliis organ ('an he .seen 
to occupy follicles in the walls of the stomach; in insects tlicbsc 
follicles are feAv in number, but are immensely elongated, so as to 
form tubes Avliicb lie loosely Avithintbe abdominal cavity, frequently 
making many coiwolutioiis within it, and discharge tlieir content's 
into the commencement of the intestinal cauar; Avhilst in the 
higher Mollusca, and in (.Irii.stacea, the f.dlicles are vastly multiplied 
in number, and are connected Avith the ramifications of gland-ducts, 
like grapes upon the stalks of their hiincli. so as to form a distincl. 
mass Avdiich noAv becomes kriOAvn as the liver. The e.\ami nation of 


the tubes of this organ in the insect, or of 
the follicles of the (U'ab, Avbicli may be 
accomplished Avith the utmost facility, is 
well adapted to give an idea of 
essential nature of glandular structure. 

Among voidebinted animals tlie salivary 
glands, tlie pancreas (sAveetbreads). and 
the mammary glands arc Avell adapted to 
display the follicular structure (fig. 788), 

nothing more being necessary than to I liimam follicles 

make .sections 01 these organs tJiin enough tlieir sccTeling cells a a, 
to be vieAved as trausparent objects. The containing nuclei 0 1. 
kidneys of Aertebrated animals are imuic 

up of elongated tubes, Avhich are straight, and are lined Avith a. 
paA'enieiit-epitheliuiii in the inner or ‘medullary' portion of tlie 
kidney, whilst they are coiiA-oluted and filled AA'itli a spheroidal 
('pitheliiim in the outer or ' cortical.’ Certain fiask-shaped dilata- 
tioms of these tubes include curious little knots of blood-vessels, 
Avhich are knoAvu as the ‘ iM:il]iighiaii bodies' of the kidney; these 
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are well displayed in injected preparations. For such a full and 
complete investigation ot‘ the structure of these oi'gans as the 
anatomist and physiologist require, various methods must be p\it 
in prai'tice which this is not the place to detail. It is perfectly 
easy to demonstrate the cellular* nature of tlie substance of the 
liver by simply scr-aping a portion of its cut surface, since a number' 
of its cells will then be detnclied. The gerrer'al arrangement of the 
cells in the lobules may be displayed by means of sections tbiu 
enough to be transparent; whilst the arrangement of the Irlood- 
vessels can only be shown by means of injections. Fragments of 
the tubules of the kidney, sometimes Iraving the. IMalpiglrian ctrp- 
sules in connection with them, may also be detached by scraping its 
cut surface ; but the true relations of these jrai'ts ran only he shown 
by thin transparent .sections, and by injectioris of the, blood-vessels 
and tubnli. The simple follicles contained in the walls of tlie 
stomach are bi’ought into view by vertical sections ; Imt they may 
be still bettc)' pNamiued by leaving small por'tiorrs of the lining 
membrane for a few days in dilute nitric acid (one i)art to four of 
water), wlierebv the fibrous tissue will be w) softened that the 
clusters of glandular epithelium lining the follicles (which ai-e but 
very little altered) will be readily .separated. 

Muscular Tissue,-- -Althougli we arc accustomed to speak of this 
tissue as co insisting of ‘ fibres,’ yet the ultimate structure of the 
' Tuuscular fibre ’ is very different from that of the ‘ simple fiT)rous 
tissue-s’ already described. When we examine an ordinary 
muscle (or piece of ‘tlesli’) with tlu* naked eye, we observe that it 
is made up of a number oi’ fasctcuU or bundles 



of fibres (fig, 784), which are arranged side by 
side with great regudarity, in tin*- <lirection in 
which the muscle is to act, and are united i)y 
connective tissue. These fasciculi may he 
s».'parat(“(l into smaller jiarts. whij-b ap])ear like 
simple lil)res; but wlien tbe.se are examinetl by 
tlie microscope, they are found to be tlnmiselves 
fa.seiculi, compfised of luiimter filtri's boiunl 
together by delicate filameut.s of connective 
tissue. By carefully se}jaratiiig these we mav 
obtain the ultimate muscular fibre. This fibre 
exi.sts uncler two forms, tin* striated and tlie 


Fi(;. 7!3i. — Fiiscicvilus striated. Tiie former is chieliy distinguished 
of sti’iiitod iniHc-nliU* by the ti'ansversely sti'iated appearance wbieli 
fibre, showing :it (f t1ie p, presents (fig. 78')), and which is due to an 

•At h its junction spaces along it> 

the tendon. whole extent; the breadth and distance of 


these strife vary, however, in different fibres, 
and even in different parts of the same fibre, according to their 
state of contraction or relaxation. Longitudinal .stria* are also 


frequently vi.sible, wdiicli are due t.o a partial separation l)etwcen 
the component fibrillte into which the fibre may be broken iiie 
When a fibre of thi.s kind is more closelv examined, it i.s seen to be 


inclo.sed within a delicate tubular sheath, whicli is (piite di.stinttj on 
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the one hand from the connective tissue Hint binds the fil»'es into 
fasciculi, and equally distinct from the internal siihstaiice of tlu‘ 
fibre. This membranous tube, ^vhi^‘h is termed the Kfurolemrna^ is 
not perforated by capillary vessels, -which therefore lie ovUnh the 
ultimate elements of the muscular suhstance ; wlietlier it is pene- 
trated by the ultimate 


fibres of nerves is a point 
not yet certainly as(^er- 
tained. The diameter of 
the fibres varies greatly 
in different kinds of verte- 
brated animals. Its nve- 
rage is greai;er in reptiles 
and fishes than in birds 
and mammals, and its ex- 
tremes also are -wider ; thus 
its dimensions vary in the 



Fjtr. 78.',— StriiUPil miKouliu- fiWc, scjiiiniliiig 
into 


frog from to 

of an inch, and in llie skate from ,.'.th to -^dinth; whilst in the 
hunian subject tlie average i-s alxait ^,'„th of an inch, and the 
extremes al)c)ut ir/uitb. 

The substance of the fibre, when broken up by • teasing ’ wdlli 


needle, s, i.s fiunid to consi.st of very minute filaillie, wliicli, wluai 
examined under a magnifying power of from 'idO to 4tK) diameters, 
are seen to [iresent a .sliglitly headed form, ami to show' the s;nne 
alternation of light and dark .'^jiaccs ns wh(*n 
the fibrilhe are united into tihres or iiitoj 
small bundles (fig. 78.1). The dark and light ! 
space,s are usually of nearly equal length; 
oach light space 'is divido<l by a tr.ansverse 
line cnllc<l ‘Dobiels line,' while each dark 
space is crossed In' a lighter band, known as 
aieiisen’s stripe'’ It has b?en generally 
supposed that these markings indicate dif- 
ferences in tlie coiii position of the lilire : hut 
Professor J. P. llaycraft has levived .-m 
idea, -^vhich originat(>d with 3Ir,_ Powinaji, 
tliat they are the opticaj expressions ol^ lis 
s/uepp. The borders of the striateil fibre 
(In? truly .states) pve.seiit wavy margins, itn 
ilicative of a tran.sver.se ridging ami furrow- 
ing, the whole filme (<iv a siiigle fil'ril) thus 
(‘on.sisting of a suaa'ssion of eon\-t'X be.id- 
like projections with intermediate concave 
depressions. Wlmn the axis of the fibre is in 
true focus. Dohie's line, 1) (fig. 78h). crosses 
the deepest itart of the coocovity, «lale Heaseas -'p"- ' 

ti.e inoit proje.'tiiiK part of thocoavex.tv and it cau 1... 
theoreticilyand e.^pcriiuenlally. that tlna altarnatioi, of ^ ' 

shatk* wtU'bo pro.ub.a by the passap. of l.gld lma|Sh a 
shaped liomogcueous rod of any transparent ^a o .m ■ . 
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other hand, the sm'face of the fibre be brought into focus, the convex 
libbiugs appear light and intervening depressions dark, wliich is the 
aspect originally represented by Bowman. The appeJirances are tlie 
same in the extended and contracted states of the fibre; witl\ th(^ 
exception that the alternation of light and dark strife is closer in the 
contracted state, wliile the bi’eadth (representing the thickness) of 
the fibre is con'espondingly increased.^ It is well none the less in 
the present state of our knowledge to refrain from conclusions as to 
the absolute structure of the stiaatecl fibrillte. It ranges itself, from 
the modern inicroscopist’s point of ^iew, with other striated objects, 
and will require the possession of lenses of a K.A. t^\ice or thrice that 
of those which are now within our reach. Tliere is no immediate pro- 
spect of these, it is true ; but they eiuiiiot be eonsidei-ed iiupossilfie 
by the student of the past history of microscopy. 

In the examination of muscular tissue a. small portion may be 
cut out with the (airved scissoi's ; this should be torn up into its 
component fibrCvS; and these, if possible, should be separated into 
their fibrilke by dissection with a pair of needles under the simple 
microscope. The general characters of the siviatefl fibre are admi 
rably shown in the large filme-s of the frog ; and by selecting a 
portion in which these fibres spread themselves out to unit.e with a 
brojid tendinous expansion, they may often be found so well dis- 
played ill a single layer as not only tn exhibit all their chai'acters 
without any di.ssectiou, bnt also to show their mode of connection 
with the ‘simple fibrous ’ tissue of which that expansion is ibrmed. 
As the ordinary characters of the fibre are but little altered by 
boiling, recoui'se may be had to this pi-ocess for tlieir more ready 
separation, especially in the case of the tongue. Dr, Beale recom- 
mends glycerin for tlie prepamtion, ainl glycerin media for tlic 
preservation, of objects of tliis class ; aiul states that the a.l(ernat ion 
of light and dark spaces in the fibrilke is rendered more distinct by 
such treatment. The fibrilke are often more readily separable when 
the muscle has been macerated in a weak solution of chromic acid. 
The shape of the tihi'es can only be properly seen in cross-sections: 
and these are best made by the freezing micvotoiiie. Striated fibres, 
separable with gi'cat faeility into tlieir component fibrilke. are 
readily obtainable from the limbs of Crustacea and of insects; ami 
their presence is also readily distinguishable in the bodies of worms, 
even of very low organisjitioii ; so tliat it maybe regarded as charac- 
teristic of the articulated series generally. (.)ii the other hand, the 
molluscous classes arc, for the most [lart, distinguished hv the mm- 
striation of their fibre ; there arc. however, some exceptions, such 
the muscles of the odontophoreinthc snail and the powerful adduct nr 
iiiu.scle of Feden. Its presence seems related to energy and vapidity 
of movement, the non-stviated presenting itself where the move- 
ments are .dower and feeldor in their character. 

The ‘.smooth ' or noa-driated form of muscular fibre, whicii is 

1 Quart. JoiiDi. Microsc. Sci. n.s. xxi. p. 307. More rer.fiit views will be fomitl i)i 
Ml’. C. F. MarsliaU’s imper in vol. xxviii, of the same joiu’iial, uud in the menuiivs 
cited by him. The subject is one which wnll doubtless bug occupy the atttaitioii of 
the histologist. 
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cspmlly found m ti,e w.lls of tl.e .ton.,,-],, intestine., 1, ladder and 
other smnlar parts composed of flattencl bauds whose di.ame er i 
usnaUy between th and of „„ 

collected into fasc.cul, which do not lie parallel with each other. Imt 
Cioiss and iiiteilaoe. By macerating a portion of Midi iiinsoiiliir siib- 
staiice, however 111 dihi e nitric add (id, out one part of ordimirv 
acid to three parts of water) for two or tlirce davs it is that 

the bani^s just mentioned miy lie easily separated' i.ilo elongated f, d 
form cells not unlike ‘ woody hh, re i„ ,l,opc (fig. fgi, Li) ; eael, 
distil, gurshed, for the most part. Iiy tlie presenee of a long statf- 
sbaped nucleus, 6 broughl intn mew by fl,« action of .acetic-acid r. 
riiese cells, „i winch the distinction lietwcen cell-wall and oell-con- 
teiits can by no means be elearl.v seen, are composed of a soft vellow 
siibstance often eontannng small pale gramdes, and sometimes v, -How 
globules of fatty matter. In the cats of the bl,H„bvess,.1s are'foimd 



Fifi. 7.S7.— Structure of non-sti'iatcd 
muKCuliir fibre : A, portion of 
tissue showing fusiform cells a a, 
with elongated nuclei b b-, B, a 
single cell isolated aiul more 
liiglily magnified; C. a similar 
cell treated with acetic arid. 



Fi<;. (rtuiglion-cells and nerve 
fibres from a ganglion of liunpn'v. 


cells having the same geneval elianicters. bnt sliorter and wider in 
I'orrii ; and although some of the.se !ip[)r(iac‘li verv clo.sely in their 
general appearance to e[iitlielium-cens. yet they seem to have quite 
a ditferent/ nature, being distinguished by their elongated nuclei, as 
well as by their contractile endim’ments, 

Nerve-substance. — A^diertn-er a di.stinct noi’Vous .system ran be 
made out, it is found to consist of two very different forms of tissue, 
namely, the cdlidai', which are tin* e.sseiitial coin])onents of the 
ganglionic centres, and tlu^ of whi(‘]i the connecting trunks 

c(.nsi.st. The typical form of the ncvv(*-cells or ‘ ganglion -gdohiiles’ 
may be regarded as globidar; but tliey often present an extension 
into one or move long [>voces,ses, which gi^e them a ‘caudate’ or 
' stellate’ aspect. The.so [>roce.s.ses have hoen traced into eontiiiuity, 
in some instances, with the axi.s-cylinders of nerve-tiilios (lig. 788) ; 
whilst in other cases thcN' .seein to iiu.isculate with those of other 
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vesicles. The cells, which do not seem to possess a definite cell-wall, 
iiee, for the most part, composed of a finely granular substance, whicli 
extends into their piolongations ; and in the midst of this is nsually 
to be seen a large well-defined nnclons. They also generally contain 
piginent'grainiles, which give them a reddish or yellowish -brown 
colour, and thus impart to collections of ganglionic cells in the 
warm-blooded Vertebrata that peculiar hue which causes them to hv 
known as the chieritioufi or yrey matter, hut which is commonly 
absent among the lower animals. Each of the tubular nerve-iibres, 
on the other hand, of which the tranks are made up, consists, in its 
fully developed form, of a delicate membranous sheath, within wdiicli 
is a hollow cylinder of a materia] known as the ‘ white substance of 
Schwann,’ whose outer and inner boundaries are marked out by two 
distinct lines, giving to each margin of tlie nerve-tube what is de- 
scribed as a ‘double contour.’ The contents of the meinliranous 
envelope are very soft, vdelding to slight pressure ; and tiiey ai-e su 
qni(*kly altered by the c'oiitact of water or of any liquids which arc 
foreign to their nature that their characters can only be properly 
judged of when they are cpiite fresh. Tlic 
centre or axis of the tube is then found to 
be occupied by a transparent substancr- 
which is known as the ‘ axis C3dinclcr ; ' 
and tlierc^ is reason to believe that this last, 
whii'h is a protoplasmic substance, is tlic 
comjionent of the nerve- lil)re. 
while the function of the hollow cylimlcr 
that surrounds it, which is conqiosed of ,i 
combination of fat and albiimiuons matter, 
is simplv protective. The ilianieter of flu* 
ncrve-tulies diflers in difiei'ent oerves. being 
sometimes as great as of an incli. 

and as small in other instances as j., * th. 

Til many of tlie lower invertehrat a, such as 
- ^ . Mexhtsd' and CoiH'itnhf’. we .seem fiillv 

fibres, from olfactory nei-ve, Justified liv plivsiologieal evidence m re 
garding as iicvves certain protojilasiiiic 
fibres wliicli do not possess the charaeteristic structure of * nervr- 
tubes/aud fibi'es destitute of the ‘ diuible contour' are found idsn 
ill certain parts of the liody of even the liighest vertebrates. Tlicsc 
filires, wbieli are known as ’ gelatinous,’ are eonsitfevablv smaller 
than file preceding, and do not exhibit any differentiation of parts 
(fig. 789). Tliey are flattened, soft, and liomoge neons in tluar ap- 
pearance, and contain nnmevoiis nuclear particles wliich are liroiiglu 
into view by acetic acid, They can soinetime.s be seen to la* 
continuous wifh tlie axis-cylinders of the ordinary fibres, and also 
with the radiating prolongations of the ganglion-cells ; so that fheir 
nervous character, which has been questioned by some anatomists, 
seems established lieyund doubt. 

The ultimate distribution of tlie nerve-fibres is a .subject on 
wliicb there has been great divergence of opinion, and one whk'lican 
only be succe.s,sfully investigated by observers of great experience. 
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The Authoi' believes that it may be stated as a <renei'al fact tliat in 
both the motor and the sensoiy nerve-tubes, as'tliev a])pr(.iic}i their 
terminations in the muscles and in the skin rcspeetivelv the 
protoplasmic ax is -cylinder is contimual lieyond its einviopes 
often then breaking up into very minute fibri'lhe. which inosculate 
with each other, so as to form a network closelv reseuiblim^ tiiat 
formed by the pseudopodial threads of Rhizopods. '’Recent obsm-vers 
have descvihed the fibrilhe of motor nm'\es as terminatin<>^ in 
‘motorial end-plates' seated upon or in the muscular fibres ;^nid 
these seem analogous to the little ‘ islets’ of sarcodic- sulistance into 
which those threads often dilate, ^^'llere tlie skin is specially 
endowed with tactile sensibility wn find a sjiecial paplUartf 
appm-atus, which in the skin juay be rf'.udily made out in thiii 
vertical sections treated witli solution of soda (iig, 790). It was 
formerly supposed that all the cutaneous papilLr ai^^ furnished with 
nerve-libres, and minister to sensation ; Imt it is now known that a 
large proportion (at any rate) f»f those that are furnislied witli loo].s 
of blood-vessels (figs. 777), p, 708), being •ikvtitute of nerve-fibres, 
must have for tlieir s[)ecial 
ortice the produetifai of 
epideniii-s ; wliilst those 
wdiich. possessing nerve- 
fibres. have sensory func- 
tions. are usually destitute 
of blood-vessels. The 
greater part of tlie interior 
of eacli sensory ])api1la 
(fig. 790, c c) of the skin 
is occupied by a ]ieculiar 
Sixile liody,' which seems 
to be ineiely a. bundle of 
ui’di iiary conn ect ive tissue . 
whereon the ner\e-fibre 



appears to terminate. The 
neiu’e - fibres are more 


Fio. 7Silt.— Vfi'ticidl !::c’ction of skin of finder, show- 
ing tliH Ijrtiiiches of the cuUnieoiis nerves, <1, 
iiiosciiliiting to foviii it [tlexns, of wlheh the ulti- 


readilv seen, liowever, in nai.te tihivs enss into the cntuit'ons papilLe, <• c. 


the ' fungiform ' [lapilke of 

the tongue, to each of whitdi several oi' them [uweed ; these hodii^s, 
which are very traiispai'cnt. maybe well seen by suip]>ingoff miiinte 
portions of the tongue of the frog: or by sni|iping off the ptqalhe 
tliomselves from the surface of the living human tongue, wdiicli can 
be reailily done by a dexterous use of the curved scis.sors. with no 
more pain tlian tlie prick of a ]iin would gi\e. Tiie transpurence 
of these papillce also is increased by treating them witli a we:ik 
solution of .soda, ^ier^■c- fibres lm\'e also been found to teriiiinate 
on sensory surfaces in mhiule *eiid-bulbs of spheroidal shape and 
about ,io,>th of an inch in diameter, each of them being composed 
of ji simple outer capsule of coniiectixe tissue, filled with clear 
soft matter, in tlie midst of whirl 1 the nerve-fibre, after losing its 
dark border, ends in a knob. The 'Pacinian ror|)uscle.s. which are 
best seen in the mesentery of the cat. and are from V-tli to ,',^th of 
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an inch long, seem to be inorc developed fonns of tbetie ‘ end- 
bulbs.’ 

For the f^ike of obtaining a general aeijuaintanee 'with tlie 
nucroscopic cduiracters of these prineipal ibriiis of nerve-substance, 
it is best to have recom*se to minute nerves and ganglia. The .small 
nerves which aie fouial betw een the skin and the muscles of the back 
of the frog, and which become apparent when the former i.s bein<‘' 
stripped off, are extremely suitable for this pxiriX)se ; but they are l)est 
seen in the U^Ui or ‘ tree-frog,’ which is recommended by Dr. Beale 
as Ix^ing much superior to the common frog for the gener;d purposes 
of minute histological investigation. If it be wished to examine the 
nal uval apj)earance of the nerve -fibres, no other ffuid should be used 
than a little blood-serum ; but if they be treated with strong acetic 
acid, a contraction of their tubes takes place, by which the axis - 
cylinders are forced out from their cut extremities, so as to be made 
more apparent than they can be in any other way. On the other 
hand, by immersion of the tissue in a dilute solution of chromic acid 
(abf)u1> one pail of the solid crysials to two himdied of water), the 
uerve-tibres are rendered lirmer and more distinct. Again, the a\is- 
cylimlers are brought into di.stiiict view' by the staining pi‘0(>e.s.'^, 
being dyed much more quickly than their envelopes ; and tliev 
may thirs be readily made out by reffeeted light in transverse 
sections of nerves that have Ix^en thus treated. The ijdatinonfi 
fibres ace found in the greatest aliundnnce in the sym}.ia,thetic nerve.s; 
ami tlieir cha carters may be best studied in the smallec liranches of 
that .system. So for the examination oi‘ the ganglionic cells, and of 
tlieii’ relation to the nerve-tubes, it is better to take some minut(‘ 
ganglion as a whole (such as one of the synqiathctic ganglia of the 
frog, iiiou.se, or other small animal) than to dissect tiie larger 
ganglionic masses, wliose stnicture can only lie successfully studied 
by such as ai-e ])coficient in this kind of investigation. The nerves 
of the orbit of the eyes of fishes, with the ophthalmic ganglion and 
its branc-hes, rvhicli may be very readily got at in tlie skate, ami of 
which the components may be separated without much ilifiiculty. 
focm one of the most convenient objects for the demonstcation of the 
principal fociiis of nerve -tissue, and especially foe the <*onnection of 
nerve'fil>ce.s and ganglion-cells. For minute impiirie.s, however, into 
the ultimate distribution of the nerve- fibres in mirscles and sense- 
organs, certain .special methods must be followed, and very high 
magnifying powers must be employed. Those who ilesire to follow 
out i.his inquiry should acquaint themselves with the methods which 
have been found most successful in the hands of the aide histfdogids 
w'ho have devoted themselves to it.^ 

Circulation of the Blood. — Due of tlie most, interesting Spectade.s 
that the mieroseopist can enjoy is that which is furnished by tlie 

' For furtliKi’ information I'ogartling the nci'\'oiis system the iiieinoir of F. XiUiseii 
oil ‘The Stiuclnm and Combination of tlie Histological Elements of the Cculral 
Nervous System’ in Bergen’s AnnihereiniHtj fur 18B0 (IBH?!, p. 2'.). sliouhl 

he consulted. An excellent summary of the more valuable modern metliods of 
staining nerve-hbres and cells was given in lsi)2 to tlie Royal Microscupifaxl ttiKiety 
by Dr. C. E. Eeevor. See their iay2, p. s97. 
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circ«kti<m of the Wood in tJ,. l,lood.vc.s,..ls wind, dis- 

tribute the Hnid through the t3s.snes it iioiirislies Thi^ ,if rour 
can mily be observed in such parts of animal laali..;. as are'sulKdenlK' 
thin an.l transparent to allow of the transmission of light thrmndi 
them, without any disturhance of (heir ordii.arv strnctnre- and tf.e 
number of these is very limited. The wehofti.e frogls f,»t' is ,, cr- 
imps the most suitalile for ordinary (miposes. more espeei.dly since 
this animal is to be easily oldained in almost everv loralitv • -md the 
following IS the simple arraiigeineut prefevivd I'yv the Viltiior- \ 
piece of thin cork is to be obbiinod, al)oiit nine inches hiu-nnd three 
inches wide (such pieces are prepared by cork-cntter.s. as .^les) and 
hole about fths of an Inch in diameter is to be cut at a hr.ut tlie middle 
of its length, in sucli a position that, when the cork is seeured upon tlie 
sbige, this aperture may coiTespond with the axis of the mieroscone 
Tlie body of the frog is then to be folded in a piece of ealilai* 
one leg being left free, in such a. manner as to conhne its move- 
ments, but not to press too tightly upon its body; and heimr tlien 
laid down near one end of the (■.oik-plate, tlie free leg is To1)e ex- 
tended, so that the foot can belaid o\-cr the central aperture. The 
spreading out of the foot over the aperture is to he accomplished 
either bypassing pins through the edge of the web into the cork lie- 
iieath, or iiy tying the ends of the toes with threads to {dns stuck 
into the cork at a small disi.aiuo from tlie aperture ; the former 
nietho<l is hy far the least tronhlc.souie. and it mav he doiilited 
whether it is really the source of more suffering to tlie animal than 
tlie latter, the confinement heing obviously that wliicli is most felt, 
A few turns of tape, carried /oc/se/y around the calico Img. the pro- 
jecting leg, and the cork, serve to prevent any sudden start; and 
when all is secure, the coik-[)late is to he laid down u[)on tlie stage 
of the microscope, where a few more turns of tlie ta]>e will serve to 
keep it in place. The web being moistened u ith water (a precaution 
which should be rejieatcd ns often as tlie nieinlivane c-xhiliits the 
lea.st ap]iearance of dryness) and an adeipinte light lieing reflected 
through the web from the mirror, this wonderful .spectacle is brought 
into view on tlie adjustment of tlie focus (a jiowcr of from fa to 100 
diameters lioiiig the most suitable for ordinary purpnve.v). provided 
tliat no obstacle to tlie movement of tlie blood lx* produced by 
undue pressure upon the body or leg of the animal. It will not mi- 
freqiiently he found, liowever, that the current of blood is nearlv or 
altogether stagnant for a time; this seems occasionally due to the 
animars alarm at its new po.sition. wliich weakens or suq)eiids the 
ai'tion of its heart, the movement recommencing again after the 
lapse of a few miiintcs. although no change has been made in 
any of the external conditions. Thit if tlie movement slumld not 


renew itself, the tape wliich pa.ss(*s over tlie Ixxly .should ho slackened : 
and if this does not jii'oduce the d(*sii'ed eflect. tlie calico envelope 
also must be loosened. When everything has once been properly 
afljiisted, the animal will often lie for lioui-s without nuwing. or 
will only give an occasional twitih ; and even tlii.smay he avoided by 
previously subjecting it to the intluence of ether or cliloroform. which 
maybe renewed from time to time whilst it is umler ob.servation. 
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Tlie movement of the blood will be distinctly seen by that of its 
corpascles (fig, TDl), which course after one .another through the 
network of capillaries that intervenes between the smallest arteries 
and the smallest veins; in those tubes which pass most directh 
from the veins to the artei'ies tlie current is always in the same 
direction ; hut in those which pass across between these it may not 
un frequently be seen tliat the direction of the movement ch.a nges 
from time to time. The larger vessels with which the capillaries are 
seen to he connected arc almost nlwiiys veins, as may be known 
from the direction of the flow of blood in them fi'om the branches 
{b b) towaials their trunks (u) ; the arteries, wliose ultimate .sub' 
<11 visions discharge tlieinselves into the caj^illary network, are for 
tile most part resti'icted to the immediate borders of the toes. When 
a. power of ‘200 or 250 diameters is employed, the visible area is of 
course greatly reduced ; but the indivi<lual vessels and their contents 


b b 



are much more pluiuly seen : and it may then he observed that whilst 
the ‘red’ coiqmsch^s flow at a very rajiid rate along the centre of enclt 
tube, the ‘ white ’corpuscles, which are occasionally discernible, mov<- 
slowly in the clear stream near its margin. 

The circulation may also he displayed in the toinjae of the frog 
by laying the animal (previously chloroformed) on its baelv, witli il> 
head close to the hole in the covk-^date, and, after seenring tlie hoilv 
iti this position, drawing out tlie tongue with the forceps and fixing 
it on the other side of the hole with pins. 80, again, the circula 
tion may be examined in tlie -where it affords a spectacle of 

singular beauty— -or in tlie nmentfri} of the living IVog by laying 
open its body and drawing forth either organ, tlie animal having 
previously been made insensible by chloroform, The 'tadpole oH 
frog, when sufficiently young, furnishes a good display of the capillary 
circulation in its tail ; ami the difiieulty of keeping it quiet during 



CIHCULaTION- of liLOOII 


1057 


the obseryatioii may be mereome by »ta.li«,llv i„ixii,g 
water with tliat m which it is suimmi,,. „u{il it lavoim-s 
less ; tins usurill y linppens when it lias iKaai raised tr* a teiiiDei-af m.. ..r 
beUyoen 100" and 1 10" Fahr. ; and, n.itwirlistandiu- that the niascUs 
of the body are thrown into a slate of spasmodir ricriditv by this 
treatment, tlie^ heart eontlnnes to pulsate, and the circulation is 
inaintsiinedd The knn of Dm mtfrm-nruri, ulien it can 1 h‘ oltt-diiod 
furnishes a most beautiful display of tlu* (ha-ulatiou. ln»th in its 
external gills and in its delicate feet. It uaiy he inclosed in a lai'cn* 
aquatic box or in a shallow cell, gentle pressuiv heing uiadi- uiion 
its body, so as to confine its movements without siopjiiuo-the lu'art’s 
action. The circulation may also be se(‘n in tiu' tails (if small 'fish 
such as the minnoir or the ,sD('JdD,ad\ hy confining thes* animals in 
tubes, or in shallow cells, or in a large a(|iiatic imx ; hut allhom-h 
the extreme transparence of these parts adapls them well foi' this 
purpose in one respect, yet the cmiijiarativc scantiness of their 
Idood vessels prevents them froui being as suilanle as the froo-b 
in anotlier not less importa^it particular. One of the most hcimliful 
of all displays of the circulation, however, is that which mav h<- seen 
upon the yolk-hacj of young fisli (such as tlie salmon or timit ) soon 
.after they have been hatched; and as it is their habit to remain 
almost entirely motionhess at this stage of their existence, the ohscj-- 


vation can he made with the greatest facility by means of tlie 
zJiophyte-troiigli. The store of yolk which the volk-hag supplies 
for the nutrition of tlie embryo not being exhausted in tlie fish (as 
it is in the biial) previously to the liatcliing of the egy. ihis hag 
hangs down from the belly of tlie little creature on its emersion', 
and contiiiue.s to d(i .so until its contents have heim absorbed into 
the iiody, which tloes not take place for .some little time .after- 
wards. And the blood is distributed luer it in cojiious .streams, 
partly tliat it may draw into itself fresh nutritive material, and 
partly that it may be subjected to the aca-ating influence of the 
surroimdijig rvater. 

The tadpole serves, moreover, for tlie dispilav. under proper 
iiiaiiagejnent. not only of tlu‘ ca|)illary, hut of the (joiirral circulation ; 
and if this be studied under the biiioeular mici-osciqie. the observer 
not only enio\'s the gratitical ion of witnessing a most wondeiTul 
spectacle, but mav also obtain a more accurate luitiou of the rela- 
tions of the different parts of the circulating syst<'m than is other- 
wise pmssilde. The tadpsile. as evciy naturalist is aware, is 
essentially a fish in the early pieriod of its existence, hrt'athing by 
gills alone, and having its cii-cnlafing apparatus sinang'd accoiah 
iiigly ; but as its liiiihs arc dcvclojied. and its tail liecomcs rcialivcly 
sliorteiied, its lungs are gradually evolved in p)re]:aratioii foi‘ its 
terrestrial life, and the course of the blood is consiileraldy clinngcd. 
til tlie tadpole as it comes forth from the egg the gills are ejirntal. 
dtrming a piair of fringes hanging at the sides ol the head {lig. 792, l) 
and at the ba.ses of thest*. eoneealed by operoula or gill-flapis 

' A specinl fonii of lirc-liox fur 11ih oliservatiau of livii^L' tadpoles Ac., coiitibcd 
I'V Prof. P. E. Sdiulzc, is (ttscrihed aiul in ilio .Vkaw. Sn. 

ms. vol. vii, 1ISC7, p. i2til. 
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resembling those of fishes, are seen the rmliments of the mtenm} 
gills, which soon b?gin to be developed in the stead of the ]irecedini>-. 



Fu>. Civcmlation in the tadpole. 

1, Anterior portion of young tadpole, s^howiui: tlie external gills, nnth the ineipicni 
tufts of the internal gills, and the pair of minute tubes between the heart and th,' 
spirally coiled intestine, whicli are the nidiincnts of the future lungs. 

*>. More advanced tadpole, in which the external gills luxve almost disappeaiVil ; 
remnant of exiemal gilU on the left side ; b, operculum ; c, remnant of exteniul gii: 
on the light side, turned in, , . , ■ 

cl. Advanced tadpole, showing the course of the general circulation: o, lican : 
h hranciiial arteries; c, pericardium; d, internal gill; r, first or cephalic mnilr. 
/ branch to lip ; 0 i hi'iviclies to head ; sceond or branclnal trunk; i, third trunl;. 
muting with its fellow to form the abdominal aorta, whicii is continued as tlic caiKla' 
artery^ A*, to the extremity of. the tail; I <‘audal vein; nt, kidney; n, vena cina; 
0 , liver; />, vena porhn ; fi,\iiius venosus, receiving the jnguiar vein, i\ and the ih 
dominal veins, i, n, as also the branchial vein, r. 

4 The branchial circulation on a larger scale ; A, B, C, three primary branclio 
the branchial artery ; 0 , carLllaglnous arches ; b, additional framework; r, r, twigs ui 
brancdiial artery; 'J,/, rootlets of branchial vein, 

5. Origin of the vessels of the internal gills, y, from tlie roots of tliose of m- 

externah , , . , . , , . . 

(>. The heart, systemic arteries, pulmonary arteries and veins, and lungs, m mi' 
adult frog, the heart being turned up in the right-hand figure, to show the jinicf:-!. 
of the pulmonary veins and their entrance into the left auricle. 
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T^he exUrtKil gills rcficli their highest develo^nnetit on the fourth tn- 
fifth day after emersion; and they then witlier so I’iipidly {whilst 
being at the same time drawn in by the growth of the animal) that 
l)y the end of the first week only a reinnant of the right gill can he 
f^een under the edge of the opercnluiu ('J. c), though the left, gill 
(h) is somewhat later in its dis:ip[ie'.ii‘;iiu'e, (Joneurrently witli this 
<'han‘^e the intenuil gills are undergoing rapid developnient : and 
the hcautiful arrangeineni of fheir vasoular tofts, whieh originate 
from tlie roots of the arteries of tlie exteiaial gills, as seen at //, 5, is 
shown in 4. It is requisite that the tadpole snlqeeted to obser- 
vation should not be so far advaneeil as to have lost its eai'ly trans- 
parence of skin ; and it is further essential to \ he tracing out of tlie 
course of the abdominal vessels that the creature slamhl have been 
kept without food for some days, so that the intestine may cujptv 
itself. This starving process irduees tlie quantity nf red corpuscles, 

•in d thus renders the blood pider; but this, although it makes the 
smaller branches l&ss obvious, hriug.s the circulation in the largo- 
trunks into more distinct view. * Placing tlie iadpole on his back; 
says Mr. Whitney, ^ we look, as through .a [wiiie of glass, into the 
cliauiher of the chest, l^efore us is the heating heart, a bulbous- 
looking cavity, formed of tlie most delicate transparent tissue.s, 
throimh ivliich are seen the globules of the blood, iicrpetually, but 
;ilternatclY entering by one orifice and leaving it liy another. TIic 
heart (fig*^ .3, a) appears to be slung, as it were. betwee]i two 
arm.s or branches, extending right and left. Prom thcsi' trunks [h] 
the main aiterie.s arise. Tlie heart is inch>.se<l wilhin an envelope or 
pericardium (e), which is, perltaps, the most delicate, ami is, (’ertainly, 
the most elegant structm-e in the creature^s organism. 1 1.-^ (‘xtrentc 
finene.ss makes it often elude the eye under tlie smgle imcro, scope, 
but under the. binocular its form is distinctly revealed. 'I'lien it is 
seen as a canopy or tent, inclosing the heart, but of .such exlremc 
teuuitv that its folds are really the means In winch its existence is 
recognised. Passing along the course of the great vessels to the 
riglit and left of tlie lieart, the eye is arrested by a large oval body 
(fOof a more complicated .structure and dazzling appearance. Jhi.s 
is the internal gill, which in the tadpole is a cavity tormed of most 
delicate transparent ti.ssue. traversed by certain arteries, and lined 
bv a crimson network of blood-vessels, the interlacing ot winch, with 
their rapid currents and dancing globules, forms one ol Ihi' most 
lieautiful and dazzling exhibitions of vascularity.' Dt the tlii-ee 
arterial trunks xvbich arise on each side from the nyto'tosjis, 

h the fivst, or mihilk, c, is disl rihuted entirely to the head, riuuiing 
lirst along the upper edge of the gill, end giving oil a hrnneh.,/. to 
llie thick fringed lip which .eumrand.e llie mouth; after uliieh il. 
.mddenlv curves upwards .-ind hackwards, so as to reach the itplM 
.surface of the head, wdiere it dips betuee,, tlie e.ve • 

The second main trunk. seems to he ch.elly dis nhuted to^ cgil , 
.although it freelv conummicates hy a network of ves.ys bipi w h 
the first or cephalic and with the third or ahdoiiiinal trunk. The 
latter nl.so enters the gill and gives oft' hraiuh.-s; hut it 
its course ns n large trunk, liending downwards and cun m,!. twaid. 
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the !>pine, wliere it meets its fellow to form the abdoraiml ((oH(k i, 
whieli, after giving off branches to the abdoTniiml viscera, is cou- 
tiiuied as tlie oaudal artery ^ k, to the extmnity of the tail. The 
blocHi is returned from the tail by the caudal vehi, L which is 
gradually increased in size by its successive trihntaries as it |)sis.ses 
towards the abdominal cavity; here it approaches the kidney, 5 /^ 
and sends off a bi'auch which incloses that organ on one side, while 
the main trunk continues its course on the other, receiving trihutaries 
from the kidney as it ])<isses. The venous blood returnetl from the 
abdominal viscera, on the other hand, is collected into a trunk, p, 
known as the portal rcia, which distributes it through the substance 
of the liver, o, as in man; and after traversing that org-an it is dis 
charged Viy numerous fine channels, winch converge towards tlu' 
great abdominal trunk, or mta. cara^ n, as it passes in close pri)xii)ut\- 
to the liver, onwards to tlie slnu^ irnosus^ q, or rudimentary auricle 
of the heart. This also receives theyaj/n^uy vpIu. r, from the head, 
which first, however, passes downwards in front of the gill close tn 
its inner edge, and meets a vein t, (‘oming up from the abdomen, 
after wdiich it t\U'ns alu'uptly in tlie dii'ection of the heai-t. Two 
other abdominal veins, n, meet and pour their blood direct into flu* 
sinus veiiosus ; and into this civvity i>s also poured the aerated hlom] 
returned from the gill by the hrauclml rein, v, of whicli only the 
one on t1\e right sid(' can be distinguished. The lungs may be de- 
tected in a rudimentary state, even in the very young tad])ole. 
lieing in that stage a pair of minute tubular sacs, united at the ii}>jier 
extremities, and lying behind the intestine and close to the spi)ie. 
They may be best brought into view by immersing tlie tadpole for a 
few' days in a weak solution of ehromie, acid, which renders flu- 
tissue friable, so that th(“ parts that conceal tliem may he nioiv 
readily peeled away. Their gradual enlargement may be tvaci-d 
during the period of the tadpole's transparence ; but tiicy can onlv 
be bi-ought into view by dissection wlien the metamorphosis lia.s 
been completed. The following are Mr. Whitnc'v's diveetions fev 
displaying the circulation in the.se organs : ‘ Put the young frog into 
a wineglass and drop on him a single dro]) of cldorofuiu. Tliis 
suffices to extinguish seusibility. Then lay him on the hack on a 
[liece (tf cork and fix him with small pins passed through the weh 
of each foot, Kemo\e tlie skin of the aiidomen witli a fine pai)- of 
sharp scissors and forceps. Turn aside the intestines fro) n the k/t 
side, and tlius expense the left lung, which may now he seen a^ a 
glistening transparent .sie containing air-bulfifies. Mdth a line 
camel-hair jieiicil tiie lung may now be turned out, so as to euahle 
the operator to see a large part of it by trafismiUed light. T/n]iiii 
the frog and place him on a slip of glass, and then transmit t!u‘ 
light through the everted ))ortion of lung. Remember that tlie lung 
is very ela.stic, and is emifiied and collapsed by very sliglit pres.smv. 
Therefore, to succeed with this experiment, the lung should l>o 
toiiclieil as little as [tossible. and in the lightest manner, with the 
brush. If the heart is acting feebly yon will see simply a trans- 
parent sac, shajied according to the quantity of air-buhbles it may 
happen to contain, Imt void of red vascularity and circulation. Hut 
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should tlie opemtor «uco,ee(.l in gettm- thr hin<r woll placed, full <.f 
air, and have the heart ^till beating \ ig()rouslv. hV will see b^d’ore liini 
a brilliant picture of crimson network, alin^ with the dance an.l 
dazzle of blood-globules, in rapid chase of one another tlunindi rh.‘ 
delicate ami living iace-worh which lines the chamber of the'^Iuin^’ 
The position of^tlie lungs in itdation to the hcaid and tlm ^^reat. 
vascular trunks is shown in fig, 792, fi. ^ 

Illj6Cted Prep3>rd.tioils. Xext to the (‘ii'cnlation of tlie blood in 
the li\dng body, the varied distribution of the eapill;nies in its 
several organs, as shown Iry 
means of ^ injections ’ of culonr- 
ing matter thrown into their 
principal vessels, is one of the 
most interesting subjects of 
microscopic cxamiimtion. The 
art of making successful pre- 
[aarations of this kind is one 
in whicli perfection e^ln usually 
be attained only by long [)ra(;- 
tiee and by attention to a 
great number of minute par- 
ticulars ; and better specimens 
may be obtained, therefore, 
from those who have made it 
a business to produce them 
than are likely to be prepared by ainnteurs for theinsehe.s. For 
this 1‘eason no account of the process will be here ottered, the minute 
details wliicli need to 1)0 attended to, in order to attain .snecessfnl 



results, being readily accessible elsewhere to such as desiie to put it 
in practice.^ 

* See ospedally bie iirLii'le ‘ liijectioii ’ in the Dirlhmv!/\ 



Fig. 79t).- 'T i iiiisver^-e ^oflion of sniall 
f.iiip of rsLti, slio^uiig the villi ia fiili/. 



I062 


VEETEBRATEI) AXIMAL^^ 


Many anatomical pai-ta, ^vhen well injected and mountefl, become 
objects of both interest and instruction. This is the case with tlie 
villi of the intestine, seen in Pig. 793, which presents a transvei-se 
section, in which they are seen in situ, A thin section of the toe 
of a mouse (fig. 794) is another illustration of the effectiveness of 
this nio<le of preparation. 

A relation imiy generally be traced between the disposition of 
the capillary vessels and the functions they subserve; but thal 
I'olation is obviously, so to spei\k, of a mechanical kind, the arrange- 



Fig. 79.J. — Capillary ncUvork 
around 



Fig. 711(3.— Capillary network of 
muscle. 


nient of the vessels not in any way determining the function, hni 
merely administering to it, like the arrangement of water or gas 
pipes in a mamifactory. Tims, in fig, 795, we see that the capil- 
larie.s of adipose snhstance are disposed in a network with rounded 
me.shes, so as to distribute the bl(X)(l among tlie fatmclls ; whilst in 
fig. 7% Ave see the meshes enormously elongated, so ns to permit 
the muscular fibres to lie in them. Again, in fig. 797, we observe 
the disposition of the capillaries around the orifices of the follicles 



of a mucous membrane; wliilst in fig. 798 we see the loojH'd 
arrangement which exists in the ])a[)illavy surface of the skin, and 
which is subservient to the nutrition of tlm epidermis and to the 
activity of the sensory nerves. 

In no part of the circulating apparatus, howevei', does tiw 
dispo.sitioii of the capillaries present more points of interest than it 
does in the re.spiratory organs , In boi ly fishes the respiratory surtace 

Robin’s work, Du Mtcroscoim et <les Lijediom ; Prof. H. Fryys treatiKp, Dm .y'/' ''"' 
slcop nnd die mih'onkiyiiiHchc Tccknik', Dr. Beak’s How xo m>rk tcilh iliv Mia'o- 
ficope’, tlie Handbook to the 'Bhijn'udvgival Jiahofatary, and Rutherford’s am 
Scliufer’s treatises on Dradicfd HMahnju. 
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is tonned by an outwui-d extension into fi inges of mils, cacli of wliiel, 
consists ot an arcli with stnuglit lamime liangitig down fiom it aiul 
every one of these lairiime (fig, 7!lil) is f,n-„i.:hed with a .loul.le’ r,nv 
of leaflets, vvliich is most nimntely siippliod witli IJoKl-vessels 
fclieii' network (as seen at A) ’ 

))eing so close that its meshes 
(indicated by tlie dots in the 
Hgnre) cover less space than the 
vessels themselves. Tlio gills of 
fish are not ciliated on their 
surface, like those of moll uses 
ainl of the larva of the water- 
newt, the necessity for siicli a 
mode of renewing the fluid in 
(vintact with them l)eiiig super- 
seded by the muscular a[iparatus 
with winch their gill'chaudicr is 
furnished. But in batrachiaiis 
and reptiles the respiratory sui-- 
face is funned by the walls of 
ail internal cavity, that of the 
huujH ; these organs, however, 
are constructed on a plan very 
different from tliat whicli iJiey 
pre.sent in higher Yertcbrata, 
the great extension of suiface 



which is effected in tlie latter 
hv the minute subdivisioji of 
tii(‘ cavity not being here neces- 
sary. In the frog (for example) 
(he cavity of each lung is un- 
divided ; its walls, which are 
thill and luembraiions at the 
lower part, there present a 
siiu|)le smootii ex])anse; and it 
is onlvat the upper [lart. where 
the exteiLsions of the tracheal 
cartilage form a network over 
the interior, tint its surface is 
depressed into sn.c(‘uli whosi' 
lining is crowtled with blood- 
ve.ssels (fig, 800). In tliis 
maimer a set of air-cells is 
foi'ined in the thiikness of the 
u{>per wall of the lung, which 
crmnuinicnte with the general 


Fid. 700, — Two lirnueliiiil processes of llie 
gill of tlio ei'l, showing the braiifhinl 
liimt'llii.' : A, portion of one of these pm 
cpsses enlargetl, showi)ij( the eiipilhuy 
network of the hiinelhe, 



Fig, a do.— I nterior of upper part of 
Ivrg of frfy'. 


cavity, and verv much iucrea.se 

(be surface over ivliicli tlic Idood conies into relation with the air ; 
hut each air-cell has a capillary network of its own. which lies 
on one xside against its wall, so as only to lie exposed to the air 
on its free surface. In the elongated lung of the snake the siiiue 


ro64 


VEliTEI^KATED ANIMALS 


^enernl avvi^ngement jjrevails ; but the Ciirtilaginrins Teticiilatioii 
of its upper* part ])rqje<.‘ts mucli fai’tlier into the euvitv, and incloses 
in its lueshes {which are usually square, or nearly so) several lavei-s 
of air-cells, which communicate, one through another, with the 
generjil cavity. The structure of the lungs of birds presents us will) 
an arrangement of a very difterent kind, the purpose of which is to 
expose a very hirge amount of capillary suiface to the influence of the 
air. The entire mas.s of each lung may he consirlered a.s subdivided 
into an immense nuinher of ‘ lobules ’ or ‘liinglets’ (lig. HOI , B), each of 



Fio- SOI. — ■Iiitt^i’ior stTUft.ure of lung of fowl, iifi (lis'l'iliiVLHl by a section, A 
passing in the direction of a broiicliial tnbe, and by another section B 
cutting it across. 



Fio. 803.— xAn angement of tire capillaries on the walls of tire air-cells of 
the human lung. 


which lia.s its own bronchial tube (or 8\ibdivi.sion of the wind] 'i pc) 
and its own system of blood-vessels, which have very little com 
iiiunication with those of other lobules. Each lobule Iras a, cential 
ca.vitv, which closely I'eseiubles that of a frog's lung in miuiaiure. 
ha ving its walls strengthened by a network of cartilage derived from 
the broiicliial tube. A, in tire interspaces of which are openings lead- 
ing to sacc.uli in their substance. But each of these cavities is sur- 
rounded by a solid ple^xihs of blood-vessels, which does not seem to he 
covered by any limiting membiime, but wliich admits air from the 
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central cavity freely between its iiieslies : and tluis its capillaries are 
in innnediate relation with air on all sides- -a pimvisiou that is ob- 
viously very favourable to the complete and rapid acantinn of the hlood 
theyeontaind In the lung of man and mammals, again, tlie ])laii of 
structure di Hers tVoni the foregoing, thougli tlie general eil'eet of it is 
tlie same, F(a- its whole interior is divided up into miiuite air-cells, 
which freely eounnuiiieate with each oilim*. and with the nltiiiial<’ 
im ni heat ion, s of the air-tubes into wliieh the ti-achea subdivides; and 
the network of l>lood- vessels (fig, HOll) is so dispo.>ed in tlie [jartitioiH 
between these eavitie,s that the blood is cxposeil to the air on both 
sides. It ])a.s been (‘alculated tliat the nuuihor of these air-c(d]s 
grouj)ed around the termination of cacli air-tube in man is not less 
than eighteen tliousand, and that the total uumlim- in the entire 
lung is SIX h><iidi‘^d /ii.illions. 

' Oil tlic respirvtoi'y oiyiuis of Ijiivl-,. «.‘ti Ciiinpii-n;!, Lit IL-xj'/i'nlinn ilrn 
Pai'is, 1S75. 
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CRAPTKH XXIII 

APPLICATION OF THE MICROSCOPE TO GEOLOGICAL 

invp:stioation 

Tuk utility of tlie microscope is In- no means limited to the detev- 
niiiintioii of the structure and actions of the organised beings nt 
present living on the surface of the earth ; for a vast amount of 
information is afforded by its means to the geological incpiirer. not 
only witli regal'd to the essential nature and com[)ositioii of the rock- 
masses of wliicb its crust is composed, but also with regard to thi' 
minute characters of the many vegetable and animal romains tliat 
are intoml)ed therein. 

The systematic emjdoyment of the instrument in petrographieal 
l■e.''ea,rcb dates from 1858, when Dr. IT. C. SSorlyv, F.R.iS., published his 
cla.ssical paper • On the i\[icroscopical Structure of Crystals, indicating 
the Origin of Minerals ami Rocks.' ^ The observations in this papei- 
were leased upon tlic microscopical examination of thin sections of 
rocks and minerals ; still, although Dr. SSorby w’a.s the first to apjily 
this manner of invest igation to such objects, the first to suggest and 
arr<ange the method of preparing thin sections appears to have been 
William Xicol. A description of his method is given by H. Witliain 
(1831).“ Frevious to 1858 only those minerals coidd Vie examined 
microscopically which posseissed the necessary degree of transparency, 
w'liilst rocks were largely closed secrets. Xe^ ertheless Cordier (in 
1815) was able to determine the constituent minerals of many rocks 
by the .study of the powder under the microscope ; a iirocedure which 
Flenrian de Bellevue luul prmimi.sly recommended in 1800. and 
wliieli is still found valuable for certain purposes, 8even years before 
Dr. 8orb\''.s [laper appeared, tlie Cferman st'holav Oschat/. exldbitcd 
a scries of thin s(‘ctious of minerals aiid rocks and drew attentiou 
to their important bearing upon .structural studies, but the eolloctiou 
was regarded more as a curiosity than as a scientific achievement.’’’ 

Tliat i>a]>er. however, gave an enormous impetus to geological 
research, and this, in the hands of English and Oernian students, 
led to the growth of a ‘ micro-petrology.’ 

In order to examine minerals and rocks, sections must be pre- 
pared thin enough to permit of the use of transmitted light; ha- 

' Quart. Juiini. Graf, Sor. vol, xiv. IS.53, pp. 4jS-.''>00. 

- Observatioti^ on Fusiiil Vcgvtahh's, Edinburgh and London, 1B81. 

The history of tho application of the microscope to geology has been skokhed 
by F. Zli'kel in his paper Die Elnfiihrit]iij dvs Milaoskops in das niinentUnjisch- 
ftwlogischc Studiinu, Leipzig, ISHl, 
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this ]>u]'pose they ishoiihl he from about ^,„th to i,/„,i^h of an indi 
thick. 

A (hip about an inch Mpiare is struck or cut off the specimen to 
be studied, fine surface of this is then p:iouiid (km 11 011 a flat casl- 
iroii plate with ejneiy and wakr, This ^uhalin may be ilone citiier 1 iv 
hand or by meairs of a maebine specially constructed for this pmpose 
(Chap. Vil).* The former method will l>e described Imre, 'Wbt'n 
a smooth .surface is at la.st ol)tamed the specimen is well waslied with 
water and then polished upon u slab of [>lat(> glass wit li the tliiest 
flour emery and water. Wlieii all inerjualities are tiius removed tli(‘ 
fragment is again well cleansed from all adhering (-mery. 

The next process is to cement it ^^ ith Canada halsam upon a slab 
of <das,s about two inelies s<]iiare and alioiit an (dgluli of an imh in 
tbickne.ss. The Canada Iddsam is first lieated ov(n' a spirit ]ani]> in 
an ii'on spoon, care l;eing taken not to allow it to burn. This is tli(‘ 
most diflieult [wrtof the whole process, and fiiily expc'viencecan teach 
how long tlie balsam must be healed in order to jiosse.ss, on eooling, 
ilic iiee(*ssarv liardness. If it l)e lieated too long if will ci-aek ujimi 
coolimf. The right juniit aj»[)ears to be lhal in which large air bubbles 
force iliemselves through the viscous mass. 

A small C[iiantitx' of the warm balsam is |.)Oured ujion flic slab of 
ohis.s. and the .smooth surface of tlie rcKk-fraginent. being pre>.s('d into 
the lialsam, i.s held down upon the glass till the balsam liaiah-ns. The 
.'■^lab i.s then examined from its niidcv side to see that no airdmlddes 
liavc been included Ijetweeu tlie glass .and the stone. Should tliey 1 h‘ 
pre.sent in any (piantity, the whole ijrocc.ss must be repeat(al, AVlien 
the balsam ha.s (piite hardened, tlie other side of the tVagmeur is 
o-romid down with coarse emery and water on the iron plate, rpon 
tiie section commencing to become transparent, the grinding with tin* 
coarse emery must eease. The stone is then tlioroughly clean>('d 
with water, and the final grinding is eonducted u}.mi the jdatc-glass 
slab with flour emcrv and water. 

The slide is then placed under a stream of watio' in order to 
remove all trace.s of the emery powder from the minute p>ores ot tie* 
rock. Tliis is now the time/to employ clieiiiieal te.sts to^the eom- 
poneiit minerals, if sucli a course l)(‘ deemed advi.sible. If_ tlio rock 
is of a IVagile nature, it is well to mount tlie section as it isyliut in 
most casos^it is possible bv didicate manipulation, to remove d to a 
mounting more suited to optical ^^ (.rk. This transference is ellect(‘.i 


I F. G. Cuttoll (fit Canaleu Road, Riley ,18 B«n^ Avea^S 

Ii'nitiqin S I nud d, Kliotles, of Geoloj;}, 'Tfaiiua ..IKet, . .-,11 

•rood sections ; ’and the principal Fti’oliigical oiaicnuis ^ 
efllcieiit operators, Voigt and Ilochgesiing (CTottnigei, t VvniTrn cr iftsiutar 
(Bertim S.W„ 106 Alte Jacob Str.f do also inosteNcelleu noA 1^, uiai 

are more .skilful in overcoming clifticidties u\g. Mitli solt > . r J.,,vvus-svlu‘U 

can make thinner alices, ffence, it is y^'tter to sencUpe*^^ 
tiilniiess is desired ; but when the sizcul the slice g conspiemms, so 

ill England. In tv veiT thin slice the colour pheyo ■ ljut in rocks of 

that reduction Ijt thickness beyond a rertani is hardly possible 

to err on the side of thinness, and slices imak m bum ^ ^ 

li a student is purchasing ready-made s]^ecimens fioni » d ^ \ ^ ^ 1 .,. 

following rough test useful. Look through the .hce 

beyond ; it is too thick wlien the bar cannot be distinctly seen. 
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by tlic !ipplici\tion of a gentle beat to the slab until the balsfjj)) 
becomes litpiefied, when the section can be pushed with a piece of 
wive on to a suitable slide of glass. Obviously a dvop of balsam 
should be pouved upon the latter before the section is transferreih 
The slide is then warnuMl until tlie balsam becomes liquid, when the 
superhuous quantity is drawn over the upper surface of the section. 
When the section is completely covered with the balsam, a thin 
clean cover-glass is lield for a moment over the spirit Hame and laiil 
upon the section. Oentle pressure is then ap[)lied to the surface to 
bring it close down to the section and to remove all air-babhles. 
Tlie slide is then allowed to become quite hard, when it may be 
cleansed with turpentine or alcohol and ether. 

Very porous rocks must first be treated with Canada balsam, in 
order to give them the consistency necessary for tlie preparation of 
thill sections. Isolated mineral grains and sands can be mounted 
by means of Canada balsam dissolved inclilorofoi'in. The slide must 
not he heated, Imt evaporation allowed to take place. Anotlier 
method is described by Thoulet ; * wliilst very soft or decompose<l 
rocks should be ninunted according to Wichmaiin's projiosal,^ 

In the ;q)plicatloii of the mici'oscope to petrological and iniiiera- 
logical research the employment of polarised light is constantly re- 
quired, and various lucans and appliances arc needful for its most 
advantageous application, which are not required by the ordinarv 
microscopist. Considerable pains have been bestowed by both 
English and Continental makers to fulfil the requirements, and good 
insti'imients are now jdentiful.^ 

An instrument designed hy 3Ir. Allan Dick has been brought 
out by IMessrs. tl. Swift and Son, As tliis conildnes all that exjteri- 
eiice has led pelrologists to consider desirable for mineralogical 
ami petrological investigation, a brief account of it is sulqoined. Tr 
is .specially adapted to the study of the optical pro])ertics of minerals 
geuendly, and particularly to that of the thin plates of minerals seen 
in ordinarv sections of rocks prepared for micr().scopical examination. 
The microscope is .sliown in fig. 808, Init since the engraving was 
made one or t^^(.) improvement.s as to niatter.s of detail h.ave been 
iiiti’odiiced.^ 

The eyepiece tube is slotted at E to I'eceivp the micrometer scale 
(.shown detached at F), and to the tube is hinged the analy.sor IV. 
wducli is capable of independent vobitiou in the usual manner. 
Upon the eyepiece tube is mounted a toothe<l wheel, which gears 
ink) anolher toot Vied wlieel inouiitcd on one end of a rod formed of 
pinion wire, The stage, in the newest funiis, is fitted with a scale 
of rectangular divisions inserted to act as a finder, and with a rollci' 
object-clip (patented by the makers) in phu^eof the usual sliding bar. 
Below the stage, which lias neitlier sliding nor rotatory iuG\'ements. 

‘ .laHrt/''.'ii d(‘ ('hin<i(‘ et d<; Ph!jsi<{i.(e (5), xx. iip, 

Xschennak's MtHeraloffi^chf’ ttnd l\’tro(})'. Miif, Bd, v. iSHii, p. sj;). 

Mr, J. Swift,, of Tottenhaiii Court Road, Mr, Watson, of Holboni, London, iuicl 
Messrs. Henry Croue'h, Limited, ina.kn suitable instruments. Those construelod liv 
Zeiss, of Jena; Naeliel, of Paris ; Voigt and Uoc-hgesang, of Gottingen; Fness, ot 
Berlin; and Hartnack, of Potsdam, can also be rfconimcnded. 

‘ The instrument is protected by letters patent. 
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the pinion wire, tlie object being to allow of the raising oi' lowering 
of the body of the microscope for focussing. The analyser and the 
j)olavi.sei' may thus be rotated synclnononsly without, disconnecting 
tlieir toothed wheels. The polaviser, in the latest form of Oi'e 
instrument, is mounted on a crank arm, so that, if not requireii, it 
may he thrown out of the axis of the stand. Xow, in the microscopes 
usually consinictcd for petrological work the rotation of a small 
crystal on the shige lietween the polarising and the analysing prisms 
is liable to put it out of position in regaial to the cross-threads in 
the eyepiece, as the centring of the olijective is scarcely ever so 
perfect as not to jiroduce displacement ; and, if the centring 
be adjusted so as to be perfect for one objective, it is likely to ])e 
faulty for another. (By a small crystal is meant a cryshd under the 
KMt'oth of an inch in diameter, and of such thickness as one limls at 
the edges of petrological sections.) Hence, by the arrangomonr 
described above, centring is dispensed with, and the object is made to 
I’otate between tiie two prisms of the polaiising apparatus w ithout 
changing its position beneath the objective. To a petrologist who 
is accustomed to :l rotating stage and fixed cro.ss-wii'es, a familiar 
section appears strange when first looked at on a fixed stage with 
movable oross-wires,-hut after a few" hours' work with the instrument 
the feeling of strangeness passes and that of the soliil advantage (tf 
a perfect centring remains. 

On the })ola riser tube, above the tootlied wlieei and below tho 
stage, is fitted a goniometer, 1), which, in eomhmatiou with crossed 
lines in the eyepiece, will permit of t lie measurement of the angles of 
crystals without necessitating the shifting of the object wdien once 
acljusted in the field. (J is a set screw hy wdiich the ))olarising 
apparatus and goniometer may he fixed in any desired position, 
Both the analysing and polarising prisms arc divided to every 4-5'', a 
spring cateh marking tlie extinct ion ])oint. The opening hetwoeu 
the upper lens of the eyepiece and the analysing ]n‘ism B' (fig. 80:i) 
is for the purpose of idaeing such plates as the }- undulation plate K 
in position. 

The great value of the instrument is in the facility with which 
sludies in convergent liglit can he performed, 0 is a slide fittcil 
with a double convex lens whicli may he imed for showing <hc 
optical figures of ciystals, and II is a siuular slide carrying a lens 
and a diapliragm of small apeidure used for showing ojdical ])ietnn'> 
in minute crystals. The pola riser is fitted witli two convergent leiists. 
which work in conj unction with the lens A on the slide of tlie stage, 
wdien great convergence is required. This slide may he pushed in 
without disturhing the object upon the stage, The achromatic con- 
denser, A, shown at the foot of the figure, also works in conjunction 
with the .slidinglens, A , wdien the highest angulaioqiert ure is reijuired.' 

' Jn the latest nnule instnnnftiits a new acln-ouudlc eouvcr^^^eiit system is iiitw 
<luee<l over the polarise r. It gives N.A. oi I'OO, and aii aplanatic cone 0-92. When 
used as an unmevsioii condenser, these are increased respectively to I'ld and lan. 
It is fitted with an iris diaphragm placed above the polarising prism. A miile.i 
collar actuates tlie foiiissing of the lower portion oi the condenser. The fine adjust- 
ment is the differentiiil-serew form, which is sufficiently delicate and accurate to 
determine the refractive index of nhuerals by the difference between the focus taken 
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When convergent light is required tlio slide on tlu> stage and 
either G or H are pushed in, and the eyopieee covered udth tin' 
analyser Tlie optical figures of the ciystal tlien appear witli 
almost ideal cleai-ness. If t.his simple method is compart'd Avith thai 
previously in use, the superiority of the instrument will lie ini- 
inediately reco^ised, It is in fact the most jierfect iietrological 
microscope yet issued, and is one \\hich will suit equally tlm minera- 
logical and petrological student. 

The miorosco])ical investigation of rock sections has almost re- 
volutionised petrolog}^ _ Although the geologist has no ditficnlty in 
determining by his unaided eye with tlic use of simple chemical tests 
the mineral components of rocks of coai'se texture, tlie ease is 
difiereni with those of extremely fine grain ; still more with .s\ich as 
present an apparently homogeneous, compact, or gla.ssy clmraeb'r. 
Tiie study reveal.s facts of the most striking signiiicance, .and wel- 
come light has been thrown upon tlie question of the order and 
method of formation of rock constituents. • 

The material which issues from a v-okrano during an eruption 
is rarely in a state of complete fusion. In most rases it contains 
crystals and parts of crystals which have formed hefoie the arrival 
of the fluid mass at f.iie surface of tlm eavtli. Such crystals are 
nsuallv of large si>ce and can generally be recogiiisi'd witli tlie naked 
ove. But sometimes these have undergone utiier <-hanges liefove the 
final consolidation of tlie rock. They may have lieen fninual underhigh 
prcs.snre, for Ihe pressiii'e lowers themelting-jioiiitof most substances. 
Accordinglv. as the pressure is I'elicved u]jon tlie lava getting at or 
near the .surface, the crystals i\hich are floating in (he fused mass 
at tlie lime arc liable to become cori'oded or redi.ssolvi'd. Again, some 
subterranean change may produce a distinct ri.se in the tem}K'rature 
of the mass, or an acce.ss of heated water may inerease the solvent 
power of the molten portion. In.staiices of corrosion from one or 
more of tliese causes are numerous. Tlie quart/.es of the (juartz- 


tliron"-]i tlio subsbiune ami its outside nieasiim, ilio milled lu-nd teiii;; divided to I’C, 
and each division oqnnlling one thousandUi of a inillimef re. A wheel of small aiwr- 
tnres is tilted to the upper Bertrand lens nf the microscope for Pic [>nr]>os't> of show- 

imr optical pictures in minute cvy.slals of various sizes. 

The reader is referred to the following works freatiog of the udnwoincal chyac- 
1 CI S of minerals au<l rocks F. Fourjue et MiclLcl Levy, Minnvlnffh ihinwfrophiiiiir, 
Paris 1878; E.Hussak, Anlditnig-ztiin Mniei filtcti. 

f-eipzig Isa.*); E. Kalkowskv, Elcmriite der Liihohcilv, Hcidelkirg, issti; A. \ . 
Lasaiilx, Elniiente dcr Pdrof/raphd, Bonn, 1875, and htii/iilinotn vi fhr.Ju^HiewH- 

Breslau, 1886 (also edition iu French); Lmw et Woy, /.«■ JiupUYina; dr.v 

li vhes Paris. 1888 ; F. H. 'RoHQuhv\^('h,Mikrvs],-opisrh<' Fhj.'^Kir/rtiphir, ind ecuUoi), 
viil. i. ‘Die Mineralien ’(translated into English bylddingsi vol. )i. ‘Die imissigeu 
HUlMiihcUcn zur mih'OHkophchen yiinvmllMinniunnj ni 
(translated into English by F. H. Hatch'; and KUwvulv der {,rMnnlrhre, 18>, 
F. Rutlev. The St>i(hj of Hoch, 3rd edition, 1884. and 

J. J. H. Toall, Brlfhh Fctroqn^dip 1888: F. Zu'kel. LrhrUch der ictmjuxi>l<u, 
>i vols. 2iid edition, 189;-! : Bonn, 1870: /M; bcscM- 

iddieit dev Mlncraiien uxd Geddnr., Leipzig. 1873 ; pXfi 

\VJ.A. (ieoL Exploration of iiltb paralleB, W.aslung on, 18 A. f J 

icr Bttxdenh, 181).5 (1st edition I. The English student wdl find ^ 

nution and useful directions in Cl. A. J. Cole’s A » « to Pradica ““ 

literature is now so voluiuiiions that it is prac icallv impossib e to 
a. complete list ; for important papers will be found in ^ 

ing with geology, among which those published 111 the A mice ... is 
fcrgotteii. 
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povpliyric's have tins corroded appearance; ^vllilst tlie ])orpLyrit,ie 
constituents of tlie basic I'ocks (hornblende, olivine, ite.) not iin 
frequently show the same alteration (rfrfc fig, 804- ; the dotted lino 
lUHi'ks the 01 ‘iginal outline). In the case of the hornblende the 
dissolved portions usually give rise to the formation of small grains 
of augite and magnetite, which are then found encircling the 
• mother- crystal.’ Biotite is somewhat similarly affected, and some- 
times the whole crystal in either mineral may be rendered almost 
opaque by the se}iaration of minute grains of magnetite. 

The movement of the igneous mass may cause fracture of the 
crystals owing to strain oi‘ to mutual pre.ssurc. The piwie.s of .sucl; 
broken crystals may often be found in one and the same section, 
sometimes at no great distance from eaeli other. As the magma 
solidifies, a further development of m'ystals ocmirs. The products of 
this period constitute the " ground-mass ’ of the rock and are usuallv 
small in size, the microscope being frequently required for thcii- 
detection jind determination. 

A glass is sometimes produced in the last stiige of consolidation. 


A 

! 

i 

ii 

1 / 

Fi<i. aC L— CtimutHt nlivino in basalt Fic, 805. (Aftev ZlrltG.i 

of Kilimanjaro, East Africa. 

ami ap])ears as a base or ‘setting’ to tlie prcodously formed minerals. 
This, howev(‘r. is usually studded by minute mineral products cnih*a 
cryslalli.se under unfavourable circuin.stances. (Jencivi)lv 
sjieaking. these piroducts are present in two stages of devfdopineiit. 
’J'lie less perfect iy developetl forms of the.se are known as rrtiHtulJii<>. 
They occur in a variety of forms — hair-like, spherical. Ac. — and thr 
smaller foniis appear to be ojitically inactive. In some iiistaiK‘r>. 
such as tho.se tc'vmed ‘ globuliti's.' they may be minute segvega 
tions <if a glassy nature ; in others crystalline aggregates, in which 
from th(> extreme minuteness of the constituents and their muliuil 
interference the usual te.sfs fail ; in other cases they may l)c desig- 
nated embryonic crystals, 

Tile boilios belonging to the higiier stage of development are called 
>y//c/T^//tos! (>r (fig. BOo). Tlicy diffei' from tlie crystallites 

in possessing the internal structure of true crystals and in acting on 
polari.sed liglh. The position of the microlites witii reference t<i 
each other or to the large crystals is frequently an indicator of tlm 
movements of the original fluid mass. When streams of microlites 
are seen lying with their long axes in one direction, this diri'ction is 
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equivalent to tliat of the HoWj aiul whei'e .such streajiis encounter 
large crystals they sweep round them in graceful curves ; tliis 
appearance in a rock is known as fliixiou structure. 

In cei-tain glassy rocks ndcrolites in'(? coilecte<l into more or 
less sphericjil masses, exhibiting ti mdial structure, called spheru- 
lites ; commonly these are_ not biggei' than a pea, but sometimes 
they are one or two inches in diameter ; they are then less regular 
in shape and structure and are often named for distinction pyro- 
uicride.s. Chemical analysis often sliows 1]iat tlicy differ slightly 
ill conitMisition from the base. Crystalline rocks also sometimes 
exhibit a similar structure, e.g. tlie f)rbicalar diorite of Corsica. 

A. spberulitic .structure can be produced in a compact rock by subse- 
(pient heating, short of melting, and many glassy rocks in lapse of 
time become ‘devitrifi(‘d ' by setting up an (dtsenre confused crys- 
talline structure.^ 

Masses of molten materia, I may, liowevev. consolidate at a con- 
siderable depth beneath the surface of the earth : in such case.s th(' 
di.sti notion between tlie first and spcm id periods 
of crystallisation is not generally so well 
marked. 

A crystal is, in one respect. lik{‘ an 
organism— it is affected by its environment. 

The crystal modifies it.s surroundings, aiid 
is in turn modified by them ; there is action 
and reaction between if, and its enviromiient. 

Thi.s remarkable property of all ervstalline 
bodies is well .shown by the microsaqie. 

Crystals arc constantly found luiilt up of 
different layer, s or zone.s of material slightly 
unlike in their optical characters, and thus 
<li.ssimilar in chemica] constitution. This is 
the so-called zonal struetui'e. and is common in the felspars and 
augites — in .short, in nearly ail inineral.s wldcli admit ot isomor- 
phic replacement in their constituents (fig. Slid). Its presence in the 
(Vise of the augites is often indicated by .-i difference in colour, ilus 
structure may be experimentally prodnci'd by placing an arfihcinl 
crystal in a .solution of a substance isomorphic ^'^ith that of t le 



Fi(;. .SOG.— -Vugite 

zonal slriu'Uur. f.tftcr 
Zii-k-l.i 


crv.stal. . . , 

^ The microscope has rendered another great service, masmuen as 
it has enabled the petrologist to draw conclusions as to the 
conditiou of the fused mass or magma at the time ci\sta uni 1011 
coirimenced. All cliemists arc aware that when ciy stals me ^ eposi e 
tVoiu solutions at ordinaiT temperatures they usiudly wn 
cavities full of the mother-liquor. >\)w, the growth 01 ci>s a s n 
igneous rocks is exactly analogoii.s to that in a su|)e]^atlua e^< ^^0 ine 
solution. Portions of tlie fn.scd mass become entang ^ ‘ * v ir 
cooling remain in a glassy condition, or ‘become st^v, ^0 
lU'Oiluce what mnv be called glass- or .stone-cavities. Mheiifu 

> This subject is Aiscussca in /eiov. <>,/, &c. 188^ (P^es-aeutial 

iiikli'ess). 

' Sorby, QiuiTi. Jvurn. OcoL 185S, ft- -42. 
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under gimt pressiu'e by the combined influence of liquid water and 
fused mineral matter the crystals will contsiin glass-cavities and abo 
fluid inclusions. 

Glass -inclusions are very abundant in the porphyvitic crystals 
of volcanic rochs, and repi'esent to some extent the composition of 
the fused mass at the period of inclosure. The glass composing tlic 
inclusions is often darkei’ in colour than the glass forming the Ikisc 
of the rook. This is perhaps due to the presence in the glass of 
the inclusions of a greater amount of iron and the ba.ses usuallv 
associated with it. The glass often contains crystallites and micro- 
lites, due sometimes to inelosure at the same time, sometimes to .t 
subsequent crystallising action set up by the glass. Ga.s hubhk-s 
are also inclosed. 

The existence of fluid inclusions in crystals has long been known ; 
but not until Dr, Sorby directed his attention to the .suldect wa.s 
their universal distrihutiim in rock-constituents imagined, or their 
bearing upon geologiciU problems recrignised. They are often v(‘rv 
minute, being frequently les,s tlian of an inch in diameter. 

They are rare or absent in rocks of tlie vok^mic gi’oup, but arc 
especially characteristic of the })lutonic, rocks, such as granite, 
gabbro, diorite, Ac. Where glass-inclusions are common, flui.] 
inclusions are I'ai-e or wanting. 

The forms of such inclii.sion.s vary, but sometimes they arc 
bounded by planes corresponding to the exteiaial faces of the crystalN. 
in which case they are termed ‘ negative ’ crystals. 

Sometimes the fluid inclusions are so numerous in the quartzes 
of the granite.s as to ])c, according to Dr. 8{irb}',^ ‘ not aliove tlic 
of an inch apart. This agrees with the projiortion of a 
tlmusand millions to a cubic inch, and in some cases they must hp 
more than ten times as many.’ 

An intimate relation usually exists between tlm number of 
cavities in a crystal and the rate at wliich it was formed. 
Generally speaking, it may he siud that the move vapid the growtli. 
the more numerous the inclusions, 

Xot iufrecpiently the cavities contain luihhles varying froai 
, ;. ,\,y(,tli to i^jynth of au iiicl) in size. Tlicso bubldes .sometimes 
possess an apj>areiiily s)iontaneous movement, at other times heat 
must be applied to produce a change of position. 

According to Dr. Sorbv’s experiments, tiie bubbles arise in con- 
sequence of the contraction of the liquid on cooling from t]\e iiigli 
temperature at which tlie ca^'itie.s were filled, 

The nature of the Inclosed fluid has been determined with snnir 
accuracy. Generally the liquid is a solution of water charged witii 
salts; but occasionally it is sufllcieutly concentrated to cause the lie- 
position in the cavities of little cubes of salt. The presence lias al.se 
been established of liqiild carbonic. di<)xide, the bubble of which di> 
appeared at about '^’ 1 ° C., the critical point for this gas.- 

The discovery in tlie mineral components of plutonic rocks at 

1 Rorby, Qnoii. -Totnu. (tcoL'Sdc, IH5S, [i. -JHS. 

' The ti])pli(ifttion of tlie burning end af a eivau to the section is usually sutficioit 
to cause the bubble to disappear. 
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these flm.l me usions ,s of In.l, i,„i,ort„noe. I k,„l,n,„y 

oxiieriments iuive shown the enormous i„i„ei„l forming rs 

,josse=ssed bygrcntly heateil woter, wliiletlu. troso,,<x.,h1i,nh'l 

dioxide testifies to the eiioiinoiis (.lessmo niKleo ivlii.h ,,)„t„i,i,. 
rocks, such ns granite iind rliorite, iiavo consolidaterl 

Inclusions of gaseous matter iu'o also common’i and it is self- 
evident that tlie occurrence of one minevid in another is no rarity 
the included mineral being generally the obler. To .siudnnicvusronie 
inclusions of crystalline bodies is due tlm ivnmrknble e(^lour of some 
niinerals. In fact, so numerous and so minute are the inclusions in 
some minerals that even with higli powers ihe minerals aniit'ar to 
be cliargerl with the finest dust, loucite sometimes affords a 'ijood 
insUivce of this (fig. 807). Xot un frequently, as with it, tlie inc1tidt‘d 
luicrolites are so arranged as to outline a crvstal of tlie mineral. 

The foregoing allows us to conclude that an .'d).soliiteJy pure 
mineral is e.vceptional. All such mineral hoilies contain iiKdosnves 
of foreign matter which have become entangled <luring tbeir forma- 
tion; when they contiiin glassdncbisions tliey liavebecn iireeijjitatcd 
out of a mass in the condition of igneous fusion. It fallows tberelbi-e. 
that tlie presence of amorjdunis glass, either as 
a glassy residue or as glass-in cl msions, is a 
fj'cquciit characteristic of igneous rocks, 8 tilb yb 
the ah.sence of such material does not ;u^^ ays (fi. 

demonstrate a nnn-igneous origin, for jibitonic \\" '^j 

rocks, siicli as gi-anite, do not jmsse.ss this feature. 

Iriving become solid under circuiustances which (<,17 _j 
brought about complete crystallisation of the Kiliimujaro, 
materials, Glass-inclnsions arc certaiulv re- Afrga, 

|)<nte<l by Sigmund ^ to be present in the quartzes 
of the gi'anites of the Alonte Mulatto, near Predazzn, in Soutli 
Tvrol, but V, Chrustschofi' considers them pj’odiicts of contact - 
luetaiiiorphism. 

We have dealt liitlierlo more especially witli igneous masses, but 
tlio sedimentary rocks demand some attention. 

The microscope enables us to recognise t(isome e.xtent tlm sources 
wlienco the materials conijiosing elastic' rocks were <leriveib Ptn- 
instance, the presence of quartzes contaiinug immerous fond inclusions 
(especially those of ftnlionic dio.xide) and liair-like crystals of rutile 
leads iLs to conelnde they are derived from granites or .similar rocks. 
The cementeil material can also be studied and its nature determiueil 
in certain louse sands and sandstones tlieve has>ometinies occurred a 
curious [irocess which the micvc^scope first brought under notice. 
This is tlie precipitation on tlie outer .surface of rounded quartz- 
grains of a greater cu- less amount of silica, wbicb has beeri deposited 
in crystalline continuity witli tliat of the original juiclei (fig. HOB). 
The plienomenon is like tliat which Irqijams when uu ivveguhiv trag- 
laeut of a crystal is placed in a concentrated solutinu of the same 


’ ' t’eti'Oterapliisclie Stiulieii iviii Giimlt von I’retlAzzo,’ Johi'h. !<. I'lfic/r*;' 

Bfoxm. 187 t>,pP' atl5-;m , 

' (Im-k «■AtI^rT;)^=b^oliCJl. Her on this subject. T. tb Bouncy, Presalcntial ail- 
<bcss to Section C, Bi if. Aasuv. Hvjwrfs \ Blnuiuglumii, tsBh. 
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salt slowly evaporating. Restoration of the broken angles first bikes 
place ; then deposition goes on over the whole exposed sui-faco, in 
lierfect optical and crystalline continuity, so as to change a broken 
fragineut into definite crystal. A similar process frequently take^ 
place in limestones Avbich are not absolutely pured Sometimes this 
secondary deposit is carried so far on the grains of a clean sandstone 
t/hat the interstices are completel)' filled nj) and the rock is converted 
into a quartzite. 

Ry the micT0sccq)ical examination of volcanic dust or ashes it i^ 
j)Ossihlc to determine the constitution of the igneous imess whose 
eruption gave rise to such material. Tims the fishes and dustwhiefi 
fell at various places after the great Krakatoa eruption in 1883 were 
found to belong to an aci<l lava, a pyroxene andesite.- ^ 

Further, glacial boulders can be satisfactorily iileutified u itli rocks 
in situ by a microscopical examination of their thin sections. Tlnis 
Norwe<^ian rocks have been shown to occur as bouldens in tlu* 
Eastern Oountie.s, while Hwedish and Finnish 
roi'ks are common in the drift of Korth 
(lermany and Saxony. 

We noAV come to the discussion of tlic 
iiieia morphism to which fill rock-musses arc 
liable. The meta morphism caused by atiii'i- 
.spberic agencies results in decomposition :inil 
disintegration. The constituents are, of 
course, very differently aifectetl, but rajaditv 
of disintegintion demands the decomposition 
of one of the jirincipal constituents, 8uch a 
Fi<i. 808 .— Siuufj<nun (A) ^^^tituent is fclspav, which decomposes nndev 

with much quart?. (Bl de- . ... r- . 1 i -li 1 • 

posited on the Kuvthce tlie iimueuce of watm- charged Avitli carooinc 

(After Dr. Sorby.) j’Kdd into kaolin ; while the products of the 

deeomjiosition of non-jihnnintms ininenilsair 
carbonates, ferric oxide, and quartz. The minute iiccessorv con- 
stituents, such as the titfinuim oxides, are not aflected liy the.'^c 
agencies, and hence five to be found in all chiys and sandsv^ At 
greater depths from the surface disintegration is re].)laeed l>y tlm 
formation of new, especially hydrous, minerals. Thus seipentinc 
is formed from olivine, ami sometimes from suitable vai'ieties cl 
aiigite or hornblende; chlorite from biotit e; ejiidote from snitahle 
minerals, and so on. 

Thermal waters charged with \ arious substances are common in 
all \olcanic districts and play their part in the metamorphosis ct 
riKtks. Tn this wav a volcanic rock may becoiue silieified througli 
the percolation of such solutions; and miccoscojacal examination ha> 

‘ K. Withered, /cm ra. (Scr. xlviii. :i77. 

^ Sec J. Murray and A. Heuard on ‘Volcanic Ashes and Cosmic Dust’ in Anfio'c. 
1S84, Yol. xxix. p. 585: also J. W. Judd, Krakatoa Report, jmblished by the Royal 
Hoaety, 

^ W, JI. Hutchins, however, is of opinion that rutile is produced as a 
secondary mineral in certain slates, though he would not dis]mte_ its occurrence^ lo 
stated above (Gcob Mag, 1890, p. 2G4), A series of papers bearing ou the suImvct 
which he has published since that date in the same periodical are all wortky of 
carelut study. 
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shown that 171 portions of ilie Ttoche Castle rock, in PeinbrokesUivc. 
the porphyi'itic felspai's have been replaced by ((uartz,. Tlie 
tourmaline, gilberfite, and other minerals often fooiid at or near 
the junction of granite and sedimeiitaiii-s (e.g, in parts of Cornwall 
and Devon) are probably results of hydrotliennal nietainorpliisui, and 
in this way many metallic ores may be deposited ; while tlic conver- 
sion of peridotites into serpentines, sandstones into quartzites (not. 
to mention othei' insti-nices), are i-esults of the action of water, 
])robably with some slight increase of [)ressure and temperature. 

The intrusion of an igneous rock generally lias an iuqiortant 
influence on the structure and luinoralogical coin po.s!t Ion of the 
surrounding mass, portions of which it can iiicliide and partially 
dissolve (contact*] iiefcr morphism), flections from the junction of an 
i<Tneous rock with one of sedimentary origin are bigldy interesting. 
The mctamoi'phism is found to consist laigely in the develo[>meiit of 
new minerals, such as chia.stoUte, andalusite, bi'own and white mica, 
♦'■arncts, staurolite,t're. ; the first and third of these appear to form most 
readily, andalusite after a time replacing chiastolite; wliile tlie last 
three require high temperatures. Craduallv tlie original sedi- 
meutarv structure (li.sappears from a rock alfettwl hy contncl- 
laeta morphism, and one truly crystalline is set up, whicli. however, 
lias oharacter.s of its own.^ Lime.stoiie becoiiies crystalliuc, fossils 
disappearing, and minerals such as wollaslonite, iducrase, itc., are 
foi’iiied from impurities. Occasionally tlie heat is so intense as to 
fuse at least the niatrix of sandstones into a brownish glass. 

ITie inicro-scope lias also proved most useful in studying (.|ue.stlons 
relating to (lyiiamie mctamorjihism, or that due to ‘ earth -stre.sses.’ 
The deformation bv movement has sometimes been so great as to 
obliterate, partially or even wholly, the original structure of a rock^ 
The intense pressures must produce some elevation of tempera 
tui’o and increase the solvent action of water, so^ that' the original 
cou.stituents of tlie I'ock are destroy ed, partially, if not wholly, and 
at a later stage new minerals are proeluced. It lias been shown f hat 
manv gneisses and schists (tbougb not all) have been fonned by 
crusbing or shearing tVom igneous rock, e.g. gneis.s from granite, 
lioi-nhleude schist from dolcrite. In (lie former case, the crushing 
of the felspar, the formation of white mica and free quartz rom 
its dust ,3 tlie effects produced on the other minerals, can alM-e 
stndietl under tlie iiiiiTOScope ; and in tlie latter tlie a.iivovsion 
of augite into lionibleiide. This, however, inaylie broitolrt about by 
more than one cause, and eaeliprohalilyprodueeseflectswh,eheay« 
<li.«tiin;ui.<hed. These qiie.stions, however, on whidi imini 
petrolVs have been engaged for at lea.st lifteen f ™ 

too difficult and teohniral to bo discussed in a book ol this 1 . ■ 

eiiongh to say that heat, pressure, and Mater, sing } am o' , ^ . ■ 

praxluce important changes in rocks, man} of v ue i 
identified. 

‘ Boiuifv, Qxart. Journ. G,vi Sor. .sliv. 1’' 

I WnVto form readily in an 

■' A minute livdrons mu'a, often c idled h ^ (to whicli the name 

argilkoeous rock binder pressure. 
phyilitc U restricted by fioine authors) arc lavgcK compi s 
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The optical methods now in use enable the petvologist to deterrjuut- 
tlie constituents of rock-masses with gi’eat success. The colour 
of the mineral in t,vausiiut,ted light, the crystal lograpliic outlines, 
the direction of the cleavage planes, the polarisih-ion tints, the posi- 
tion of the axes of elasticity, as also of the optical axes, all these, 
with other minor properties, reiidei' his deteriiiiimtions of real value. 
In certain eases pleochroism is a valuable test ; this is well deve- 
loped in such minerals as hornblende, biotite, touriiuiline, A'c. 

Very iniijoi'tant service has been rendered by the iiiici’oseope in 
the study of the phenomena known jis optical anomalies. There 
exist a large number of uiiiierals which show in thin sections o]ttic;il 
properties which do not agree with those of the crystal system to 
which they belong. Experiment has proved that coin}>rcssion. 
strain, or other mechanical distortion, may cause amorphous l)odics. 
like glass, and crystsds belonging to the regular system 1o becenn' 
donhle-refi'acting, and a uniaxial crystal l)ecomes biaxial by tim appli- 
cation of pressure at right angles to its optical axis. 

Vtention may well be made here of 
the anomalies presente<l by the mineral 
leucite, W'hich is a most important con- 
stituent of the lavas of Vesuvius and 
the neighbourlaxxl of Kome. It crystal- 
lises a[)parently in icositetrahodra (tig, 
809), and thus to belong to the regular 
system it should lemaiu dark under 
crossetl uicols, that is, be isotropic. Tlie 
small crystals certainly T)ebave in tbi> 
manner, but tlie large ones display more 
or les.s double refraction with decided 



Pig. 8(10. Leucitc showing twin- 
striaboa under crossccl uicols. 
{After Zii’hcl.i 


traces of twin-lamelLv (fig. 809). TinV 
anomaly was fora longtime inexplicable, 
till Klein showed ‘ that .such crystals 


revert wlien heated to oOO^ C. to a condition of perfect isoti' 0 [)y. 
which pi’operty they again loseujion becoming cool. The conclusion 
to he drawn from his classical investigation is that the lencitc 
originally ci-ystallised in the regular system and that its present 
optical condition is owing to molecular change due to strains set ip' 
as the temperature falls during and after solidification. It i> 
worthy of notice that MIM. Fourpie and Michel Levy have syn- 
thetically produced a leudte rock, the leucites of which possessed 
the optical anomalies desorihed above. 

The relation between optiesd cbaracters and chemical constitu- 
tion has received some degree of attention, and in the case of tlu* 
felspar groii]:) h,as been accui-ately determined. Only tlie qnantifativc 
portion of tlie subject can be dealt with here, and wo must abstain 
from the discussion of those minerals whose microscopical appearance 
lead,s tlie trained petrologist. to draw fjualitath'p' couclnsiuns. by 
employing convergent light, a slice of a mineral, cut in the I'iglii 
direction, can be examined and an ‘optical picture’ obtained. 


^ For a flesoription cif the so f;allr*d ‘ ErIiitziuigs>-Mikrrjsko])/ see Gvoth's P/a/s.- 
ialische KriisfaUof/rapJiic, Leh>zij;, 1885, p. GSl, 
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Inferences maybe drawn from the presence or a])sence of tliis 011 the 
surface of eaiiiest clenvage in a flake. Iji a slice from a rock the 
minerals may be cut in any direction, and aj'c Dl'leii t(K) .sniall for 
proper study ; nevertheless i]ii|>ort;uitinter<nu'es may he drinvii from 
the shadow.s seen to sweep over them as the stage is rotated hetween 
crossed nicols,^ Even if only parallel rays be used, with tiie ordinarv 
apparatus, minerals often may 1)6 identified 's\'ith practical certainty 
from their optical cliaracters. Alinerals of the regular system, like 
colloids, being isotropic,^ produce no etl'ect on the [lolarisod inys, and 
thus remain dark between crossed iiicols. So do all slices cut from 
a uniaxial mineral perpendicular to the })rim‘i))al a.xis (tint of 
symmetry), for they are isotro])ic to light passing in that dirccti{in. 
The same property exists in all biaxial inijiei'als in two directions 
(called the optic axes). Hut in }):issing throng] 1 slices cut in any 
other directions from doubly rofracring mineral.^, the jjolavised i-ay is 
divided into two I'ays, vibrating in directions ])eipcndicnlar to (‘ach 
otbei- and coincident with three lines called the axes of elasticity, 
i.e. the directions of greatest, least, and mean el.astieity. AVhen tlm 


.slice is turned into siudi a })ositioii that two of tlieso correspoml 
with the vibration planes of the crossed iiicols, it becomes dark. If 
extinction (of light) occiU'S parallel witli the trace of a pinacoid or 
prism face (or with a coiTCSi)onding clemage plane) in a scidion 
through the vertical axis, or with the trace of the foi-mer in a section 
perpendicular to it, this is called -straight extinction.' hnf. if not, it 
is said to be oblique. Tims iii a uniaxial crystal_ every .dire cut 
parallel with the principal axis gives .stvaiglit extinction. In the 
orthorhombic sv.stem, the axes of elasticity cori'psjiond with tlu* 
crystallographic axes, so minerals belonging to it also extinguish 
strai^dit."^ lu the monoclinic system tlie ortlmdiagoual axi.s is an axis 
of elastieit^^ lienee the extin(;tion angle is at a maximum in clmo- 
fliaxronal sections, and is zero in the zone containing the ortho- and 
basSl pinacoids. Tn the triclinie system 1 1 lere is nc relation between 
tlie two sets of axes. Of t his system, hoa e\ er. oscillatory t w inmng. 
producing alternately l^andedVolouvs. is a frequent charact eristic. 
Measurements of the extinction angle are ot umeh value tor d|s 
tiiictivs pnrposes. Thus a rliombic iivasene can at nnee l)e da 
tin^idshod fn.in a inonoclinic by its stra.ftht ex inctKm.^ Asnn) tbe 
maximum extinction anfrle m a lioriililen. e falls sbm-t o .1 , in an 
austite it mav exceea 40b Tlie inaauitmle of tins angle is aftecto 
In changes in the chemical con.|.ositiou ot a mmetal : i ; 
i..; vevv saaall in soila-honibleu-les. such as glancopliane ami nebeeptn 
It varie.s in the felspar group, ami is very nsefnl la ‘ q 
the .several species.* Bnt as tlie minerals in a r»ck-s«tioii sell oin 
cliaiice to lie in the right positions for aoonrale nieasmenient. Ixttoi 


1 Sec (or a fall aecounlof din;vid.dnt«d«s 

That hiving; tl4e ether as u.ti.nate^ above, a 

•' Obviously, more tbiiii one ‘ extinction, 

monoolitiie mineral, if cut r ol- Snmmanes of results will be 

> Levy, DitermmUon Cole, Ahh in Practical 

found ill Rutley, Pod' ■/<»■»> mg am, h, PP' ’ 

Geoloi/,/ (see ‘ Felspar ' for tbe refcreneesl. 
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results are generally obtained by crushing up a small fragment of 
the rock itself ami mounting a few selected flakes^ which can readily 
be arranged for examination. Indeed, the study of a little powdered 
rfxik is often vahiable as an adjunct to that of a section, and when we 
have some special purpose in view, or specimens do not promise to he 
interesting, it may even obviate the necessity of cutting slices. 

The researches of the late Max Schuster have established theim 
porta lit fact that in tl ie normal plagioclase felspars, which may b»* 
conshlered as isomorphous mixtures of alhite (^«i2(Al2)8igOj5) aii<l 
anorthite (Ca(Al2)Si20g), the ojitical and chemical characters stand 
in the closest possible l elations to each other. Hence, given the 
extinction angle on a known surlace, the chemical constitution is 
known and, roughly speaking, the specific gravity. 

Another optical test of importance is the refractive index of a 
mineral. The methods of measuring this are described in most of 
the larger text-books, but much— often enough for all practical jtur- 
poses — can he done in a rough and ready way. For instance, 
minerals with a high refractive index, such as diamond, garnet, 
zircon, appear to stand out conspicuously on the slide. When they 
occur in sand or the powder of a rock this is even more marked, and 
internal reflection due to the large critical angle gives to the grain 
a strong dark outline. Again, if a mineial with a liigh refractive 
index be in apposition (a.s in a slice from a rock) with anothei- having 
a lower one, or with Canada balsam, and a quarter-inch objective be 
used (with a plane reflector) and focussed on tlie top of the first 
mineral, a thin bright line is seen just within its edge ; but whoii 
the focus is changed to the bottom, this appears without the edge. 

The importance of [>leochroi.''m lia.s been alreatly mentioned. It, 
is not seen in colourless minerals, or in slices so cut as to be isotropic 
in the plane at I'ight angles to the path of the transmitted beam, 
[n augite it is generally w^eak, though visible in some green 
varieties; but in hornblende strong, especially in certain varieties;. 
Olaucopliane exhibits a violet blue and a reddish purple ; riebeckite 
tiniis almost black ; biotite, chloiite, amblystegite, and tourmaline 
show it well, but iu iolite it can be seen only in thick slices, I'he 
student shoulil note the results as the polarised heain vibi ‘a tes parallel 
with each axis of elasticity ; these facts, however, a.s a rule, are more 
important to the petrogiapher than to the petrologist, and the latter 
will not find it worth his while to spend time in determining them. 

The polarisation tints of a. mineral, i.e. those seen with crossed 
nicols, <lepeml to some extent on the thickness of the slices, as has 
been already stated .but, they are often va riahle even in the sa me mineral . 
Hence, tliough, as a rule, the student will find each species gives a 
certain group of tints in the order of the chromatic scfde, lie must 
he prepared for abnormalities, For instance, quartz, when it occurs 
in a granite, usually gives high tints, hut in a trachyte they are 
rather low. At first, the student must. Vie cautious in drawing 
inferences from poVarisiition tints, hut after a. certain amount at 
pract ice he may do this with more confidence, though he will rely mori^ 
on the ‘quality’ than on the ‘quantity’ of the colour. For in- 
stance, though both augite and olivine usually afford rich colours.au 
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experience.! eye_ can generally t.'ll the .liftereiiee, for tlie latter 
appears more .liaplianous than tlie Ibnner, In petrolo-y a. in 
medicine, a c^antious empiricisin, whic-1. signifies ex])erien?e concen- 
trated and regulated by eounnon sense, is sonietinies even niore 
valuable than any amount of printed rules. 

On this account the student may Ixi giad to have a few .general 
directions {is to the be,st method of .studying a yuvk .slice. FirsT. 
look at it with a rather strong pocket lens, especially if it he cry.stal- 
line or fragmental, .so as to get a good idea of its i.v]ieral .^trnchire. 
which is .sometimes less easily seen under tJie mi.-ro, scope, because the 
field of view at any one time is sujall, and Idgh maonification may 
make it ' hard to .see tlie wood for the trees.’ Then place it on the. 
shige and examine first with transmitted, next witli refiocted light. 
The former shows wliat ininci-als are colourless, and rlie natural 
tints of the coloured, biinging out well .sliglit difi'er{>m-es<if structure, 
e.specifdly any due to incipient decom position d Tlie lattm' emddes 
him to distinguish tlie ojiaqiie minerals, c.g. pyrite from magnetite, 
sometimes the latter from other iron oxide's ; to ideutiCy native iron, 
awavnite, and gold ; perlmp.s also giaphite, but it is liettL'r to verify 
the last by powdering a little of the rock, when tb.' streak i.s ea.siU’ ol) 
tained. 8ometij lies we are helped in distingnisViing even transparent 
minerals by the different w;iy in which tliey rclleet light. Next, 
put on the [X)lari.ser and examine pleochroisin ; and lastly, insert the 
analyser, for the general study of the tints produced and especiallv 
of the extinction angle.s of (-ertain of the minerals. When a minevid 
gives very low polarisation tints, c.spcfially in the ca.se of certain 
aggregates, or we are .searcliing fior a gbessy i;asc in a slice crowded 
with microliths, we may be hel^.ed by inserting a selenite or (luartz 
plate (better just lielow the slide) to obtain a coloured field, 'Mbr the 
eye ciin be more sure of a diJfereiice of tint than of a very faint 
gliiuiiier of light. 

Ill dealing with rocks apparently (dastic we have to detei-mine 
whether tlie structure is original, or has been su] )eriiuhK‘eiI(by crushing 
or shearing); also what amount of mineral change lias subseip'ently 
ftfcurred, and of what this is sign ificaut—inve.sti gat ions wliich, 
though of the highest interest, are often by no viieaiis ea.sy, so that 
the most exjierienced woiher may oc.nisionallv be buttled. One final 
piece of advice : before adopting a concinsioii, look at it. all round, 
to see how it fits in with previously iiquired knowledge and the 
probabilities in the particular (‘a.*;e. 

The micro-.specti'o.scope lias not at present, been so much used 
by petvologists as it might have lieen. It has been enqdoyed 
by Professor Orville Derby in the determination of the pre- 
sence of niona/.ite in Brazilian .'^ands.'-^ This mineral contains a 
large percentage of didymium, and acconlingly gives the bands 

I Holes in Oie slice and bubbles in Uie bdsain, wliicli often beginner?, 

are now most readily detected. Also a mineral of easy cleavage is soinetimes slign . y 
ruptured in the yrhiebuf;, jn'orlncing difinwtion tints uis in calcitc). Hiese, betvveeii 
crossed ni col a, might Vai nfisUvlieit for oscillatory twinning; but at i he ] 'resent stage 
their true nature is obvious. , , • 

- Tliis inethod can also be used to enhaiu'e a weak pleochvowm. 

•' American Journai nj Sciemr, vob \xxvii. I'lO- 
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characteristic of that element. The test afibrded by studying the 
colour of the tlauie when n small fragment is acted upon by the blow- 
pipe is often valuable — but this, of course, hardly forms part of 
microscopy.^ 

The (liscovei'Y of the presence of foreign inclusions in all minerals 
has led to a remarkable revolution in mineral-chemistry. In earlier 
(lays it was customary t.o analyse a mineral without cpie.stioning its 
parity. Hence the early analyses and the formube developed there- 
from expre.ss the actual constitutiion plus tlie inclusions. IMethods 
have now been invented hy which the foreign matter oin be removed. 
Advantage is taken of the difference that is usual between the 
specific gravity of the mineral and that of its inclusions, the so-called 
Mie<avy solutions’ being employed for the se|)arati(m.^ Most satis- 
facteuw i-esults have been obtained by such means. In cases wlwuv 
the greatest acruvacy is necessary, the apparatus designed by Dr, 
P. Mann had better' be employed.^ It i.s well inici'oscopicjrlly to 
examine tlie isolated substance before executing the analysis, for 
the optical test with polarised light is so sensitive as to detect the 
siuulle.st impurities. Also, in the case of ordinary bulk analyses of 
rocks, it is advisable to follow the same course, as by doing so one 
is ofteir eiialded to make a (qualitative analysis with the mieroscope 
alone. 

A valuable adjunct to q)etrology is to be found in micro 
ehemi.stry,' [iistances sometime.s occur where a mineral cannot 
be sjrtisfactorily determined Iw its optical rharactei's, and in such 
cwses micro -chemical methods are resorted to. Let us suppose it is 
desirable to see wlrether any of the rock -components irre silicates 
containing soda and soluble in acids. Tlie cover-glass is aceordingiy 
removed and the balsam dissolved in alcohol. A weak solution of 
hydrochloric acid is then poni'ed ov(a' the sui-face, when, if soluble 
silicates are })resent, gelatinisatioii will take place. Uqroii allowing 
the gelatinous mass to evaporate little squares of salt will form if 
such a silicate is present. Sometimes colouring substances may 1)C 
used for the same purpose. Hy the treatmeut of a slide with nitric 
acid a silicate like luqdreline becomes porous and ])eTmeahle to 
anilin blue, fuchsiii, Ac. In tlie case of neqiholinc the colouring 
matter cannot be washed out, and hence ‘ .staining ’ proves a delicate 
test. 

Where such a cour.se is jiossihlo, minute qneees of the question- 
able minerals should he isolated and treated singly. There are two 

1 It wiis bv Szsibi' ami is wtll ilcsoribed iu G. -t. AitJss 

in FraduaJ GcoJ (Iff! li. vin. 

® Fnr their mode of qirepavatiou see Roseiibiiseh, MihroHlmplHche 
p. 206 d scq. (EiigHsb edition 1)Y Tddiiigs.) 

* NeiK'aJahrbncJi fur 'Ulinn’nlofjlr, iIt. Bd. ii, 1SS4, ]). IT'2. 

* Tlie following works can be consulted on this subject: E. Borichy, Eloiitrnh' 

cinernp.nmcli(’i)iw-h-mikroskoi>i^diei} Mincrnh itiiA (/(“.sdruf-v^indy-s-i? iSTi : 

T. H, Tiehrens, Miktachemisehe Mdhoden xur yUnerahtmhjfn', Anistoidam, ISSI ; 
Haushofev, Mikroskopisfhe Headionen, Brnunscliweij-, IBS.'; Kleiiient ct Ueinu'd. 
Fiactiomi microcliiyninncH d ryidoux, Wr',, Bruxelles, 18B6 ; Rosenbusch, JlpVo'o- 
skopische Fhyitioffrapine, ■vol. i. 188.5, 16.1-238 i English edition by Iddius:s': 

F. Eutley, Hork-fonuing Minernh, LoikIou, 1888. A UHctiil sunmiary of a numbin' 
of iiiieroclicmi(!al investigations is given hy C. A. Mcilahou, ilAufiVt/oi;. , 

vol.x.p. 79. 
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iiietbofls in use for testing f^ueli panicles inicro-elieiiiic^illy. T]\v 
first is tliat proposed l)y Boricky, who employed pure liydroditio- 
silicic acid (H^BiFg), which atlncks nhiiost all rock -forming minerals. 
The minei'al particle is placed upon a gl:t.s.s ohject-holder protecled 
from the action of the acid lyv a cosering of Canada halsnui, and lht‘ 
acid allowed to attack the mineral. Aftc-r eva[Kn'atinn an examina- 
tion under the rnica’oscojie reveals the [iresrnce of delicate cry.stals 
of the silico-fiuorides of the metals present in the mima-ah The 
nature of the crysbils may then he deteniiiacd microscopically. 

The second met hod is that j)i'0|i()>ed l)y Behrens, and mostly 
follows the usual method of eheiuical analysis. The isolateil [laitiele 
is heated in a .small platinum crueilde with ammonium tl noride, the 
ma.ss then evaporated with sulphuric acid and dis.solved in hot water. 
A. small quantity of the soluti(m is then e\a])Oi a(ed and examined. 
If calcinm is present in the mineral small crystals of gypsum will 
form. Other quantities are tieated nuth the ordinary rc.agent.s, 
Tlie cry still line product.^, which are the result, can be identitied hy 
opdieid nietlioils. It is possilde l>y Behrens's tests to detect the 
presence of O'OOOo mgr. CaO in a grain, 

li\ all cases it is advis,'ible to protect the objective during the 


micro.scopical examination Avith a thin sheik of white mica. 

d’he inici'osco]ie lin.s always [ilajed an important jiart in the 
science of PalSBOntology. The great work on ^ ^[icru-geology; 
published in ISo-') hv Profes.sor Bhrculierg, testifiis to the iiillnenco 
it liad. even at that period, tqion re.search of this nature. 

The result of the microscopic examination of lignite or fossilised 
wo(k1 and of ordinary coal is a good exaiiqile of the value of the 
instrument in this intere.sting dciiartment. Specimens of fossil 
wood in a state of more or les.s conqilete preservation are loiind in 
numerous strata of very different ages. Generally speaking, it is 
onlv 'when the wood is found to have hemi penetrated by silica tliat 
its or<mnic structure is ^y(^\\ preseiwed : hut instances occur every now 
and then in wliich penetration bv cmhoiiate of lime has proved equally 
favourable. In either ca.se transparent sections are needl'd tor the 
full display of the organisation. Occasionally, however it has Jia].- 
pened that the infiltration has filled the cavities 0 the cells and 
vessels, without consolidating then' walls; and as the lattei h.ue 
undergone decav without being replaced by anv cementing maieviah 
tl,« lignite, thus omnpose.l of tl.f internal ‘ casta ' ol lie tissues 
is rerl friable, its fibres squrating from ‘ 

...cWns- ‘trul lamime >nlit tisnuder with a knife, or i.solated fihies 
seiiiii-ateit I'ly vulibii,.!: lUnvn between the flyers, ''-'''’'’‘pip 
of tiKi woofiv stiaieVire extremely well wlieu iiioun eil in Ca • • 
balsam. Cimiorally speakinj:. the lipntes of tlie ij iy 
nveseiit a tfllevablv dose resemblance to the woo, Is of the exist, np 
hrloil 1 thus themilinary structure of aicotyleilouousaua > p 

llooous stems may be iliscovereil such ^ ^ 

,..fec«on ; ami tte ,«c.,lr.r Imvcever, 

tiimmb the strata to the Secondary porioil, we PJp'lJP'lh 

meet with the orilinavy lUcotylcilonmis structure ; ami the li-uites 
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the earliest deposits of these series are, almost universally, eitlier 
gymnosperms ^ or palms. 

Descending into the paheozoic series, \ve are presented in the 
vast coal formations of our own and other countries with an extra- 
ordinary proof of the prevalence of a most luxuriant vegetation in a 
comparatively early period of the world’s history. The <letermins.- 
tion of the characters of the Ferns^ SigUhnce^ Lqndockndm^ Cah- 
mltes^ and othei' hinds of vegetation wliose forms are presei ved in 
the shales or sandstones that are interposed between the sti'ata (»f 
coal, has been hitherto chiefly based on their external characters ; 
since it is seldom that these specimens present any such traces 
of minute intenial structui-e as can be subjected to microscopic 
elucidation. But persevering search has brought to light numerous 
examples of coal -plants whase internal structure is sulliciently well 
preserved to allow of its being stinlied niicros«)pically ; and the 
careful researches of Professor W. C. Willuimson have shown that 
they formed a series of connecting links between Ci-yptogamia 
and flowering plants, being obviously allied to Fquisetacece, Ltjco- 
podi'acctc, Ac., in the character of their fructification, whilst their 
stem-structure foi'eshadowed both ihe ‘endogeno\is ’ and ‘ exogenous’ 
lypes of the latter." Xotwithstanding the general alxsence of any 
definite form in the masses of decomposed vegetable matter of which 
coal itself consists, the traces of stviictiire revealed by the microscope 
are often suflicient — especially in the ordinary ‘bituminous’ coal - 
not only to determine its vegetable origin, but in some ca.ses to 
justify tlie botaui.st in assigning the character of the vegetation 
from which it must have been dei'ived ; and even where the stems 
and leaves are represented by nothing else than a stnictiircles.s mass 
of black (tarbonaceous matter, there are found difi'useil througii this 
a multitude of minute resinoid yellowish- brown granules, wiiich aiv 
sometimes aggregated in clusters and inclosed in saccnli ; and these 
may now be pretty certainly atfirmed to represent the s'po/rs, wdiile 
the sacculi represent the spoi'mujia, of gigantic Ljicopodmme of thi‘ 
Carboniferous llora.^ 

Lime-secreting algje are now known to have often played an 
impoi'tant part in the formation of calcareous rocks. Thost' 
organisiii.s called cuecoliths and ihabdoliths, which though sd 
minute are important constituents in chalk and some other lime- 
stones, are referred to these plants (? to the class and r. 

tiny tubular organism iiameil Cirvanella which occurs in various 
palaeozoic and later limestones is now generally regarded as an 
alga. According to Mr. K. Wetheretl ■* it plays an irajmrtnnt ]'art 
in the formation of pisolitic and oolitic gi-ains, iMoreov(“V 
calcareous algjc, such a.s Lithothamiiion, arc sometimes important 
constituents in Tertiary limestones, as for instance in the Leitl\a- 

1 Uiuler this Iwad are included the. Cijrarlecr, alon^ with the ordinary Conip’nf’, 
or pine and hr tribe. 

- See his Tiiemoivs on the coal-plants jnihlished ijithovoliunesof the P?o7. T/vih-s'., 
which are now being continued by Dr, D. H. Scott. 

'' I'or notes upon methods to lie employed in making preparations of eoah see 
Rutley, SfiuJij of ]ior]xS, 1884, p. 71. 

‘ Quart, jonru. Gt'oL Sor. xlvi. (18901, p. ‘270, .s.lviii. ]i. dT?, xlix. p. ‘23h. 
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science that the [>ast histoi-\- of the 

as may be found possilde/hv the study lif tli ! ' T T 

still going on Tlms,_ wl.en \vc meet with an extS^ st 
fossilised Diatomime lu wjiat is now dev |.n„l 01 

doi^t that tins silieions deposit oeiginaliy ^t^hZ! "u^th:: 
bottom of a vesh-wotei' lake o,^ heneati: the waters of tlie ml • 
just as such deposits are formed at the present time by tlie pldiu.-' 
tion and death ot suecessiie generations (,f these bodies w]h>m‘ 
indestructible casings accumulate in th.* lapsr of ages, .0 as to form 
ayers whose thickness is only limited ],y the time during wlii 
this process has been in action. In like manner, when we meet 
with a limestone rock entirely composed of the calcareous .shells of 
Foraminifera, some of them entire, others broken uii into miiiute 
pariides (as in tlie case of the limestone of tlie Carboni- 

ferous period, and the Xm^iUtic limestone of the Eocemd we 
interpret the ihenomenon by the fact that tin* drcd^dims obtained 
from certain parts of tlie ocean-bottom consist alum.st'' ent irelv of 
reniaius ol existing Foraminifera, in whieli entire shells, tlie aniinals 
of which maybe yet alive, are mingled witli the dchyh of otliors 
that have been reduced to a fragmentary .state, .Such a depodf 
consisting cliietly of OrhitoUU^s, is at preseiit in prnce.ss of formatimi 
on certain parts of the shores of Australia, as Dr. Caipenter was 
informed by Mr. J. Beeto Jukes, thus affording tlie exact }>arallel to 
the stratum ot Orbtlolilefi (belonging, as his own investigations liave 
led him to believe, to the very same s[)ecies) tint fornis^part of tlie 
‘calcaire grossier ^ of the Paris basin. Ho in the fine white mud 
wliich is brought up from almost every part of the sea-hottoni of the 
Levant, where it forms a straimn that is cmitinualli- underiroinir ,i 
.slow but steady ima-ease in thickness, the niici'oscopic researches of 
Profe.ssor W . G. AVillianison * liave shown, not only that it contains 
multitudes of miiuite remains of living organisms, boCi animal and 
vegetable, but that it is entirely or almost wholly com]»o.sed of such 
remains. Amongst these are about twenty-six .species of Dia- 
tomaceie (silicious), eight species of Foraminifera (calcareou.s), and a 
miscellaneous group of objects (fig. 810). con.si.sting of calcareous and 
silicious spicules of sponges and (lonjOiHce. ami fragments of the 
calcareoas skeletons of eehinodenns and molluscs. A ('ollection of 
forms stixmgly resembling tliat of the Levant mud, with the exce})tion 
of the silicious Diatomaceie, is fouml in many })ai’tsoflhe “ calcairi' 
gimder’ of the Paris basin, as well as in other extensive dejiosits of 
the same early Tertiary jieriod. 

It is, however, iu regard to the groat chalk formation tliat tlie 
information afforded l>y the microscojie has been nio.st valuable. 
Mention has already been made of tlie fact tliat a large proportion 
of the North Atlantic sea-bed 1ms been found to be covered with an 
‘ ooze ’ chiefly foruicd of the shells of ; and tliis fact, first 

determined by the examination of the small qu.antities brought up 
by the sounding a[)[);iratus, lia.s been fully confirmed by the results of 

> Mrnioirs of the Manrlicsfcr lifcrnni and 2^l>ilosoj)h<cal iSovkdij, vol. vii. 
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the more recent explorations of the ileep-sea with the dredge ; whicli, 
bringing up half a ton of this deposit at once, has shown that it is 
not a mere surface *iilm, but an enormous mass whose thickness cannot 
be even guessed at. ‘ Under the microscope,’ says Professor W^wille 
Thomson ^ of a Siunple of cwt, obtained by the dredge from a de j)t h 
of nearly three miles, ‘ the snriace-laypr was found to consist cldefiy 



Kio. HU). Mici’ 0 !iW[)lc orj^aiiisias in Lfvaiit mini: A, C, D, silicions 
spicuk'S of Tiilijia ; B, H, spicnlps of (Ti'ixlia ; E, oalcaveous spicule of 
(iiantiu ; F, G-, M, 0, portions of oalcaveons stcleton of ]'(hi)w<}iT)>\(it<i ; 
1, calcareous s})icule of durfjoiiia ; K, L, N, silicious spicules of sponges ; 
P, portion of prisuiiilic layer of sholl of l^inna. 


of entire shells of (M'nji’^rlna hidloide^. largo juuI snudl, and of frag- 
ments of such shells mixed witli a quantity of untorphous calcareous 
malter in fine pai'ticles, a little tine sand, and many spicules, portions 
of s[)icules, and shells of Uadlolarin^ a few spicules of s])onges. :ind a 
few frustulcs of <liatoms. Below the surface-layer the sediineut hc- 
coiues gradually more compact, ami a slight grey coloui', due proha t»ly 

' Tht^ Depthn of dif W^. Wee also Vm/fcryc of Challvugrr, cli. iii., aiul 

Cltallcnga- Heyjorf.s, especially ,SVa Geyjosifs' (Murray and Reuanl.) 
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to the (leconiposing ommic , 

perfect sliells of Glohigerma alunM aiv,|m(,'n!’*’f 

.•mailer, an,l calcareous u.u.l, st c a ^ Y'r'\ 

division, is in greatlv preponderating pro ra-.tK: ^ 

doubt, on examining this sediinenf tint it if,, t- , " “•‘l'^ 

the accumulate., and disintogratio;, of the shells of 6WaVm”“''th; 
shells fresh whole and living in tlie si.rfaee-laver of the deij t ■ 
and in the lower layers dead, and gradually ernndding down h ■ I ,'- 
decomposition of their organic cement, and by the i^e.ssure of ti c 
layers abm'e. tins white ndcareous mud also contains in lar-c 
amount the ‘c«ic,,l.ths and ‘coccospl.cres' formerly mentioned 
iNow the resemblance winch tins Ufotiycrom-mnd. when dried hears 



Fig. 811 . • Mici'oticopic oi'jiiini,sintj in chalk from llniveseiul : k, h c d 
Te.iixhtria glolulosa : v, e, c, Jiatalia ai^jn-ra : /, TiMtfdarin nn/hrda • 
g, Planularia hexas: h, yavindd, ’ 


to elinlk is so close as at (riur to su;,^gest the similai- orison of the 
latte?*; and this is fully eoutiiiiied hy microscopic exaiiiination. For 
many saiiqiles of it: consist in great idut of the minuter kindsS of 
Foraininitbra, es])ecially Glohn/p/'t ixv, wiios(^ sliells are imbedded in a 
mass of apparently aniorplions particles, many of whicli. nevertheless, 
present indications of being the disintegrated IVagments of similar 
sliells, or of larger calcareous organisnis, In the (halk of some 
localities the tlisintegrated [irisnis of PluHn, or of oilier large shells 
of the like structure (as /eocf /’G/zies]. form tlie great bulk of tlie 
recognisalile eompoiieuts ; ^\ liilst in otlier cases, again, the chief part 
is made u[) of tlie shells of Cglherlud. a maiane form of entouio- 
stracous crustacean. J>iilerent specimens of chalk vary greatly in 
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the proportion which not onl}' the distinctly oi'ganic remains bear to 
the amorphous residuum, but also the different kinds of the former 
bei^r to each other ; and this is quite what might l>e anticipated when 
we I’emeniber how one or another tribe of animals predominates 
in the ^several parts of a large area; but it may be fairly concluded, 
from whiit has been already stated of the amorphous component of 
the Olohi(jei'ma-m\id, that the amorphous constituent of chalk like- 
wise is the disintegi’ated residuum of foraiiiiniferal shells, or at any 
uite of some small calcareous organism. But, further, the Globiyerina- 
inud no^^■ in process of foimation is in some places literally crowded 
witiA s|X)nges having a complete silicious skeleton ; and some of them 
bear such an extraordinarily close resemblance, alike in structure 



Fio, S12.— MK-i'ostoiiif uiyanisnis I iu chalk from Meiutni, 

seen |uu’th' as ojnujvif, am\ ]nu'lly as triiiispareut objects. 

and in external form, to the Vfn^tricfditps wliieli are ^\■eil kno\Mi as 
chalk fossils, as to leave no reasonable doubt that these also were 
silicious sponges living on the bottom of tbe cretaceous sea . Finally 
(as was first pointed out l)y Dr. Sorlty) the cocccdiths and cocco- 
spheres at present found on tlie sea-hottom are often to be discovereil 
by tbe uiicroscopic examination (d chalk. ^ All these corres])ondcnc(‘s 
show that the formation of cludk took place under conditions 
essentially similar to those under which the deposit, of Olohiyeriito- 
mud is being formed over tlie Atlantic sea -bed at the {U'esent time. 

Jn examining chalk or other similar mixed aggregations, whose 

1 ‘On the Oi'j'iiiiic Origin of the so-called “ CrystallyidH” of Chalk’ in Ajjw. KoJ- 
Hist. ser. iii. vol. viii, 1861, lOH-'iOO. Murniy and Eonard, J)ri'p Sra Depo^ii'^ 
[Challenger Rrjiorfs), p. 257. 
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<K)njpoiient particiles are easily from eaeli other, it is tie- 

.sirable to separate, with as little trouble as possihle, the larger aiul 
moi'e definitely organ Lse<l bodies froui tlie minute amorphous particles ; 
and the mode of doing this will depend u[)on whether wc are operat- 
ing upon the largo or upon tlie small scale, If the former, a quantity 
of soft chalk should be rubbed to powtku' u ith water by means of a 
soft brush ; and thi,s water should then lie proceeded with according 
to the method of levigation ah’eady directed for .separating the 
Dlaiiojuacf^'f^. It wall usually he found that the fli'st deposits contain 
the larger Foraminifera, fragments of sliell, ih’., and that the .smaller 
Foraminifera and sponge-spicnles fall next, 1he fine amorphous jko'- 
ticles remaining diffused through the water after it has been .standing 
for some time, so that they may be poured away. The organisms 
thus separated .should be dried and mounted in Canada bal.sam. If 
the .smaller scale of preparation he pvefeniMl, as much chalk scraped 
fine Jis will lie on the point of a knife is to be laid on a drop of water 
on the glass slide, and allowed to remain there for a few seconds ; 
tlie water, with any fiarticles still floating' on it, should then be re- 
nioi'ed ; and the .sediment left on the glass should Ixi dried and 
mounted in balsam. For examining the structure of flints sucii 
eiilps as may he obtained with n iKumiiei* will commonly serve very 
well a clear translucent flint being first selected, and the cliip-s that 
are detained being soaked for a .short time in turpentine (which in- 
cre:iaes their tvaasparcnce) ; those wlncJi show organic structure, 
whether sponge-tissue nr xanthidia, are to he selected and mounted 
ill (Canada balsam. The nmst perfect specimens of sponge- struct ore. 
however, are only to be olitained l>y .slicing and |>olishing. 

Tlie study of thin si ice, s of flint and chert during late Years 
has thrown much light on tlieir origin and on tlie .structure of 
fossil sponges. Spicules are often found to be e.xtremely abundant. 
a.s in the clieiT (Upper Ciieen.sand) from the qiiariy by Vent nor 
.^tat,ion (Isle of Wight), where they can be detected by the naked eye. 
TTie radiolavia from the Tertiary marl of Ilarbadoes have long been 
known to micro.scopi.sts, but tliese organi.sms more recently have been 
detected in cherts. In Britain such cherts have been described 
from the Ordovician rocks of Alullion Island, Cornwall and ot south 
iScotland, and the Carbon iferoii.s of .south-west England. _ 

Tliere are various other de^Kisits. of les.s extent and nnpoitanee 
than the great chalk-formation, which are, like it, coniposed in grt.it 
part of microscopic oiganisins, cliietly minute Foraminifera ; and he 
presence of tliese may lie largely recognised, bv the assi.dmice of the 
l.ruTOScope, in sections of calcareous rexUs of various dates, whose 

<dl.er niAerials were fragments eorak cviuokI stems, or the ^le h 

of mollirscs. In the formation of the Coralhue C.vag (Tertiary) ot tliv 
eastern coast of England, poly/.oaries had the greatest shai^; hut 

. On the fovner subject soe G. b ilmde. 

-Spcnf^cs; on the latter, tbe sanw, f jnirodia-(hn to Stmhi of 

u,,.n the (>,,, 

and various small "f different 
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the Tertiary limestone of which Paris is chiefly built coiLsists almost 
exclusively of the shells of Miliolida, and is thus known as miliolito 
{millet -seed) limestone. In the v;jst stratum of liummiilitie liun'- 
stone which was formed in the earlier part of the Teidiavy })orio«l 
the microsc'ope enables us to see that the matrix in which the large 
eutii-e nnnmiulites are imbedded is itself composed of comminuted 
fiagments and young shells of the same, together witli minuter 
Eoraminifera. Similar orgjxnisms, with fragments of crinoids. 
mollascu, coral, (fee., are abundantly present in the Jurassic lime- 
stones in this country, in those of J^ecoiidan' age gejierally iu 
Europe, as well as in the Carboniferous and other Palffiozoic lime 
stones ; in tact, wherever subsequent changes have not rendered tlu' 
structure of the original constituents indistinguishable. Thus in 
the great plains of Russia there are certain l)an(ls of limestone of 
this eix)ch, varying in thickness from fifteen inches to five feet, ami 
fi‘e(^uently repeated thi'ough a vertical depth of two hundred fret 
uvei' very u ide area.s, whicli are almo.st entirely conqX).stsl of the 
extinct genus Fumlina. Again, those paits of the Carboniferous 
limestone of Ireland which have undergone least disturbance' can be 
plainly shown, by the examination of mic]'osc‘opic sections, to consi.st 
of the I'einaiiis of Foi-amiuifeiu, Polyzoa, fragments of corals. Ac. 
And where, as not uufrecpiently happens, beds of this limestone aj’t' 
separated by clay seams, tlu'sc are found to he loaded with * microzoa ' 
of various kinds, ptidicularlv Koraminifera (of which the iHamun iini 
has come down ti<> the present time), and tlie beautiful poi^■zoaries 
known as Mace-corals.’ 

Mention has been already made of ProfesstU' Ehreuberg's very 
remarkable dis(5overy that a large propoidion (to say the least) of the 
(jrent sands which present themselves in various stratified depD.sits. 
fnun the Silurian period to tlie Tertiary eiu, and in that called 
tile VpjKT Creensand, is composed of the casts of the interior nf 
minute shells of Foraminifera and Mollusca, the shells themsches 
having entirely disappeared. Tlie mineral material of tiie.se casts 
has not merely filled the cliambers and their communicating 
passages, but has also penetrated, even to its minutest ramifications, 
the canal -system of the intoi'mediate skeleton. The precise parallel 
to these de])osits presents itself in certain spots of the existing sea- 
liottom. .such as the Agulhas hank, near tlie Cap of f lood Hope, 
where the dredge comes up Indeii with a green sand, wdiieh oii 
microscopic cxaniiiiatiou proves to consist almost entirely of 
‘internal casts’ of existing Foraminifei'a.^ 

It is, however, in the case of the teeth, the bones, and the denual 
skeleton of vertebrate animals that the value of mieroscopic inquiry 
liecomes most apijarent; since their structure presents so many 
characti'ri.stics whicli are subject to well-marked variations in tlieir 
several classes, orders, and faniilies that a. knowledge of Ihesr 
clmrai'ters frecpieiitly enables the microscojhst to determine tin' 

^ Sc^e (duiUvnger ; Deep Sett DeposUn (AliuTiiy und Eienard), p. :!"s 

Ac. The- .siime volume describes y.ud (inures the microseujiic sU’Uctiu'c of remarlpdil* 
lUiiiifniiiese coiu-i'etioiis, dredged at great depths in tlie ocean, and often assoeiiitcl 
witli rirgauisnis. 



lkterminatios of fossil TEEiir ani. hones ,o,jr 

miaie of evon tho most h-mn^nfaw snocim,.,w n,- • 

.-feu- by the l„bo, Fosonsbos „f . 

ollowinK may given as exainib-s „r theie value .-A , k' 

tovmatiou extemls ovc-v v ,,a,ts of liiooa whose luiival 
V lainoters might justi y i .s being likene.l eithev to tlie 0!.l or to t ' 
.Ve,e Red ,San,lst<me ol us ctmutry. and ivla.se ,,o>i,io,, relatiwlv 
other stKita is such I, at there is g.vat diflienhv in oblabii,,.. 
evidence from the usual sources as to its |,la,,. in tlie'series Jte,u-e 
the only hope of settling tliis iniestion (ivhicl, was one' of . -mat 
practicjil im[xirtuiiee, since, if tl,,. fon.iation ua-re !>,.■ Iie,re„'.,l 
might be expected to underlie it, uhilst if 0/,/ 11, .,| „„ reasonable 
hope of coal could be entertained) lav in the .leienoination «f',|,e 
organic remains which this stratiiiu uiiglit vield; bul imf..rtiiiialelv 
these were few and fragmenhiry, consisting ehiefiv of teeth, wliieii 
lire .seldom perfectly pre- 
aS<n'vcd. From the gigan- 
tic size of thesse teeth, 
togetlier with their form, 
it was iit fii'st i lifer re<l 
tlint they belonged to &Ln- 
rinii reptiles, in which 
citse the sandstone would 
liaie been considered as 
\ew Ked ; but micro- 
scopic examination of 
iheir intimate structure 
iministakably proved 
( liem to belong to a 
genus of fishes {Dendro- 
d(f^) vvldch is exclusively 
jialaozoic, and thus de- 
cided tliat the foi'ination 
must be Old Red. So, 
again, the microscopic 

ex; im illation of certain fragments of teetli tbmid ii; a MindstoiH* of 
Warwickshire disclosed a most reinarkalile ty[ie of tooth-structure 
(shown in fig. 813), wliich was also ascertained to exist in certain teetli 
tliat had been discovereil in the ‘ Keupersandstein of ^\ iirtomberg ; 
and tlie identity or close resemblance of tlie animals to wliich these 
teetli belonged having been thus estahlishctL it became almost 
certain that the Wai'wickshire and WurtemV.mg saiidsiones were 
ef|uivalo lit formations. The next ipiest ion ai'ising (ac of fliis disemerv 
WHS the nature of the animal (provisionally tcianed Jjdorrinthdon 
a name expressive of the most|ieculiar feature in denral stnictnre) 
to wliich tliese teeth belomred. They Imd been reloi rtsl troni external 
clmracters merclv, to the Order of saurian reptiles: but it is now 
clear that thev were gigantic salamandroid Amph) aa. having iiiain 
points of relationship to Pemtodns (the Australian Maml-hsh ), 
which shows a similar, though simpler, dmital orgunsatmn. 

1 See liis 0 (Jo)ih>grfq>h!i 
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Tlie reseui-clies of Pi-ofessov Quekett on tlie niinute struetui-e of 
hone ^ ha\'e shown that from the average size and form of the lacuna*, 
thcii' disposition in regai-d to each othei' and to the Ttaversian 
canals, and the number and coui'se of the canalicuH, the nature of 
even a minute fragment of bone may often be determined Avith a 
considerable approach to certainty', aa in the following examples, 
among many which might be cited : — Dr, Falconer, the distinguished 
iiivestigtitor of the fossil remains of the Himalayan region, and the 
disco-verer of the gigantic fossil tortoise of the Sivalik hills, having 
met w ith ceitain small bones about which he w'as doubtful, placed 
them foi“ minute examination in the hands of Professor Quekett. 
who informed liim, on microscopic evidence, that tiioy might certainly 
be pronounced reptilian, and pi'ohably bek)uged to an animal of the 
tortoise tribe ; and this determination was fully Ixu'iie out by other 
evidence, Avliich led Dr. Falconer to cuuchide that tliey w'ere toe 
hone.s of his great tortoise. Some fragments of bone Avere found, 
many year.s since, in a chalk-pit, which were considered by Professor 
Owen to liaA'e formed jiart of the Aving-boncs of a longwvingcd sea- 
bird allied to the alKatixiss, This detenu i nation, founde<l solely on 
considerations derived from the very imperfectly preserved external 
forms of these fragments, wms called in question by some other 
palaeontologists, Avlio thought it more ))robahle tliat these hones 
belonged to a large species of the extinct gemis a dying 
lizju'd whose Aving Avas extended upon a single immensely prolonged 
<ligit. iNo s))ecies of pterodiictyle, however, a,t all comparable to 
tliis in dimensions, was at that time known ; and the characters 
furnished hv the configuration of the bones not being in any degree 
decisive, the question would have long remained unsettled had not 
an appeal been made to the microscopic test. Tliis appeal was so 
decisive, by shoAving that the minute structure of the hone in ques- 
tion corresponded exactly with that of plerodacivle b(me, and differed 
essentially from that of every kuOAvn bird, that no one Avho placed 
much reliance upon that evidence couhl enterLun the slightest donhr 
on the matter. [>y Professor Owen, hoAvever, the validity of that 
detenniuutioii Avas questioned, and the hone Avas still inaiutained la 
he that of a bii‘d, until the question Avas finally' set at rest, ainl the 
A'ulue of the micvoseopictest ti'inmjdiautly eoufirmed, by the<li.scovery 
of undoul)ted [derodaetyle bones of corresponding and eA'en of greater 
dimensions in the .same and other chidk quarries. 

The microscopic examination of tl\e sediments uoav in course of 
deposition on various paits of tlie great oceanic area, and es]>ecially 
of the large ] lumber of samples brought up in the ‘ Challenger ’sound- 
ings, lias led to this very reiuavkable conclusion — tliat the detritus 
resulting from the degmclatiou of oontincntal land -masses is not 
can-ied far from their shores, being entirely absent from the. bottom 
of tlie tx*ean-bjisins. Tlie se<liinents there found Aveve not ol 
oi'gnnic origin, but uiaiuly consist of A'olcanie rUhris and of clay that 
seems to have been produced by the di.sinttgvation of masses of very 

i Sec his inenKur on the ‘ ComnaratiA'e Structiu'c of Bouc ’ in the .Uavy-v-. 

Soc. wr. i. vol. ii. ; and the Vaiahjguv vfilic Mirn'inn of (hr h’"//. t'o/h 

of Siirgnot^, vol. ii. 
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ves^^‘lllar lava, ^^ili(•l^ Hftf*!’ long iloating niid flisjKn’.sioii by sunfaco- 
drift or ocenn “Currents, have become water-logged anil liave sunk to 
tlte bottom. As no ordiunry silieions saiul is tbuiul anywhere save 
in the neigltbourhood of continents and continental islands, and as 
almost all oceanic islands are either of \-oIcani(: origin or coral atolls, 
this almost universal absence of any trace of submerged continental 
land over the great oceanic area afl()rils strong eonhrmation to tlic 
belief that the sedimentary rocks ^\'liicli fonn the existing land were 
dej)o.sited in tlm neighbourhofjd of pro-exisiing land, whose degraila- 
tion furnished their ]iiaterials : anil suggests that the original 
disposition of the great eontinental and neeanie areas was not very 
different from what it now isd hurther, the microscopic exaininatiun 
of these oceanic sediments reveals the presence of extremely inimite 
particles, wliich seem to corres[)ond in composition to meteorites, and 
wliich there isstrong reason for vegardingas ‘ cosmic dust, ’ pervading 
the interplanetary spaces. Tims the a[)[ilicatiaii of the iiiici'oscope 
to the studv of these deposits brings us in contact with tVie greatest 
qiu'stions not onh' of terrestrial, but also of cosmical physics, and 
furnishes evidence of the highest \ alue for their solution. 


I See Sir A. CJeikic on <Geo^o-apliicalEvo]ntioa.’ Vrroij. ,S(,r._4iily 
aud for (letHiled results ‘ Preliniiuaiy Rei.i.it of Cnuye of " ' (A\ yi iUc 

Tiioiiwonl, Proc, livi/. Sac. vol, xmv. liSJG.i [i. RiiS, lUi.l ChaUoifjrr h^poih .>liiiia\ 
and Remirdj, Sea Lhposif-s^ [u :;2(. 
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(CHAPTER XXir 

^f^(:!nH:I{ysxALLIsATIo^\ optical properties of crystals. 

MOLECVL.IR CUALESCEECE. MICRO-CHEMICAL AXALYSIS. 

Altiioi'ou bv f:ir tlie most numerous and most important applica- 
tions of the microscope were formerly those by whicli the structure 
and actions of (a-iLjanised I)eings are made known to ns, yet tlie in 
creased attention which has been paid during recent years to the 
use of tlic microscope in elucidating the iuteiaial structure of 
crystalline substances, whether of natural or artificial origin, lri> 
made tl\is instrument as indispejisable to tlie crystallogiuplier and 
ihe mineralogist as it formerly wais to tlie physiologist. Solid sub- 
si auces are almost invariably found in nature or obtainctl ms laboi-a- 
torv products in the form indiv idual fraguienis, eatdi lavuuded bv 
plane surfaces which are inclined at such angles that tlie whole 
figure is poss<‘sscd of a greater or lesser degree of geometrical 
symmetry. Such solid hoflies are teianed crystals, ami, although 
fia-mcrly tiie i\‘gularity of external sha[>e (■oustituted the only avaii- 
al)h- means of na-oguising tliem, it is now demonsti'ateil that tho 
<"\1ernal form is itnly the result of the so-c-alled hohiofjr.npi/n^ 
iuteiaial structure of the crystal. This liomogeneitv of structun- 
^-rmsists in the arrangement of the smallest (diaracteristie particles 
<n- units of the structure iieing the same ahout every unit of the 
structure, Tlu* dilfereiit kinds of jiossilde homogeneous ariuiiiro- 
ments of points in space have been investigated by Riuvais, Sohuckc. 
and others,^ and on classifying them according to their symmetry 
tliey fall int*.) thirty-two classes identical with the thirty -two known 
{•ry.shilliuc systems. These thirty-two types of structure differ in 
their symmetry, and this difference is express(>il in the symmetry of 
the external form ; the external form, however, is very liable to 
distoition, in consequence of a laclc of uniformity in the conditions 
[)revai1ing during the growth of the cry.stal, and so is at best but an 
untrustworthy guide to the syiumetry of the inttaiial structure, 'the 
optica] properties <q’ tlie solid structure, also tliemselves expressions 
<if the symmetiy, and consequently of tlie crystalline, system, arc 
not disturbed by casual intiiiences to nearly so groat an e.xteut as is 
tlic regular external form ; the symmetrical variation of the optical 
projierties of crysmllim^ structures in accordance with the symmetry 

I S(!e A, H(.:hot'iiTiir.'s, Knisfalhijulciiir und KfijfittilLfri'ctiir, Leip/.ig, ]sDl. 
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„ arrangement of tl.e struetural units girus rise to the ,,I,enot,„.„., 
of double re&mtion eircular polarisati.,,,, |,leoehrois,n, observed 
with crystolline bodies. The importaut results to lie i.ntieipated 
fi-om the Tniero.soopic e.tamination of crvstilline prepurution., .s,,,.], 
rock sections, etc., was jiointed out liy H. (J. Snrbv in 1858 ; tlie inier.e 
■scopie methods as at present applied to pore ‘crv.stallographv liave 
been fully de, scribed by P. (iroth ' and l.v Tli. rdei.iscl,,'Avliilsttl,eir 
applicability to the identification of tlie crvstalline constituents of 
rocks has been exlmirstively treafed by ii , Pohsenljuselh^ 

Tlie study of crystalline iiiatei-ials in .siidi minute m-vstals as aiv 
appropriate .subjects for observation by the mieroscope is not onlv 
ji very interesting application of its poum's, but is capable .if 
aflfording some valuable bints to the dcsjgnev. Tliis is particm 
lardy tlie case witli cryshds of .s-aoc;, which lieloiig to .'mo of tli.. 

' hexagonal sy.stems/ tJie basis of every Hgiu'e being a iiexamm of 
six rays; for these rays * become iiuTu.sted witli an endless viirielv 
of secondary formations of tlm same 

kind, .some consisting of thin lainimc 

alone, others of soli.l but traiislnccmT 
prisms heaped one n[)on anotlier. ami 
others gorgeously combining lamime 
and pidsms in the idchest pirofii- 
-sioii," * the angles by which thcs(‘ 
tigni'es are Ixinmled being invari- 
ably 1)0' or ]*2(.)°. lleantiful ar- 
Iforescent foians are not. nufi'eipientlv 
produced lyv the peculiar iimdo of 
aggregation of individual crystals ; 
of this we Iiave often an example on 
a large scale on a frosted window : 
but microscopie crystallisatioiis >ome- 
times present the same curious plu‘- 
nomeiion (fig. 814). Avanturine. 

, . , T i IT 1 '1 f t a.- s] }.— 

lapis lazuli, crystallised silver, Ac, 
make very good specimen.s; whilst 

thill .sections of granite, g.abbro, and ollici' crystalline rocks, id.so ot 
agate, aragonite, piednioiitite. the zcolin^s, and other mineral.<. are 
very beautiful objects for the polariseopi’. 

Tile actual process of the foi'tiudioii oj crfjst^ds may lie w.atclied 
uialer the microscope with the greatest tacility. all that is nec('.s.s!iry 
being to lay on a sli[i of glass, pianinnsly wanned, a saturated .solu- 
tion of the sulvstance, and to incline the stage in a .slight degree, sn that 
the drop shall be thicker at its lower than at its upper edge. The 
crv.stalli,sation will .speedily begin at the uppt>r e.lge, where the pro- 
portion of liquid to solid is most <|uickly rclnced by evaporation, and 
will iiradnallv exteinl downwards, if it slmuld go on too slowly, 


' Leipzig, ISilii. , 

- Gmmlriss (h’r phifsih-iilisvht'ii Krij>itn^hi(intf‘h(\ ' v >. 

• Microscopical Fbisioi)rnph!/ of the Hork-unih>u/ Mweroh, L.nutmi, 
< Gl.iklKr on‘S,K.w W-Un' Qh«, 1. -hm. -f'™';. 

r. 17'.l. Sw iilso c. .V. Herins, Xots . ,/'. Knitl. lil. .viv. I8sN, p, 
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or should cease altogetlier, ’whilst a large pi-opoi’tioii of the liquid 
still remains, the .slide may be agjvin warmed, so as to re- dissolve 
the part already solidified, after >v'hich the process will recum 
mence with increased rapidity. ^J^his interesting spectacle ma’v 
be watched under any inicroscope, but the instrument specially 
designed by 0. Lehmann ^ is particularly adapted to studies of this 
kind. The degree of heat can be varied at will. The phenomena 
become far more striking, iKnvcver, when the crystals, as they come 
into being, are made to stand out bright upon a dark ground, by 
the use of the spot lens, the paraboloid, or any other form of black 
ground illumination ; still more beautiful is the s])pctaele when the 
polarising appiratus is eiiiployed, so as to invest the evystals with 
tlie most gorgeous variety of hues. 

By chemiciilly precipitating crystalline pi’oduets binder the micro- 
s(!ope we can obtain a still deeper insight into the crystallisatiou 
process. One of the earliest workers at this subject was Link.- 
who observed that precipitates first separate in the form of very 
minute liquid globules, and that these subsequently coagulate to 
form an undoubtedly crystalline precipitate. Later investigation 
of the subject by Frankenheim, and then by A^ogelsang,^ led to the 
conclusion that during the passage of a substance from the dissoh e<l 
to the crystalline state it passes through a whole series of inter- 
mediate sfiiges. On allowing sulphur to crystallise very .slowly from 
a. carbon bisulphide solution thickened ’vvitli Canada balsam, tlic 
liquid globules, wLich fir.st separate gradually, solidify to small 
isot ropic spheres termed glohnUtes ; these embryonic forms then 
coalesce, ^'ielding regular aggregates known as cvyskdlite^s. The 
latter subsequently arrange themselves in rows as martianks, 
several of which then amalgamate, forming lowjulites, and the 
proce.ss of aggi'egation proceeds until at last tlic criistallolds~ \\\(^ 
fii-st jnoduct in v liicli the structni'e of the ciystal itself is tracealh' 
— are obtained. The separate existence of so many transition forms 
has been disputed, notably by Behrens ; ^ but their mention serves 
the p\irpose of indicating that the formation of crystalline bodies is 
really an operation of considerable complexity. 

Upon the teiTi[)ei’atnre maintained during crystallisation depends 
the size and arrangement of the crystals. Thus santonin, when 
crvstallising rapidly on a very hot ydate, forms large crystals 
radiating from centres without any undulations ; when the heat is 
less considei-alfie the crystals are smaller, and show concentric 
waves of very decided form (lig. 815); but when the slij) of glass 
is cool the crystals are exceedingly mimitie. in the case of cupric 
sulphate, Mr. K. Thomas ^ succeeded, by keeping the slide at a 
temperature of from 80® to 90°, in obtaining most singular and 
beautiful forms of s-piral crystallisation, such as that represented in 

‘ Mohhularphijuik, 2 vols. Leipzig, 1S8S sviid 1SS‘J. 

' Poffff. Anfi. Bii. xlvl. 18S9, p. 2.5H, Die KttjsiaUittn, Bonn, 

* Die KrysiaUiten, Kiel, 1874. 

= See hia paper ' On the Crystallisation at vai-ious temperatures of the Ihnible 
Halt, Sulphate of Magnesia and Sulphate of Zinc,’ in Quart. Journ, Mivrosc. Svi. 
vi, pp. 137, 177. See also H. N, Draper on ‘Crystals for the Micro-polariscopc,’’ 
in Intellectual Observer, vol. vi. 18G5, p. 437. 
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feltic'k ]in,s showi'i 1 j. 

curved forms am be obtained bv dis nU 
santonin, .tc., in 

sihca. The nature of tlie action that t ike 

stood by allowing a drop of the silica' solut inn f **^‘'**^' ‘'*1- 

the result of wliich will be the iiroduction of , 

cracks, many of them eurvdh^rt^ hI 1 r% 

iimtion tend to i-adiute from a ceiitiv tlie f t’ • 

will often give them a tanlem! 1 , T 

silica is to intro<l, ice a vm- slight culling nftrj.rsl' ™n"l, clev',! 

tion above the slu e fe, e.vh bit fragments of Newt ,u’s i«!s vl t 

IS illnimnated with Powell and Lealaud's .nodiheation of R-ofe , ■ 



Ftg. Slit.— Racliiitiii" crystullitiatiou of buntoniji. 


Sinitli’s dark-ground illinniiritoi' for high jjowers, awl viewed wirli 
a 1th objective. AYith crystalline substances these actions add to 
the variety of colours to l)e ohtaineil with tlie ].iolai'iscope, the 
best slides exhibiting a series of tertiary tints. ^ Verv interesting 
results may often be obtained from a mixture of twf) or more sfdts. 
and .some of the double salts give forms of peculiar bejuity. U. Leh- 
nwnn has done excellent work in this department ; but reference 
must be bax.1 to his previously mentioned uork ou “ Molekiilarphysik ’ 
for a description of the phenomena such mixtures exhibit. Tlio 
following list specifies the salts and other siil>stances whose crystalline 
forms are most interesting. When these are viewcfl with polarised 
liglit some of them exinbit a beautiful variety of colours of their 
own, whilst others require the interposition of the selenite plate for 

^ ‘ On tlie Employment of Colloid Silica in the preibirtilioH of Crystals U\r »lie 
Polai'iscope/ in Monthbj Miovsr. Jouni. v. p. oO. 
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tlie development of cjoloiir. The subwtnnces marked d are clistin- 
^niished by possessing the curious property termed pleockroim, 
wliich was first notiee<l by Dr, Wollaston and carefully investigated 
1 )Y Hir D. Brewster. This property, to which was previously applied 
the misnomer dichroism, consists in tlie exhibition by these crystals 
nf colours varying with the direction in which they are examined ; 
thus, the cube*shaped crystals of magnesium platinocyanide reflect 
light ot‘ a deep red colour from two parallel fiices, whilst light of n 
vivid beetle-green is reflected from the other four faces. Pleo(du’oisin 
is only exhibited by doubly refracting substances, and is Ciiused by 
the fact that the two plane polaidsed I’nys into which a ray passing 
into the crystnl is decomposed, are absorbed selectively — that is to 
say, the crystalline me<linm absorbs light of certain colours from the 
one polarised ray, whilst absorbing quite differently coloured com- 
ponents from the second ray. Pleochroie substaiu'es are most easil\- 



l-'us. Siti, -S]tival (.irysffillisatioa of copiioi* salphate. 


recognised l\v the fact that tliev ehaiigc in colour when rotated mi 
the microscope stage in ])lane polarised light— namely, when onlyca'' 
Xicol prism is interposed between the eye and tiie lamp. It imt 
unfroquontly happens that a remarkably beautiful specimen ol 
crystallisation develops itself which the observer <lesires to kce)» 
for dis])lay. In ordoi' to do this successfully, it is necessaiy to 
exclude the uii-; and Mr. Warrington rccoiiuiieiids castor oil as the 
best preservative. A small (juautity of this slionld be poured 011 
the crystdlised surface, a gentle warmth applied, ami a thin glass 
cover then laid upon tlie ih'0|) and gradually pressed down ; and 
after the superfluous oil lacs Iteen removed from the margin a coat 
of gohl-sixe or otlier varnish is to bo applied. Although most of the 
objects furnislted by vegetable and animal structures, which arc 
advantageously shown by polarised light, have been alresuly noticed 
in their appinpriate places, it will be useful here to recapitulate tlto 
principal, with some additions. 


SALTS Foil CRYSTALLISATION 


Alum 

Ammonium Borate 
Chloride 

„ Hydrogen Tartrate 
„ Nitrate 

„ Oxalate 

„ Oxaluraie 

„ Phosphate 

„ Platiiiocyanide, d 

„ Sulphate • 

Urate 

Asparagine 
Aspartic Acid 
Barium Chloride 
,, Nitrate 
Bismuth 
Boracie Acid 
Cadmium Sulphate 
Calcium Carbonate (from urine of 
horse) 

Calcium Hydrogen Tartrate 
,, Oxalate 
Cholcstcrin 

Chromic Amiiionlum Oxalate, d 
Oxalate 

,, Potassium Oxalate, d 
,, B inoxalate 

Cinclionidine 
Citric Acid 
Cobalt Chloride 
Cupric Acetate, d 

Ammonium Chloride 
,, Sulphate 

Magnesium 
Potassium ., 

Nitrate 

Sulplnite 

J'errous Cobalt Sniphate 
Sulphate 
Jlilipiiric Acid 
Lead Phosphate, d 
Magnesiimi Ammon iuni I’iiospliate 
(trom urine) 

Magnesium Sulphate 
Manganese Acetate 
Mannitol 
Margarine 
Mercuric Chloiidc 
„ Cyanide 
Murcxicle 
Nickel Sulphate 
Oxalic Add 
Potassium Arsenate 
„ Carbonate 

Chlorate 
,, Chromate 

„ Dichromate 

Ferricyanide 
„ FeiTocyanide 
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Potassium Ifydrogen Carbonate 
■> >. Tartrate 

Iodide 
Nitrate 
.1 Oxalate 

'* Permanganate 

Snlpliate 

Qoinidine 

(Quinine Hydriodide 
Salic in 
Sallgenin 
Santonin 
Sodium Acetate 

borate (borax) 

Carbonate 
t'hloiide 
Nil rate 
M Oxalate 

Phosphate 
H Sulphate 

M Tartrate 

' Urate 

Stearin 

Strontimn Nitrate 
Sugar 

Tartaric Acid 
'ihalliinn Platiiiichloride 
Uranium Nitrate 
Uric Acid 
/inc Acetate 
,, Sulphate 

Vt:(icl((ble 

Cuticles. Hail's, and Scales, from 
Leaves 

Pibics of Cotton and Ulax 
Jlapliides 

Spival cells and \c?sels 
Star eh -grains 

\\'ood, longitudinal sections of, 
inounted in balsam 

-Hiinm/. 

I' ibros and Spicules of Sponges 
Polypidoms of Hydrox.oa 
Spicules of (jorgonia; 

Polyzoaries 

Tongues (Palates) of Ga.stentpods 
mounted in balsam 
Cuttle-fish bone 
Scales of Fishes 
Sections of Kgg-shelU 
Hairs 
„ Cuills 

Horns 
of Shells 
,, Skin 

„ Teeth 

„ Tendon, longitudinal 


Molecular Coalescence. — liciuai'kable imKliiieutions arn .shown 
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in the ordinai-v forms of crystallisable substanceSj wlieu the ax^n-e- 
gation of the inorganic particles takes place in the presence of certain 
kinds of organic matter; and a class of facts of great interest in 
their bearing u]K)n the mode of formation of various calcihed struc- 
tures in the bcxlies of animals was brought to light by the ingenions 
researches of Mr. llainey/ whose method of experimenting essentially 
consisted in bringing about a slow decomposition of the cjilcium sidts 
cniibiined in gum-arabic by the agency of potassium liydrogen car- 
bonate. The result is the foriiiatioiiof spheroidal concretions of calcin)!i 
cai-bonate, which progressively inci’ease in diameter at the expense of 
an amorphous deposit which at lii'st intervenes between them, two 
such spherules scnnetimes coalescing to produce ^ dumb-bells/ whilst 
the coalescence of a laigei* numbei^ gi^'es rise to the mulberry-lit e 
body shown in fig. 817, h. The particles of such comjwsite spherules 
appear suhse(|uoutly to undergo rearrangement according to a definite 
].4au of which the stages are shown at c and d ; and it is upon this 
plan that the fuither increase t:\kes place, by which such lai'ger con- 
cretions as are shown at o. a. 
are gradually produced . Tlie 
sti’ucture of these, especially 
when examined by pola vised 
light, is found to corresjjoirl 
very closely witli that of the 
small calculous concretioi'is 
whieli a}-e common in tin* 
urine of the horse, and 
•uliieh were at one time 
supposed to have a matrix 
of cellular structure. The 
small calcareous concretions 
termed otoliths, or ear- 
stones, found in the audi- 
tory sacs of fishes, present an 
ari’angement of tlieiv j^ar 
tides essentially fi\e same. 
Similar concretionary spheroids have already l)een mentioned as 
oceuii'ing iu the skin of the shrimp and other im])erfectly calcified 
shells of Crustacea ; they occur also iu certain imiievfect layers of 
tlie shells of ^lollusca ; anil we have a very good example of them 
in tlie outer layer of the envelope of what is commonly known as a 
^soft egg,' or an ‘ egg without sliell/ the calcareous dc}X)sit in tlic 
fibrous matting already described being here insutheient to sididifv 
it. In the extenud layer of an ordinary egg-shell, on the other 
hand, the concretions have enlarged themselves by tlie progres- 
sive accretion of cidcareous particles, so as to form a confinuous 
layer, which consists of a series of polygonal plates resembling those 
of a tessellated pavement. In tiie solid ‘ siielis ’ of the eggs of the 

< .See his treatise * On tiie Mode of i enimtion of the Shells of Animats, of Bone, 
mid of several other sLvuetures, by a \iro<.'ess of Moleeiiliiv Coalescenoo, demo list oil' te 
ill certain artificially I'onned products,’ IBriS; and his ‘Further Ex peri men Is and 
Ob.sevvulioiiH ' iu Quart, Journ. Micrmr. Sci, n.s. vol, i, IStll, p. i'i. 



Fui, BIT. — Artificial ooncretious of 
c-iU’bouate of lime. 


I lOI 


HAKTIXG’S C.\LCO-GL0BULI\I': 


ostrich and cassowary this ronorofinirn-.- i 

thickne. ; .n<i va-tjod .s .ell . 

„u the seeles of fehes there cau be nu ,lonbt tLt of 'ihe 

calcaijeousaeiwait which they contain is for.,.e,l up™ the same ,,l 

'"h. f '"iry '='y'>‘-'^'''/'>''t.nn,K,rauionsIy ,,nrs«e.l hy 
Piotessoi Halting, gf Utrecht, wlio, workim*’ on a iil'm fm-nl i 
mentally the same as that of Mr. Rainey (vi,.. The shm preciphation 
of m,so nblc calcum safe in the pn,en<a of an onianic ‘ colloid b 
has notonly eonfirnied hut greatly e.yten.led Ids lesults, showing 
that with animal colloids (such as egg-alhiinirn, hlood-sermu or a 
solution of gelatine) a mucli greater variety of forius may be thus 
produced, many ot tlieiii having a strong reseiublancr to calcareous 
structures hitherto known only as o(viivriiig in tlie bodies ofuniiuals 
of various classes. The mode of experimenting nsmillv followed bv 
Professor Haiding was to cover the hollow of an ordinary porcelam 
plate with a layer of the organic liquid to the deptli of from to 
0-0 of an inch, and then to immerse in the boi'der of the Hunld ’ ' 
but at diametrically opposite points, the solid salts intended to act 
on one another by double decomposition, such as calcium chloride 
nitrate, or acetate, and pohWum or sodium carbonate- so tliat^ 
being very gradually dissolved, the two substances may conie slowly 
to act upon eacdi other, and may throw down their pi-ecipitate in the 
midst of the ‘ colloid.’ The n hole is then covered with a ]>late of ^dass. 
amUeft for some days in a state of perfect ti-aiapiillity ; when there 
begins to appear at various spots on the surface minute points re- 
flecting light, which gradually increase and coalesce, so as to form a 
crust that comes to adhere to the border of the ]date ; whilst another 
portion of tlie jirecipitate subsides, and covers tlie bottom of tli(‘ 
plate, llouml tlie two spots where the sfdts are ])laced in the first 
instance the calcareous deposits liave a diflereut character : so that 


in the .same experiment several very distinct products are generally 
obtained, each in some particular spot. The length of time requisite 
is found to vary with the temperature, l^eing generally from two to 
eight weeks. By the intrcaluctioii of such a colouring matter as 
madder, logwood, or carmine, the concretions take the hue. of the 
one employed. When these concretions arc treated \\ith dilute 
acid, so that their calcareous particles are wholly dissolved out, 
tliore is found to remain a basis substance wliicb [u-t‘servc.s tla- form 


<jf cacli ; this, which consists of the • colloid ’ so^newhat modilierl. is 
termed by Hurting cako-ijlohidiM. Besides the globular concretions 
with the peculiar coucenti'ic and radiating arrangement obtained 
by Hr. Bainey (fig, 817), Professor Hai-ting obtained a great 
variety of forms bearing some re'^tmiblnnco to the following: 1. The 
• discolitlis ’ and ‘ cyatholitbs ’ of Huxley, 2. The tubereulated 
■sjacules’ of Alcyoimria, and the very .dmilar sjarades in the 
mantle of some species of Jkn'k. d, Luuella* nf * prismatic shell- 
sulistmico/ which are very closely imitated hy ci-usts formed of 
flattened polyhedra. found on the surface of tlie •colloid, 4. The 
spheroidid concretions which form a sort ot rudimentary shell witliin 
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the 1 )( kIv of L imu ,i •. 5 . Tlie simioiis laniellfe which in te r vene between 
the parallel plates of the ‘ sepiostaire ’ of the cniile-jish ,, the imitation 
of this being singularly exattt, 6. The Ciileareous concretions that 
give solidity to the ^ shell ’ of the bird’s egg, the semblance of whii-li 
Professor Halting was able to produce m situ by dissoUiiig awav 
the calttireous component of the egg-shell by dilute acid, then iiu- 
iuer.smg the entire egg in a concentrated solution of calcium chloride, 
and transferring it thence to a concentrated eolation of j)otassiuin 
carl donate, \vith which, in some cases, a little sodium phosphate 
was mixedd Other foims of remarkable regularity and delinite 
ue.ss, dilferiiig entirely from anything that ordinary crystallisation 
would produce, but not known to have their parallels in living bodies, 
have been obtained hy Profes.sor Hartiiig. Looking to the relations 
between the calaireons deposits in tl\e scales of fishe.s and those hv 
which bones and teeth are solidified, it can sciircely be doubted that 
the principle of ' molecular coalescence ’ is applicable to the latter, 
us well as to the forinei>; and that an extension and variation of tins 
methcxl of experimenting would throw much light on the process ot' 
ossification and tooth formation. The cnnuectiou of these results 
with the work of Vogelsang {[i. lOtIb) on globulites and utlicv 
embryonic crystalline forms is obvious. The inquiiy has l»ecn 
further prosecuted by Dr. W, M. Ord, with express reference to the 
formation of urinary and other calculi.^ 

Micro*clieillical Analysis. — The methods which .serve for the 
qualitative analysis of chemical substances, an<l which are hased 
upon the reactions .shown by such subsbuices when treated with 
solutions of various reagents, have been applied by numbers of 
Avorkers to the identification of the constituents of a material by the 
aid of chemical reactions, the results of which are traced upon the 
uiicro.scope stage. Thus a vei'v complete scheme has been worked 
out by H. Behrens fm- the detection of the constitnenis of inorganic 
comj)oiinds,^ and a somewhat similar, although naturally less com- 
prehensive, scheme has been given by the siiiue author for tlie 
identification of organic oompoiimls.'^ The analytical methods ;irc 
intended primarily to serve for identifying tlie conqionents of a 
material available only in small quantities; but in manv cases the 
luicro-ehemical method is more rajiidly applied, .and is more 
accurate in its results, tliau the ordinary processes of qualitative 
.analysis. In applying the microscojie foi’ this purpose the substance 
to be examined is placeil upon a watch-glass or glass slide, either in 
tiie solid state or in the form of a solution ; the various crystanini* 
forms which make their appearance as a result of the addition vi' 
difiereut reagents are then noted, and from the information thus 
obtained a knowledge of the constituents of the original substance is 
deduced. A very important application of micro-chemical analysis 

' See Prof. Hiu'tiiig’s Tierherches de Morphnloyit^ /ifpifhttiqiK' aur la pmlurfio)i 
nrfiJ'rcU'llcdv quvlquts Fonnaf ionn Calc<iitTsJn<)r(/ani<iHVH, p'uhUvc>iparl'Artt<lti}<‘r 
Royalc Xef^rlandaifie clcs i^civtices, Aiubtordain, 1S72 ; aiul •Joiiri), MicroKc. 

Sci. xii, p. XIS. 

' See his treatise Oa the Tufiiirnre of Colloiih upon (.'ryatalliiK: F<>nii mnl 
Coheuon, Ijondou, lS79. 

' Aiilritiing sur mUcradwinibchm Analijae, Haiulnu'g, 

• Mihrochtmischen Anabjac dt'r oyganm'lffni Vcrbindtniricn, HamWig, 1895. 
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been made in connection M-itli the detection of poison, and l.v 
a judicious combination of microscopical with chemical rescavci; 
the application of reagents may })e made effectual for tiu* d.>' 
tection of poisonous or other snl., stances in (juaiitities far more 
minute than Jmve been previously supj.osed to l,e recognisaldc 
Thus It IS stated by Dr. ^\omley ' that micro-diemica] analysis 
enables us by a very few mimites^ labour to reco.misc with nn' 
erring certainty the* reaction of the pai-rof a -rain of 

either hydrocyanic acid, mercury, or aisenic; and tliat in "manv 
other instances we can easily iletect by its means the presence lif 
very minute quantities of substances, the time nature of which 
could only be otherwise determined in eonqiavutively large unantitv 
and by considerable labour. Tliis inquiry may Ix^ proseciitiHl', how' 
ever, not only by tlie application of ordinary chemical tests 'under 
the microscope, hut also by the use of otliev means of ro<-o-iiit ion 
wliich the use of the microscope affords. Thus it iias been shown tliat 
by tlie careful suhliiiiation of arsenic and arsenions acid, the subli- 
mates being deposited upon sniail discs of- tliin glass, these arc dis- 
tinctly recognisable by the forms they present under tlic microsco] e 
(eKspecially the binocular) in extremely minute (|uantitics ; and tliat 
the same method of procedure may he ap]died to tlie volatile elements 
mercury, cadmium, .selenium, tellurium, ami some of their compounds, 
and to some other vokitile bodie.s, as sid-iimiiioniac. camphor, and 
sulphur. The method of sublimation was afterwards extended to tlie 
vegetable alkaloids, such as morphine, strychnine, veratrine.- A’c, 
And suliseqiiently it was shown that the same method could b(‘ further 
extended to such animal products as tlie constituents of the blond 
and of urine, and to volatile and decnmpos;d»le organic substances 
- 611611111 }' Dv the careful prosecution of micro-chemical inquirw 
especially with the aid of the spectroscope (wlmre possible), tlie 
detection of poisons and other substances in very minute quantit \- 
can be aceouiplislied with a facility and ecrtainl\- .such as weix-- 
fonnerlv sdircelv conceivable. 


^ Micro-cJictnifitnj of Pniisons, New York, ISriT. 

' Hep Wynter Blvtli, fheir Kfccf^ (Dul Dcf('dii/>i, LoikIou, ISik”. 
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TABLE OP l^ATURAL SISKR 



0' 


30' = 

45' = a> j 

0 

•oooo 

•0044 

•0087 

•0131 ^ 

1 

■0175 

•0218 

'0262 

■0305 1 

2 

•0349 

•0393 

•0436 

■0480 : 

3 

•0523 

•0567 

•0610 

■0664 : 

4 

•0698 

•0741 

■0785 

•0828 1 

6 

•0872 

•0916 

■0958 

•1002 I 

6 

•1045 

■1089 

•1132 

•1175 ' 

7 

•1219 

•1262 

•1306 

■1349 i 

8 

•1392 

■1435 

•1478 

•1521 ' 

0 

•1564 

•1607 

•1650 

♦1693 ! 

10 

■1736 

■1779 

•1822 

*1865 ' 

11 

■1908 

•1951 

•1994 

■2036 ! 

12 

•2079 

•2122 

•2164 

•2207 ' 

13 

•2250 

•2292 

•2334 

•2377 

14 ! 

•2419 

•2462 

■2504 

■2546 ■ 

‘ 15 

•2588 

•2630 

■2672 

■2714 :: 

, 16 

•2756 

•2798 

‘2840 ; 

! ‘2882 

: 17 

•2924 

•2965 

■3007 

■3049 1 

18 

‘3090 

■3132 

•3173 

■3214 

1 19 . 

■3256 

■3297 

■3338 

•3379 1 

1 20 

■3420 

■3461 

■3502 

■3543 

i 21 

■3584 

■3624 

*3665 

•3706 

1 22 

•3746 

■3786 

•3827 

*3867 

■ 23 

•3907 

■3947 

•3987 

•4027 ■ 

^ 24 

•4067 

•4107 

■4147 

•4187 ■ 

25 ; 

■4226 

•4266 

•4305 

•4344 i 

! 26 : 

■4384 

•4423 

•4462 

•4501 : 

27 

■4540 

•4579 

■4617 ; 

•4656 il 

28 

■4695 

•4733 i 

•4772 ' 

•4810 i; 

i 29 

•4848 

•4886 ; 

•4924 ' 

•4962 


' 30 

■5000 

■5038 

•5075 

•5113 

i 31 

■5150 

•5188 

•5225 

■5262 

< 32 

■5299 

•5336 

•5373 

•5410 

33 

•5446 

■5483 

•5519 

•5556 

! 34 

■5592 

•5628 

•5664 

•5700 

35 

■5736 

•5771 

■5807 

•5842 

36 

•5878 

•5913 

•5948 

■5983 

: 37 

•6018 

6053 

•6088 

‘6122 

; 38 

•6157 

•6191 

•6225 

•6259 

39 

•6293 

•6327 

•6361 

•6394 

40 

•6428 . 

•6461 

•6494 

■65*28 

41 

■6561 

•6593 ' 

■6626 1 

•6659 

42 

•6691 

•6724 1 

■6756 

■6788 

43 

•6820 

•6852 

■6884 ; 

•6915 

44 

•6947 1 

•6978 1 

j -7009 1 

' *7040 

45 

^ -7071 

: *7102 1 

•7133 I 

1 -7163 


I ' ;{0':=P ^ 


46 

•7193 

■7224 

•7254 

■"•281 

47 

■7314 

•7343 

•7373 

•7402 

48 

49 

50 

•7431 

•7547 

•7660 

■7461 

•7576 

•7688 

•7490 

■7604 

•7716 

•7518 

•7632 

■7744 

51 

52 

53 

■7771 

•7880 

‘7986 

■7799 

•7907 

■8013 

•7826 

■7934 

■8039 

•7853 

•7960 

■8064 

54 

•8090 

•8116 

‘8141 

•8166 


•8192 

•8216 

■8241 

•8266 

56 

■8290 

‘8315 

•8339 

•8363 

57 

•8387 

■8410 

•8434 

•8457 : 

58 

•8480 

■8504 

•8526 


59 

■8572 

■8594 

•8616 

•8638 1 

QO 

'8660 

■8682 

■8704 

•8725 

61 

■8746 

•8767 

■8788 

•8809 

62 

•8829 

•8r?50 

•8870 

■8890 

63 

•8910 

•8930 

■8949 

■8969 ^ 

64 

•8988 

‘9007 

■9026 

■9045 

65 

■9063 

•9081 

■9100 

•9118 

bb 

•9135 

•9153 

•9171 

•9188 

67 

■9205 

•9222 

■9239 

■9255 

68 

■9272 

•9‘288 

•9304 

■9320 

69 

■9336 

■9S51 ' 

■9367 

•9382 

70 

■9397 ' 

•9412 

■9426 

i ■9441 

71 

■9455 : 

■9469 

■9483 

1 -GIOT 

72 

■9511 

■95-24 

•9537 

j '9550 

73 

'9563 

■9576 

■9588 

1 '9600 

74 

■9613 

■9625 

i ‘9636 

i -9648 

75 

■9659 

■9670 

•9GS1 

' -9692 

76 

■9703 

■9713 

•9724 

■9734 

77 

■9744 : 

■9753 ; 

•9763 

•9772 

78 ' 

■9781 ' 

■9790 

•9799 

■9808 

79 

■9816 : 

•9825 

•9833 

•9840 

80 i 

•9848 i 

•9856 ^ 

•9863 

•9870 . 

81 ' 

i -9877 

■9884 i 

•9890 ■ 

•9897 : 

82 1 

I -9903 ^ 

■9909 j 

•9914 ' 

■9920 : 

83 ■ 

1 -9925 

•9931 ; 

•9936 i 

•9941 i 

84 

' ‘OOIS = 

■9950 ^ 

•9954 ; 

•9958 

85 

•9962 ^ 

•9966 1 

•9969 i 

' *9973 

86 

■9970 

•9979 ■ 

•9981 : 

i *9984 : 

87 

•9980 

•9988 

■9990 

' -9992 

88 

•9994 

•9995 

•9997 

; -9998 i 

89 

■9998 : 

•9999 

I'OOOO 

I'OOOO i 

90 

I'OOOO 



! 1 

1 1 

1 ! 


.Vote.— The sine of uny given finglc is the leocth of the perpendicular opposite the given angle in a 
rigiit-angled triangle which contains the given angle divided by the Iciigrh t)f the hypotenuse. The 
alji'vo table is construetetl on the priaciple that the hypotenuse is always equal to' unity, by whioh 
nieaiis the fraction is got rid of, as ttie denoniiiator may be left out. Ttlus, 

hypotenuse 1 
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APPENDIX B 

TABLE OF BEFBAOTIVE INDICES 


SilbEtaune 

Water . , . , . 




Refractive Index 

. u D 1-334 

54-7 

Saliva . . , , , 




. }i K 

1'339 


Sea-water .... 




. M E 

1-343 



Human blood 




. me 

1-354 


Alum (sat. sol.) . 




. M n 

1'467 

— 

Ether (60° Falir.) . 




. n D 

1-357 

84-9 

Albumen .... 




. M » 

1-360 

— 

Absolute Alcohol , 




. /!» 

1*364 

58-6 

Oil of Ambergris . 




, me 

1-368 

__ 

Salt (sat. sol.) 




. M E 

1-375 


Fluor Spar .... 




. me 

1-4338 

97-3 

Diatom Silex 




. M E 

1-434 

-- 

Spermaceti .... 




. me 

1-503 

— 

Bees-wax .... 




. me 

1-553 

— 

Oil of Olives (sp. gr. 0-913) . 




. M E 

1-476 

54-7 

Borax 




. D 

1-515 

60-6 

Naphtha .... 




. me 

1-475 


Oil of Turpentine (sp, gr, -885) 




. M» 

1-474 

46-5 

Oil of Linseed (sp. gr. -932) . 




. M E 

1-485 

— 

Castor Oil , 




. me 

1-490 

— 

Chloride of Tin . 




■ M E 

1-508 

— 

Oil of Cinnamon . 




■ ME 

1-619 

14-3 

Oil of Cedar. 




• ME 

1-510 

— 

Gum Arabic .... 




. me 

1-512 

— 

Dammar .... 




- ME 

1-520 

— 

Oil of Cloves 




■ M E 

1-533 

— 

Sugar 




. M E 

1-535 


Felspar .... 




• M E 

1-764 

— 

Cedrcne .... 




. M E 

1-539 

— 

Canada Balsam . 




. n D 

1'52G 

■11-5 

Oil of Fennel 




. me 

1-544 

— 

Eock Crystal 




. me 

1-545 

70-0 

Kock Salt (sp. gr. 2-143) 




. M E 

l'5o5 

— 

Nitro-benzene 




. me 

1-558 


Styrai 




. me 

1-582 

-- 

Meta-cinnamene . 




. me 

1-597 

29-8 

■Quinidine .... 




. M D 

1-602 

24-1 

Benzylaniline 




. me 

1-611 


Methyldiphenylamlne . 




. me 

1-616 

~ 

Balsam of Tolu . 




. me 

1-61& 

— 

Bisulphide of Carbon . 




■ ME 

1-630 

18-3 

Oil of Cassia 




. me 

1-578 

17-0 

Quinoline .... 
Tourmalin (ordinary ray) . 




. me 

1-633 

— 




. me 

1-668 

— 

Kreasotc .... 




. M E 

1-5.38 

29-9 

Petroleum .... 




. M E 

1-457 

15-3 

Phenyl-thiocarbimide . 




. M E 

1-654 

18-7 

Iceland Spar (ordinary ray) . 




. me 

1-657 

49-0 



USEFUL TO THE TIITCROSCOPIHT 



Substance Refractive lu-iex 


Crown . , . , , 

. gD 

1‘51 to 

1-56 

tn 

59 0 to 4G-0 

Plate 

. fj. n 

1-5] 0 



Extra Light Flint . , , 

, ftD 

1'541 


49-2 

Light Flint .... 

. gn 

l'.5T4 


41-0 

Dense Flint .... 

. MU 

l'62:i 


80-5 

Extra Dense Fluid . . , 

■ M D 

I'GoO 


34-2 

Double Extra Dense Flint . 

. gi) 

1-710 


30-0 


^Boro- silicate Crown 

. fiD 

1’51 


64-0 


Phosphate Crown 

. g D 

1-51 to 

1-56 

70-0 to t)7-0 

ci 

Barium Silicate Crown 

. /iD 

1-54 „ 

1-GO 

59-0 5.5-0 


Boro-silicatc Flint 

. /iD 

1-55 „ 

1-57 

49-0 47-0 

d 

Borate Flint 

. Ill) 

1-55 „ 

1-68 

55-0 ,. 33-0 

OJ 

Barium Phosphate Crown 

. fiD 

1'58 


G5'2 


Wery heavy Silicate Flint 

. I) 

1-96:1 


19-7 

Glass of Antimony 

. M D 

2-216 


- 


The extraordinary dispersion of the alkaloid Pipeline will be noticed. Its 
refractive index is less than that of Chance’s Double Extra Dense Flint, yet 
Piperine has three ivties its dispersion. 
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APPENDICES AND TABLES 


APPENDIX 0 


TABLE OF ENGLISH MEASURES AND WEIGHTS, WITH THEIH 
METRICAL EQUIVALENTS > 

The followiag are calculated from the values of the metre, determined 
in 1896, and the kilogramme in 1883, by the order of the Board of Trade. 

LENOtn 

Inch 

Eoot= 12 inches 

Yard =3 feet 

Pathoni = 2 yards 

Pole ^ 5 J yards 

Chain = 4 poles 

Furlong = 10 chains 

Statute Mile = 8 furlongs = 5,280 feet 
Geographical Mile = 6,087'23 feet . 

Knot = 6,080 feet 

Superficies 

= 6’45159 Square Centimetres. 

= ■00645 Milliare. 

144 Sq. Inches => '92903 

9 „ Feet = 8-36126 Milliares, 

= *83613 Centiare. 

30^ „ Y^ards - 2-52928 Declares, 

40 Perches . = 1011712 Ares. 

4 Poods . . = 40'46849 „ 

- 258-99836 Hectares. 

Volume 


Cubic Inch = 16-387 Cubic Centimetres. 

„ Foot . , -1728CubicInehes= 2-83168 Centisteres. 

„ Yard . . =27 „ Feet = 7-64553 Decisteres. 


Capacity 
Apothecaries' 

. . = *05919 Cubic Centimetre or Milhlitre. 

60 HI = 3-5515 „ Centimetres or Millilitres. 

8 f 5 = 28*4123 „ „ -- 2*84123 Centilitres. 

20 f 3 = 508-245 „ „ = 5-68245 Decilitres. 

8 0 -- 4-54596 ,, Decimetres, Millisteres, or Litres. 

Imperial 

Gill = 142*061 Cubic Centimetres = 1-42061 Decilitre. 

Pint . = 4 gills = 568-245 „ = 5*68245 Decilitres. 

Quart . = 2 pints = 1*13649 „ Decimetre, Mdlistere, or Litre. 

Gallon . = 4 quarts = 4*54596 „ Decimetres, Millisteres, or Litres. 

Peck . =2 gallons = 9-09193 „ „ „ „ 

Bushel =4 pecks = 3-63677 Decalitres. 

Quarter = 8 bushels = 2 90942 Hectolitres. 


Minim, . 
Drachm, f 5 = 
Ounce, f 5 = 
Pint, 0 . = 
Gallon. C 


Square Inch . 

„ Foot = 
„ Yard = 

Perch - 
Rood = 
Acre = 
Square Mile . 


-^2-539998 Centimetres. 
= 3-047997 Decimetres. 
= -914399 Metre. 

= 1-828798 „ 

= 5-029196 Metres. 

= 2-011678 Decametres, 
= 2*011678 Hectoinetrea. 
= 1*609343 Kilometre. 

= 1*855386 
= 1*853182 



USEFUL TO THE iirCROSCOPIST 


nil 


Grain, gr. . 
Scruple, 3 . 
Drachm, 5 • 
Ounce, 5 • 


“Weight 

Apothecams' 


“ ^^euLigramnies. 

• . = pgi-.. 1-29398 Gramme. 

Grammes. 

= H 5 = 480 gr. = 3410.35 Decagi ammes, 


Grain, gr. . 
Drachm, dr. 
Ounce, oz. . 
Pound, lb. . 
Stone, st. 
Quarter, qr. 




* * * ’ nnoAiin-' ~ 6’'t79892 Centigrimiincs. 

ic "i - ^ ^ = 1*77185 Gramme. 

= 16dr.= 4d7*5gr.- 2-83495 Decan-a 

= 16 oz. 


= 14 lb. 

= 28 lb. 


7000 gr. 


Hundredweight, cwt. = 4 qr. 
Ton =20 cwt. 


,j-ammes. 

4'53;)9243 Hectogrammes. 
= b-35029 Kilogrammes. 

= 12-70059 

-50-80235 = -50802 Quintal. 

= 1-01605 Tonne. 


.m m lib. Avoirdupois = '822857 lb. Troj' or .JLpotherarics’. 
1 lb. Troy or Apothecaries = 1-21.527 lb.. Avoirdupois. 


TABLE OF METBIC MEASURES WEiGBrS, WITH THIAii 

E^^aLISE EQUIVALEM'S 

The metre was originaUy intended to be the pint of the 

distance from the pole of the earth to the c([uator, measured alon« a 
certain meridian, but owing to an error its length is too short. The 
metre is therefore the length of a definite standard in Paris. 


Micron, i.e. fx 
Millimetre . 
Centimetre - 
Decimetre . 
Metre . . 


Decametre . 
Hectometre 
Kilometre . 


Milliare . 
Centiare . 
Declare . 
xVre = Unit 
Hectare . 


Length 


= 13*317 Millimetre . 
- ^ Centimetre 
= Decimetre . 
= Pjj Metre , , 
^ Unit .... 


= 10 Metres . . . 
= 10 Decametres . 
= 10 Hectometres , 


- -0U003937 Inch. 

= -03937 

- -39370 

- 3'93701 Inches. 

= 3-28084 Feet. 

= 1-093614 Yard. 

= 1-98839 Foie. 

- 4-97097 Chains. 

= 4*97097 Furlongs. 

= -6213716 Statute Mile. 

= '5389714 Geographical Mile. 

- -saBerii Knot. 


Superficies 

= 10 Sq. Decimetres = 1'07639 Sip Ft. = 1 55-0006 Sq. In. 

= 1 „ Metre = 1-19599 Scinare Yard. 

= 10 „ Metres ^ 11-95992 „ Yards. 

= 1 ,, Decametre =119'59921 „ ,, 

= 1 Hectometre = 2-47106 Acres. 


Millistere , 
Centistere . 
Decistere . 
Stere = Unit 
Decastere . 
Hectostcre . 


Volume 

= 1 Cubic Decimetre = 61-0239 Cubic Inches. 

= 10 I, Decimetres = 610*239 „ „ 

= 100 „ „ 3-5ol476 „ Feet. 

= 1 ,, Metre - 1'30795 „ Yard. 

== 10 „ Metres = 13'(i79'}4 „ Yards. 

= 10 Decasteres = 130’7954 » » 
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Capacity 


Millilitre = Cubic Centiuietre >= '007039 Irupr. Gill. 

Cenliliti'c ^ 10 Cubic Centimetres = -07039 „ 

Decilitre -100 „ „ '7039 ,, „ 

Litre . = Millistcre - 1-7598 „ Pint. 

Decalitre = 10 Litres •=2*19975 „ Gals. 

Hectolitre = 10 Decalitres =2-74969 „ Bush. 


Kilolitre = 10 Hectolitres = 1 Btere = 1 Cubic Metre = 3*43712 „ Qvs. 


Weight 

Milligramme Centigramme 
Centigramme = rV Decigramme 
Decigramme = ^ Gramme 
Gramme . , = Unit 
Decagramme = 10 Grammes 
Hectogramme = 10 Decagrammes 
Kilogramme = 10 Hectogrammes 
Myriagramme = 10 Kilogrammes 
Quintal . . =10 Myriagrammes 

Tonneau . - 10 Quintals 


Avoirdupois 
= -01543 Grain. 

= -15432 „ 

= 1-54324 „ 

= 15-432350 Grains. 
= 5-64383 01-. 

- 3*5274 oz. 

- 2*204622 lb. 

= 22-04622 

= 1*96841 cut. 

= *98421 ton. 


The legal equivalent of the metre is 39*37079 inches, and of the kilo- 
gramme 15432*34874 grains. In the above tables the values obtained in 
1883 and 1896 by the order of the Board of Trade have been adopted as 
being the more accurate. In 1893 the metre was measured by Rogers, 
who found it equal to 39*370155 inches. 

"Weights can be more accurately compared than either lengths or 
capacities. The actual weight of the staudard kilogramme in Paris is 
16432-35639 grains, and the English avoirdupois pound is equal to 
453*5924277 grammes. 



USEFUL TO THE MIC 


r-ioscopisT 


rii 


WAT r 


— MlUSUliES 

Computed by Mr. E.M.lseLon from the \ewCo.ffl.- . . 

the Board of Trfde 



ins. 

X 

-000039 

n 

-000079 

3 

•000)18 

4 

■000157 

3 

•000197 

6 

■000236 

7 

■000270 

8 

•000315 

9 

•000354 

10 

•000394 

11 

•000433 

12 

-00O472 

13 

■000512 

14 

■000551 

15 

•000591 

16 

•000630 

17 

•000669 

18 

•000709 

19 

■000748 

20 

•000787 

21 

•000827 

22 

■000866 

23 

■000906 

24 

•000945 

25 

■000984 

26 

•001024 

27 

•0010G3 

28 

■001102 

29 

•001142 

30 

•001181 

31 

■001220 

32 

■001260 

33 

•001-299 

34 

■001339 

35 

•001378 

36 

•001417 

37 

•001457 

38 

■001496 

39 

■001535 

40 

■001575 

41 

•001614 

42 

•001654 

43 

•001693 

44 

■001732 

43 

■001772 

46 

*001811 

47 

■001850 

48 

■001890 

49 

■001929 

60 

■001969 


Lnrr.AL. 

itfeiric into Britiah. 


mm. 


1 

■039370 

2 

■07.s7si4 

3 

‘llbllO 

4 

•157480 

5 

•196851 

6 

•236221 

7 

■275591 

8 

•314961 

9 

■354331 

10 

•393701 

It 

-133071 

12 

•472141 

13 

‘511811 

14 

■551182 

15 

■590552 

16 

•629922 

17 

■669292 

18 

•708C62 

19 

■74B032 

20 

■787102 

21 

•826772 

22 

■866142 

23 

■905513 

24 

■944883 

25 

984253 

26 

1-023623 

27 

l-0(i2i!&3 

28 

1-102363 

29 

1-141733 

30 

1-181103 

31 

1-220473 

32 

1-259844 

33 

1-299214 

34 

1-338584 

33 

1-377954 

36 

1-417324 

37 

1-466694 

38 

1-496064 

39 

1-535431 

40 

1-574805 


mm, 

5/ 

/iH 

54 

55 
5G 
57 
5S 
5 » 
cr> 


2wrfi76 

201724(1 

20t(C«l(5 

2l2oli8i> 

2'1<»:>35i! 

2-20472C 

2-2-14038 

2'283iB7 

2-822837 

2-3<J22ii7 


61 

62 

63 

64 
63 
66 

67 

68 

69 

70 


2-401577 

2-440947 

2-18<J317 

2-519(187 

2-559037 

2-598427 

2-t>377<J8 

2-t!771C8 

2-710588 

2-7,5.5LHt8 


71 

72 

73 

74 

75 

76 

77 

78 

79 

80 


2-795278 

2-834048 

2-B74018 

2 - 31.3388 

2-952758 

2- 992103 

3- 031199 
8-070 6C 9 
3-110239 
3-1490(19 


81 


83 

84 
83 


87 


89 

90 


3-18S979 

3-228349 


3-307089 

3-346400 

3-385630 

3-425200 

3-404570 

3-503940 

3-543310 


41 1-014175 

42 1-053545 

43 1-692915 

44 1-732285 

43 1'771655 

46 1-811025 

47 1-860395 

48 1-889765 

49 . 1-929130 

30 1-968306 


91 

92 

93 

94 

95 

96 

97 

98 

99 


3-582680 

3-622050 

3-661420 

3-700791 

3-740161 

3-779531 

3-818901 

3-858271 

3-897641 


60 

70 

80 

90 

100 

200 

300 

400 

600 

600 

700 

800 

900 

lOoo 


•002362 
■002756 
■003150 
■003643 
■003937 
•007874 
•011811 
•015748 
*019686 
•023628 
•027550 
-031496 
•036433 
(=1 mm.) 


decim. 

Jf 

3 

4 

5 

6 

7 

8 
9 


IQS. 

3-9370113 

7-8740226 

11-8110339 

15-r480452 

19-6850565 

23-6220678 

27-5590791 

31-4960904 

35-4331017 


1 metre 3'28D3128 ft, 
1-09361425 yd. 
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in, mm. 

1 25-399978 

2 50-799956 

3 76-199934 

4 101-599912 

5 136-999890 

6 152-399868 

7 177-799846 

8 203-199824 
y 228-599802 

10 253-999780 

11 279-399758 

.1 ft. 304-799736 
1 yrt. 914-399208 


v 

3 

? 

s 

7 

ji 

1 

JO 


mill. 

12-699989 

8'466659 

16-933319 

6-349994 

19-049983 

5079996 

10-159991 

15-239987 

•20-319982 

4-233330 

21- 166648 
3-628568 
3-174997 
9-524992 

15-874986 

22- 224980 
2-822220 
2-539998 
7-619993 

17-779985 

22-859980 


British into Metric, 



mm. 


2-309089 

1 

2-116665 

1 

5o 

10-583324 

1 

95 

14-816654 

1 

100 

23-283313 

1 

150 

1-953844 

1 

1. uoo 

1-814284 

250 

1-693332 


1-587499 

.1 

4-762496 


7-937493 

1 

450 

11-112490 

1 

500 

14-287487 

6^ 

17-462485 

1 

eoo 

20-637482 

050 

23-812479 


1-494116 

1 

7S0 

1-411110 

1 

900 

1-336841 1 

850 

1-269999 


1-209523 

1 

960 

1-154544 


1-104347 

Id. 

1-058332 

10^ 

1-015999 

1 

20 00 

•846666 

1 

3000 

•725714 

+9^ 

-634999 

5000 

■564444 


•508000 

1 

Yoo'o 

■461818 

1 

auoo 

•423333 

1 

9000 

■390769 

10000 

•362857 

i^^o 

■338666 

Ycm.oo 

-317500 

25^0 


mm. 

■298823 

•282222 

•267368 

■254000 

•169333 

■137000 

■101600 

•084667 

•072571 

•063500 

•056444 

■050800 

•046182 

•042333 

■039077 

•036286 

■033867 

•031750 

•039882 

•028222 

•026737 


25-399978 

12-699989 

8-466659 

G-349994 

5-079996 

4-233330 

3-628568 

3-174997 

2 - 8-22220 

2-539998 

1-693332 

1-269999 

1-015999 



USKFUt TO THE -MICROSCOPLST 


TABLE FOB TBE CONVEBSIOy OF WMCl’/nVir 
ENGLISH INCH INTO METIUC IL 

irKASUIiE. 


1 1 

1 mm. 

1. 

Mien. 

1 

i 2 

12-70 

33 

770 

66 

3 

8-47 

34 

■ 747 1 

67 

4 

6-35 

35 

726 

68 

5 

508 

3b 

706 

69 

6 

4-23 

37 

686 * 

70 

7 

3-63 

38 

668 j 

71 

1 8 

3-17 

39 

651 I 

72 

i 9 

2-82 

40 

G35 

I 73 

’ 10 

2-54 

41 

619 ! 

! 74 

i 11 

2-31 

42 

605 ■ 

; 75 

i 12 

2-12 : 

43 

' 591 

i 76 

1 13 

1-95 j 

i 

i 577 ' 

' 77 

! U 

1-81 ! 

45 

1 564 

: 78 

i 15 

1-69 

: 46 

i 552 

, 79 

16 

1-59 ' 

I 47 

1 540 

; 80 

i 

1*49 : 

:i 48 

1 529 

i 81 

18 

1-41 

; 49 

' 518 

i 82 

19 

1-34 

50 

! 508 

83 

20 

1-27 

51 

; 498 ■ 

: 84 

21 , 

1-21 

52 

i 488 

: 85 

22 

' 1-15 

53 

479 

: 86 

23 

1-10 

54 

470 

87 

24 

1-06 

65 

162 

; 88 

25 

1-02 

56 

454 

: 89 



57 

445 

90 


Micra. 

58 

438 

: 91 

26 

977 

59 

430 

92 

27 1 

941 

60 : 

423 

93 

■ 28 

907 

61 

416 

94 

: 29 ' 

876 

62 

410 

95 

; 30 

847 

63 

403 

96 

i 31 i 

819 ! 

64 : 

397 

97 

1 32 

794 

65 I 

391 

98 


385 

379 

374 

368 

363 

3.58 

3.53 

348 

343 

339 

334 

330 

326 

321 

317 

314 

310 

306 

302 

299 

295 

292 

289 

285 

282 

279 

276 

273 

270 

267 

265 

262 

259 


99 

100 

10.5 

110 

11-5 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

205 

210 

215 

220 

225 

230 

235 

240 

245 

250 


256 

254 

242 

231 

221 

212 

203 

195 

188 

181 

175 

169 

164 

1.59 

1.54 

149 

145 

141 

137 

134 

130 

127 

124 

121 

118 

115 

113 

no 

108 

106 

104 

102 
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Lines 

Lines 

pov inch 

in mm. 

5, 000 

197 

10,000 

394 

15,000 

591 

20,000 

787 

25,000 

984 

30,000 

1,181 

35,000 

1,378 

40,000 

1,575 

45,000 

1,772 

50,000 

1,968 

55,000 

2,165 

60,000 

, 2,362 

65,000 

2,559 

70,000 

2,756 

75,000 : 

2,953 

80,000 ; 

3,150 

85,000 

3,346 

90,000 

3,543 

95,000 

3.740 

100,000 

3,937 

110,000 

4,331 

120,000 

4,724 

130,000 

6,118 

140,000 

5.512 

150,000 

5,90i) 

160,000 

6,299 

170,000 

6,693 

180,000 

7,087 

190,000 

7,480 


Lines 
per inch 

Lines 
in mm. 

200,000 

7,874 

210,000 

8,268 

220,000 

8,661 

230,000 

9,055 

240,000 ’ 

9,449 

250,000 

9,843 

260,000 

10,236 

270,000 

10,630 

280,000 

11,024 

290,000 

11,417 

300,000 ' 

11,811 

350,000 ! 

13,780 

400,000 ! 

15,748 

450,000 

17,717 

500,000 

19,685 
Lines in (i 

25,399‘98 

1 

50,800 

2 

76,200 

3 

101,600 

4 

127,000 

5 

152,400 

6 

177,800 

7 

203,200 

8 

228,600 

9 

254,000 

10 


Fractions 
of nn inch 


1-5, 000th 

608 

10,000 

2-54 

20,000 

1-27 

30,000 

•847 

•40,000 

■635 

50,000 

•508 

60,000 

•423 

70,000 

■363 

80,000 

■317 

90,000 

•282 

100,000 

•264 

110,000 

■231 

120,000 

■212 

130,000 

■195 

140,000 

■181 

150,000 

•169 

160,000 

•159 

170,000 

•149 

180,000 

■141 

190,000 

•134 

200,000 

•127 

250,000 

■1016 

300,000 

■0847 

350,000 

•0726 

400,000 

•0635 

450,000 

•0564 

500,000 

■0508 
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It is often necessary in the eitmiiutio., of a photo-micrograph of 
totomio or other periodic structures to detcmhue at what rate per inch 
or per mra, the structure ts m the original objoct.ihc amphacation of "be 
photo-micrograph being known. 

Example ; In a photo-microgi-aph of a diatoin ampliacd 7S3 diams 
13 dots can he counted in '3 of an mch. At what rate per inch is the 
structure in the diatom V ^ 


( 1 ) 


magni^mg power iimnbctr counted . 

space counted ‘ 


73.') X 12 
'3 inch 


-29,400 per inch, 


( 2 ) If the answer is required in rate per mra., the space in whicJi 
the number is counted being in inches as before, then, because 1 inch 
= 25*4 mm. 


735 X 12 
•3 inch X 25'4 


= 11.j 7’5 per mm. 


(3) Suppose a rule divided in mm. is used to determine the space in 
which the number on the pbotO'microgi-aph is counted, and the rate per 
inch is required; if twelve dots can be counted in 7 mm., then, because 
1 inch = 25 ’4 mm. 


735 ■/ 12 X 25-4 , 

o2, 004 per inch. 

7 mm. 
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APPENDIX D 

COMPAEISON OF THE SCALES OF FAHRENHEIT'S, THE 
CENTIGRADE, AND REAUMUR'S THERMOMETERS 

These three thermometers are graduated so that the range of temperature 
between the freezing and boiling points of water is divided by Fahrenheit’s 
scale into ISO'^ (from 82° to 212°), by the Centigrade into 100° (from 0° to 
100°), and by that of Eeaumur into 80° (from 0°to 80°) portions or degrees. 
Hence we derive the following equivalents ; — 

A degree of Fahrenheit is equal to of the Centigrade, or to *4 of 
Reaumur’s ; a degree of the Centigrade is equal to 1'8 of Fahrenheit’s, or 
to '8 of Reaumur’s; and a degree of Reaumur's is equal to 2*25 of 
Fahrenheit’s, or to 1'25 of the Centigrade. 

To convert degrees of Fahrenheit into the Centigrade or Reaumur's, 
subtract 32 and multiply the remainder by f for the Centigrade, or | for 
Reaumur’s. 

To convert degrees of the Centigrade or Reaumur’s into Fahrenheit’s, 
multiply the Centigrade by or Reaumur’s by |, as the ease may be, 
and add 32 to the product. 


Example 

Let F, C, and R = the number of degrees Fahrenheit, Centigrade, and 
Reaumur respectively. Then 


F-^-5 + 32; 


5 

4 

^ 5(F-32). 

II 

O 

9 

4 

^ 4(F-32). 

b=15 

9 ’ 

5 


F = C + R + 32. 

This last formula is of use, because in England thermometers ars 
usually graduated in Fahrenheit and Centigrade. K6aumur may be fouml 
by inspection by subtracting the Centigrade from the Fahrenheit and 
taking 32 from the remainder. On the Continent thermometers are 
generally graduated in Reaumur and Centigrade. Fahrenheit can be foimd 
by adding Reaumur and Centigrade and 32. — Example ; If the thermometer 
reads 8 Reaumur and 10 Centigrade, the Fahrenheit will be 
8 + 10 + 32 - oO F, 
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appendix E 

OPTICAL FORMULJl 

To find C, the optical centre of a lens : Let A and B be the vertices lot 
the i-aaiUB of the curve A = t, and that of B = U thickness of the lens 
and ft the refiractive index. Then 


Example explaining the method of treating the signs : First, it should 
be particularly noticed that all curves which are convex to the left hauil 
ha\ e positive radii, and those turned the other way negative radii. 

In a biconvex let r = 2, s = - 3, and f = 1 ; then by ]i) 

AC= ^ ^ ^ g p _ —3x1 _ _ ;j 

2_(_3 ) 2 + 3 V '2^3)-2 + 3^ 

The point C is measured, therefore, to the right hand from A, and to 
the left from B. In a plano-concave let r = - 2, s = x , and t = 1 ; tlicii 

AO=^^^= 0 ; M 

- 2-00 - 2 -x -X ^ 

c is therefore coincident with A. 

The principal points D and E may be found thus : 


Example : In a meniscus r 
facing the left hand. 


(iii 

ft r-s 

- 3, s ^ -%t = and u = ^ ; concavities 

4 2 


D is measured } inch to the right from A. 

- 2.1 

4 2 2_211 

BE = 3 • _3_(_2) ■ 3 ■ -3 + 2 3 ‘2 " 3 ' ' 

2 

E is measured 5 inch to the right from B. 

If the meniscus is turned round so that its con\’exities face the left 
hand, r = 2 , « = 3, = 

4 a 


.r. 1 ^ i - 2 1 -1 

= 3 ‘Trs ” 3*2* 


... - (ii)' 


Similarly BE- - Both are therefore measured to the left. The- 
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formulffi (ii) are appronmations, sufficiently accmate for general practical 
purposes, but in cases of importance the followmg, longer but more 
accurate, formulse should be used : 

Ty 


AD = 


Plano-convex Lens.-Let /=the principal focal pomt ^d y = th& 
semi-apertuje ; then if paxallel rays are incident on A, the plane side of 
the lens, r = cc, and by (ii) B E = 0. The principal point is therefore at 
the vertex B, and the focal length 

B/=— E/=B/ (iv) 

The spherical aberration 

•••(') 

3 

Thus when P == 2 * 

§/= 

If the parallel rays are incident on the convex side A, 3 = co, 
B E = - - (ii), and the focal length 

B/=^-- (")• 

|X-1 P 

The spherical’ aberration 

_K(^-2)+2 I 

■When 1*516 (plate glass) 


E/- 

/x-1 


8/= 


IVlien fi = 1*G2 (flint glass) 


8 /= --80421 


(vii) 

(viii) 

(viii) 

(viii) 


To find the radius of a plano-convex lens, the ref. index and focus 
E/bcinggiven: 

To find the radius of a pkao-oonves lens, the ref. indei, the thickness, 
and the focus B/ being given : 


_(ii-l) ifif+t) 


(vi) 


A plano-concave lens follows a plano-convex ; / will be negatu-c, 
which shows that the focus is virtual. Concaves being thin, t is nsualiy 
neglected. 

Equi-convex and equi-concave generally: 


• • ■ 

Equi-convex more accurately : 

» Ecath’s Gcomet7’ical Ojjtics, 1887. 


. (is) 
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Equi-convex more accurately : 

B/= ^ ^ 

Spherical ^ aberration 

w y"' 

‘'f ' 

In an equi-convex fens when ft - 1 5H> * 


8/« , 


To find the radius of either an equi-convex or pqni-ooiicavc Ions 
generally, the ref. index and the focus B/ being given : 

= 

To find the radius oi an equhconvex lens, the rof index, tlieiliicknoss. 
ind the focus B / being given : 

‘V ' 

Bi'Convex and bi-concave, generally : 


Correctii^n for thickness : 


iir 


Bi-concave t may be neglecteiB/= E / practically. 

Bi-convex more accurately, ana converging and diverging menisci : 

v ^ ^ 

- 1) 

B/, 

{/x - I)"- r-5- (g - 11 ^ 

fij 

When the liglit is travelling from right to left 
r -f {/r - 1) ^ -)■ 8 i* 

A/= U Ji (xi 

(M-lli r-8-(n-l)' - 

Spheric, al aberration : 

Kxam[de ; Letr = 2, 8 = - 3, t: = 1, and ^ by fxivl 


• Heath's GeometnenJ. Optics. l^'ST, 
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~3 

jd-Or^l 

2 ^ 

\2 3 / 



■ K—M) 

1 

Similarly 

3 X ^ 

3 _ 

1 14 7 

2*3 3 

A/ = -2^ 

4 ' • • • • 

By (xii) and (xiii) 

1 144 

p» 12 25 

^ 5 3 ^ ^ 

_2l 

"5 26~'“25 


This is larger by inch than the result obtained by (xiv), 
Tile following is an example worthy of note. Suppose 

r — s<ta,T\A >(/! — 1)-. 

1 3 

Thus let r = 5 5 = 0, i = 3, /A = 2 * 


fxiv) 


(xivl 


Then by (xiv) 






15o 


= ^ -310. 

1‘2 


2V2 Z) 

tt will be observed that, although this meniscus is thickest in the 
middle, it has, however, a large negative focus. 

The principal points of a sphere are at its centre. 

The focus of a sphere, measured from the centre : 



The focus of a sphere measured from its surface : 

r(‘2-p) 

■ 2 (p-1) 

The focus of a liemisphere measured from the plane surface, the light 
being incident on the convex surface : 

_»1 - tvi) 

But when the light is incident on the plane surface, the lens being 
tin ned round : 


B/ = 


B/ = 


(xvit 


B/ = 




i'iv) 


When p = T5 the focus of a sphere measui ed from the surface = I tlio 
radius. 

The focus of a lieiuispiiere measured from the plane side * H the 
radius, and when measured from the convex side the focus 2 radii. 

In a cylindrical lens the principal points cross over. 

To find the radii r and s of a crossed lens of minimum aberration for 
parallel rays; 
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in? 


K2m+i) ■ "Tp^-ThT-^ ■ • ■ ■ 

For boro-silicate glass n = Uol ; r -- ‘'iSQg/; and s = - ;U7()9 y ; (xvii\ 

«/= -1-W2 y 

For flint glass ^ = l'G2 ; r = -Grid/; and 8 = - 12-OG f\ (ivu) 

. 8/--798J 

Critical angle,— Let 6 be the critical angle for a ray passing out of a 
denser medium into a rarer one. 

Then sind-^ 

When fi = 1-333, 6 = 48^ 30^' ; ^ ^ ^ 48i- ; = 1-52 8 --- 41“ 8^ ’ ; 

^ = 1-62, ^ = 38° 7^ 

Let /be the principal focus, and p^ihe distmee from the object to 
the optical centre of the lens, distance from the optical centre of 

the lens to the conjugate image. 

Then /Ai (iii) 

P-f P '■/ ^ ^ 

Let V be the distance from the object to /, and ii> be the distance from 
/ on the other side of the lens to the conjugate image. 

Then 

v^p-f ; 1 ^"=^'-+/; jZ-w+Z; and vw=f '^; 

w 

V) = ^ - (xs) 

V 

If o be the size of the object and i the size of its conjugate image 
f V p p-f / ’ 

0 = IL = • 

7 P' P'"f / ’ 

P P JSffA ■, p'Jj. ; 

i t ’ 0 0 ’ 

. = »/; wJf-, .... (Xxi) 

i 0 l + 0 t + o [ 

Examples: With an objective of Lh^<^h focus it is required to project 
an image of a diatom -03 long, so that it may be 1’5 inch on the screen, 
what must be the distance of the screen from the optical centre of the lens? 

p — .Qg— -' 

Therefore // = 25^ inches, the distance required (xxi) 

Conversely, if the image of a diatom projected by a -^-mch objective 
measures 2 indies on the screen at 40| inches Iroin the optic ci-ntre 
M'hat is tiie size of the diatom ? 

2 K ^ 

o^.Jf „ i_P = .012.'. .... (xxi) 

/-/ 40^-1 
4 4 

the size of the diatom required. 
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The last formula of (xxi) is very convenient for finding the focus of 
an objective ; w must, of course, be large in proportion to the focus ; 
o may be a stage micrometer. 

As the posterior focus, /, is in ordinary microscope objectives of 
l-inch focus and upwards, near the back lens, the distance w may be 
measured from there. 

Example : The image of *01 inch on a stage micrometer projected by 
an objective is 2‘4: inches on a screen, distant 5 feet from the back lens ; 
reijiiired the focus of the objective. * 


._o «j_-01x60 

^ i ‘2*4 


1 

' 2-4 4 


(xxi) 


To find F, the equivalent focus of two lenses in contact ■. 

(xxii) 

where / is the focus of one lens and/' that of the second. 

Example : It is required to make a combination of tw'o plano-convex 
lenses, the focus of one lens,/, being twice/, that of the other, and whose 


8 

comlnned focus F^'6, = x > find their radii (see 

figs. 

4, 6, 8, and 9). 

Then f~ "tf. 





F 2// , 




iftf -if 3 ’ 




= and / =2 f- 

2 2 ’ j j 

1-8 . 

. . . txviit 


r ~ = 1) / - - I'j 1'8 = '9 ; similarly 

’ = •45 . . (vil) 

'Che focus 

for three lenses follows that for two, ti 

lus : 



F- ff-C- 

ff^ff ■ ■ ■ ■ 


, . . . (xxii) 


which may he wi'itteu 


To find F, the equivalent focus of tw'o lenses, not in contact, generally, 
F to be measured from the last principal point (E') of the second lens ; 
l.et d ~ the distance between the lenses : 




(xxiii) 


■More accurately, let D E be the principal points of the first lens and 
D' I:/ those of the second, AB and A^B' being the respective vortices, 
cZ-the distance from E to D' ; then G and G', the principal points of 
the combination, are : 


G=D+ . . . 

. . . . (xxiv) 

/ -f - d 

G' = E'- . . . 

. . . . (X.XV) 

/+/ ~d 

V .... 

. . . . (wvh 

/+/-d 


F is measured from ojie of the principal points of the combination. An 
(■xample wdll be of interest. Let parallel rays fall on the convex face of 
the field lens of a Hnyghenian eyepipce ; find their focus. 

Let /, the focus of the field leiis-d, and that of the eye lens / -li 
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= and the distance between the sui.'fucc,s, 


hat of the eye lens« V ; A l> . i) 


- 0 ; 


t 


^ 1 


(\\\l 

(\xvi) 


, that is 1 j A', = 1‘S ; t the 

g 

thickness of the field lens ^ ; and t' tlu 

(ii) ; B E = - - = - *2 (li). Siinilarlv A' D' 

^Z = E B + B A' = '2 + 1‘8 = 2. Now 

. G'=E'- -T-'-i ■ . 

d + 1 — 2 

3+1-22 ‘ ■ 

We see, therefore, that the equivalent focus is 1-i inch, but tho 
principal point G', from which the focus is measured, is 1 inch to the left . 
from E'' ; therefore the focal point is 1 inch to the right from E', Now as 
E' IS t\j hicb to the left of B, the plane surface of the eye lens, it follows 
that F, the focal point, is inch to the right of the plane sniface of the 
eye lens. If this problem is worked by the simpler formula (xxiii), the 
answer will be ’44 from the plane surface of the eye lens; this is only an 
error of ‘04 in excess. 

This explains ‘ the microscope objective of 10- ft. focus.’ 

The equivalent focus of the objective was 10 ft., but the principal ])oiut 
from which that focus was measured was 0 ft. lU inches from the 
objective, which would give 7 inch as the working distance of llie lens. 
The objective in question has a double convex back lens and a plano- 
concave front ; a small decrease in the distance between the lenses, such 
as a ^ inch, has the effect of causing the luiiicipal point G' to recede 
many feet, and of causing a great increase iii the equivalent focus. _ 

AVith regard to the tube length, whicli is equal to d in (xxvif, the 
position oAhe principal points of a combination plays an impoilant part. 
Suppose the Hiiygbenian eyepiece, m the preceding example, were 
mounted as an objective; the tube length would have to be measured 
from the first principal point of the eyepiece, wherever that might be, to tlie 
second principal point of the objective, which m the example before us is 

G = D+ + 3 (Kiv) 

3 + 1-2 

G is therefore measured 3 inches to the right from the point D; B is, 
as we have seen, coincident with A, the convex vertex ol the field hm. 
ao anyone measuring the tube length from the field lens, rs Inch is the 

kns, which is the front lens of our supposed ohjec ive. 

The importance of this cannot bo 

(xxvi); then 

^ ' Oy (xxvni 




vr 


li4. the focal length of ti.o ent.re P ' 

aperture, and . - the diameter ol tl.e eye-spot, then 

A If-' . • • 

^ “ Ji 0 

‘ Jounidl 


= the numerical 


, (xxviii) ‘ 
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€ = ‘2 (X.A.) (xxix)' 

Ji(p 

If X — the nuiubcr of waves per inch of light of a given colour, L the 
limit of resolving power of any objective with an illuminating beam of 
maximum obliquity is 

L = ‘2X (N.A.) t^xx) 

But with a solid axial cone and white light the resolving limit is 
equal to the N.A. multiplied by 70,000. When Gifford’s screen is used, or 
photography employed, the limit is raised to the N.A.*multiplied by 80,000. 

The aherrationfor non-parallel ray». — It is a little more troublesome 
to find the aberration of rays other than parallel, but if the following 
instructions are carefully attended to the problem merely becomes the 
simplification of a vulgar fraction. Let P and be the distances of the 
point and its image from the lens. First find by either (ixxi) or 
(xxxii) : 

a = ?/ -1 (xxxi) ; a = l (xxxii) 

Next find x by (xxxiii) or (xxxiv) : 

a; - 1 . . . (xxxiii) ; a: = 1 + . . (xxxiv) 

T s 


Then find w by (xxxv) : 

I + 4(/i - 1) a a; + (3/1 + 2) (^ - 1) + ill \ (xxxv) 

8/i(/i -1)/® L/i-1 

^ =l-L+^.{x-aY-^, +u>y^ . . . (xxxvi) 

P' / P ^ ^ ^ 

The aberrution 6 P' = . . . (xxxvii) 

To find the aberration of two lenses in contact. Let Q and Q' be the 
object and its conjugate at the second lens, f be the focus of the second 
lens, and F the focus of the combination ; then P' = - Q. 


1 

P' 


1 1 

7“P' * 

for the first lens, 


(xix) ; 


^=11 
Q' f'\ 


/ P 


+ 0,7/- 


for the second len.^ ^ . = y ^ +fo' if 


. (xix) 
(xxxvi) 
. (xxxvi) 


sui 


for both leases, i. = ^ - V 

y J J ^ 


Therefore, for n lenses. 


1 




(xxxviii) 
(xxxv hi) 


The aberration ^ Q' = - S w ^'~y' and3F= -Sw Fhf . (xxxix) 
Example : Two plano-convex lenses of equal foci have their convex 
■faces in contact (fig. 7) ; find the aberration for parallel rays. Then 


= ; /=/'. 
2 


F- 


/ 


(xxii) 


For the first lens r ^ go ; therefore x= - 1 (xxxiii) ; P = co ; therefore 
({ = — 1 (xxxi) ; and (xxxv) 

For the second lens s-x ; therefore a; =» 1 (xxxiv) ; ; thcre- 

^ Jouriial E.M.S. 
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ir:; 


, 20 
= 2 )j) = — . : 

3/3’ 

20 

‘24F'’ 


fore a= -3 (xxxi); (ixxv) ; 

/>»2 F (xxii) : therefore 2(c 
aF= y'^ 

24 F® “ Q • 

ThiB is half the aberration of an equi-convex f ^-u 

focal length as the ownhination where^ ^ 

3 / 

If the front lens of the combination be turned mund cn iv.nP 
eurfoce faces the incident Ught the aberration is^ ^ 

5F= -l.y" , . , 

12 F 

or half what it was before (fig. 5). 

TMb is ne^ly a tod of the aberration of a plano-eonvox in the bee, 
position (fig. 2), which is 

•■ (V.H) 

The following figures pictorially illuBfcrate spherical aberration in 
single le^es and in vanons combinations of two plano-convex lenses, all 
having the same focus F, the same aperture, and the same refractive 
index 5. The dot nearer the lens is the focal point for the marginal, and 
that farther away the focal point for the central rays; the distance 
between the dots is the spherical aberration 5 F. 


l1 - ■ f\ 

\ \ ! 

li V 

; 


Fig.1. 


Fig. 2. 


Fig. 1, All equi-convex, r=sF ; 

aF= -l‘b|'= --173 (xi) 

r 

F 

Fig. 2. A plano-convex, = 

§F== -T21 (viii) 

r 


7 7 

Fig. 3. A crossed convex, r = — F; s- --F (x^ii) 

5F= *-1-07^-= -Til (xv) 

r 

Fig. 7. A combination of two pianos with their convex faces in con- 
tact, the focus / of the first lens being equal to / , that of the second. 

The focus of the combination F = ^ 

SF- - -833 1* = -'087 (sxxix) 

F 


Fig. 4. The same, only 2/=/ ; 

8F- - 1-611 1'= -'168 


. (xxxix) 



1128 


APPENDICES AND TABLES 


Fig. G. The same, only/=*2/'; 

SF= -•5|“= --052 (ixiU) 

Fig. 5. The first leiia inverted, /=/' ; 

SF= --4161’= --043 (mix) 

Fig. 8. The same, only 'lf~f ; 

-*G23|,= -'065 (xxxii) 

Fig. 0. The same, only/=2/''; 

aF= --3761'= -'039 (ixxix) 



fiG. 7. t’jG. 8. Fig. 9. 


We see, therefore, that with the same focal length F the aberration of 
fig. 1 is the greatest, and that of fig. 9 the least. We also see in the com- 
binations that by decreasing up to a certain point the focus of the first 
lens the aberration is increased, and vice verm. The best form of a 
combination of plate glass, ^ = I’olG, for parallel rays similar in arrange- 
ment to fig. 9 is when /= 

The Afianatic Meniscus ~K spherical refracting surface has two . 
aplanatic foci, such that if converging rays, which have their focus at P', 
meet a convex spherical refracting surface, whose centre of curvature 
is r, and if the distmice between the points P' and r — fir, then those 
rays will be refracted aplanatically to some other point, say P, which will 
lie on the same side of the surface as P'. This fact is of great service, 
because it enables an aplanatic meniscus to be constructed ; thus, if we 
make r the radius of the curve A, we can make 5, the radius of the curve 
B, a radius from the point P. If, then, P is a radiant, the light travelling 
from left to right will pass through the curve B without refraction, because 
r is the centre of the curve B. The light will then pass on unchanged 
to the curve A, and wUl by it be refracted aplanatically, as if it had come 
trom P'. P will be negative and P' positive. 

The formal ic for finding r and P' when P is given are : 

p'=-^p (d) 

+ 1 

and those for finding r and P when P’' is given are : 



(xli) 
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An excellent combination, suitable for a bull’s-eye, can be luaile uf 
boro- silicate glass, refractive index l-ol, v ^ 64-0 
Ist lens' crossed + 2-oayi 

2nd lens ^ meniscus r~ + 1*280 i 
s= - 8-434 

Distance between lenses, -05 ; equivalent focus, 2'0 ; back focus, 1*55 ; 
total aberration, - *10*1 i clear aperture, 2'0 ; angle, 63°. 

This combination is eminently suitable for photo- micrography, anti for 
those cases where a bull’s-eye is necessary. 

A simpler form of bull’s-eye can be made of two pianos, using tlic 
same glass ; see tig. 9, p. 1128. 

Ist lens, radius -f-S-O, diameter 2‘1 
2nil „ „ -fl-8 „ 1*9 

Distance between lenses, -05 ; equivalent focus, 2{. 

To find the radii r and a of a lens wliich will refrtict light from a point 
j) to point;}' with minimum aberration. 


j)+p 


. . . (xix); K= 


. i\lii) 

^ - P 

T= • ‘ ^" '■^^17- • * • (^Ih) 

7 ( 2 ^ + l)K-4{^-el) p~rK 

Let |9 be the coefificient of in formulae v, viii, xi, and xv, thcji for 

parallel rays in each particular case tin; lateral aberration ^ . . ulv) 


Diameter of least circle of aberration ^ ■ 

Distance of least circle of aberration fn m focus- 


i\lvi) 

(xlvb) 


When the rays are not pnviillel 

(dv) = a,J)'y (xlvi)= (dvfi)= -|«/t 

It is interesting to note =2 ■ 


. (xlviii) 


Therefore, when jj . = ] 


f 


To find m. the magnilying power of simple lenses or magnifying 
Misses Let d be the lead distance of distinct vision apart from the lens, 
Ini f 'be tlie principal or solar focus of the lens. Then, when the eye is 
held close to the lens, ^ 

(.xlix) 


1 + ' 


men the eye is held at the back principal focus of the lens, subtract 
one from this W^ty. For real images projected upon a screen, the 
distance of the screen being d, subtract t^o. this ua.^cmav be used 
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of either a presbyopic or myopic person to a normal focus. Make j) the 
abnormal, and jp' the normal focus ; then/ will be the focus of the spectacles 
required. 

In both cases p is a negative quantity, because it is on the same aide 
of the lens aa ; it is usn^ to mske 10 or 12 mches. 


Achromatism 


Let fi be the refractive index of a mean ray fD line nearly) for a 
certain material, Mi> that for a blue ray, and Hr thatW a red ray ; the dis- 
persive power of the material is this is usually written-^ , or w. 

The formula for achromatism is 


-ilL 1 1 ^0- 

f,-Vf /-I/' ' 


that is, y = 0 (1) 

Tile foci of the two lenses are therefore directly as their dispersive 
powers, and the focus of one will be negative. 

An achromatic effect, which is not achromatism in the strict mean- 
ing of the term, can be obtained with two lenses of the same kind of glass 
by making d the dtstonce between the lenses : 

i^iAf±n m) 

2j)-/ 


If ‘p is large, / in the denominator may be neglected ; this will make 
d half the sum of the foci, which is the formula for both the Huyghenian 
ond Eamsden eyepieces ; but when p = /, d is the sum of the foci. 


Formula relating to Spherical Mirrors 


Letp = one focus, p' ~ its conjugate,/ = principal focus, and r 
= radius of cur'\^ature ; then in concave mirrors 


^ Ff , f^ Pf . r. 
P-f P+f 


i>+/ p' f 


(xix) 


To findp interchange p andp^ 

If 0 is the size of an object, and i the size of its image, and o the dis- 
tJince of the image from the principal focal point, then 

(Hi) 

P 

In convex mirrors prefix a negative sign, thus: ~2/, and so oo 

with the other formulae. 

The formulae for mirrors may be derived from those of lenses by sub- 
stituting- 1 for fi ; thus r = -2/ (vii). 

Let y = the semi-aperture ; then the spherical aberration 

S/« -i ' (v}or(viii) 

A mirror to be aplanatio for parallel rays must have a parabolic curve. 

A mirror to reflect rays diverging from a point p, so that they may 
converge aplanatically to another point p', must be elliptical, having p 
and p' for its foci. 




Works con5ulted:--Coddixigton,Camb. 1830; Parkinson, Carab,; ‘Ency- 
clopffidia Britannica’ ; ‘ Journal E.M.S.'; Heath, Camb. 1887, &c. It will be 
seen that several of the foimulse have been entirely reset, whQe some 
appear now for the first time. 
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APPKNT)IX F 

TiXAMPLES USEFUL TO THE JIIC^OSCOFIST 


Square ^ inch . . . = 10’0806i square millimetres. 

„ * „ . . . = 6-45159 „ „ 

„ ^ „ ... - 4-48027 „ . 

„ . . . = -06452 „ 

= 64515-9 „ fjL 

>' y> . . . = 645-1 59 

Square centimetre ^ 15-50006 square incli. 

millimetre =15-50006 „ xfff » 

100 /* -15-50006 „ riiU » 

10 /X = -15500 „ „ „ 

a = -00155 „ „ 


Multiples of the above may be fouiul by multiplying the values given 
by the square of the multiplier. 

Thus, square ^ 4 ; the scptare of 4 = 4 x 4 16, and 6-4, >1.511 

A 16 ^ 103-2254 square milliinetres, the answer ref[uired. 


Cubic ^ inch 


ITJ 

A M 

> (1 (7 » 

roVir » 


= 32*00589 cubic millimetres. 

= 16-38702 „ 

- 9-48323 ., 

-01639 „ 

= 16387-02 „ }i 


Cubic centimetre . 
,, millimetre . 
„ 100 . . 
lOp . . . 


= 61-0239 cubic inch. 

= 61-0239 » 

- 61-0239 „ .Vffir » 

= -061023 „ „ „ 

= -000061023 .. „ „ 


Multiples of the above may be found by multiplying the values given 
by the cube of tho multiplier. 

Thus, 2 cubic miUimetree ; 2 cubed = 2 x 2 x 2 = 8, and 61*0239 x 8 
= ^ 488-1912 cubic inch, the answer required. 


inch dianieter 

Areas of Circles 

= 1-22718 sq. iV “ich ~ 

7-91726 

sq. mUlimetrci 

A n 

= -78539816 „ ^ 

5-0(>70li 

„ „ 


= -545415 „ .. „ = 

3-51879 

11 II 


= -78540 . = 

-05067 

„ „ 

tAtJ !» 

= *78540 isTTsVff !» 

50670-6 

506-7 

11 8 

1 millimetre cliam 

. = -78539S1C sq. mm. 

- 12-17372 

sq. inch. 

lOOp . . . . 

= 7854*0 „ ft 

- 12-17372 

|» TuVti •• 

10 ^ 

= 78-54 „ „ 

- -12174 

„ „ 

p 

= •7854 „ „ 

- -0012174 
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Multiples of any of tlu‘ abo^ e may be- obtaiiictl in the* same manm r as 
in the preceding example. 

Tims, if the diameter of the circle ^ xi^Tr inch, then the s<|u:irt' of 0 beins,’ 

H and -7854 ^ 9 = 7 '0686 sq. inch and '050(17 x 0 ~ 'daOOH sq. inillimelro, 
is the area required. 

Vohimen of Sj^Aierei 

A in, diameter . = h02206 cubic jV inch ^ 16‘7 580.') cubic millinictn'S. 

X = •’12360 „ = 8'r)80'24 „ 

V „ „ . - -30301 .. =. 4-96r)4*3 

Vr » 1 , • ‘•'12360 „ xuG .. - 'OOK-aS 

o • = ‘52360 .. ^,Vt> ■■ -B5K0-24 .. M 

1 mra. dianu . . . - '52360 culm; mni. -31'95-2 cubic ,h; inch. 

100 „ ... =523600'0 .. ^ . 31 -952 ph..-, 

10 u „ ... - 523'60 .. - '03105 

... - '12360 .. := 'OOGOOiO,') .. 

lifnltipleB of any of the above follow the prcectling example of cubic 
measures. Thus, if the diameter of the sphere 30 ji, then the cube of 3 
being 27 and 523*6 x 27 - 14137'2 cubic lu and '03195 x 27 -- 'HO-iO.l cubic roVo 
inch, is the volume required. 
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APPENDIX G 

VSEFVL NVMBEBH AED FQliMULM 

Paris line = ‘088813783 inch. 

Cubic foot of water weighs 62‘2786 lb. avoirdupois at 62® Fahr. 

Cubic inch of water weighs 252‘286 grs. at 62® Fahr. 

Gallon of water weighs 10 lb. avoirdupois at 62® Fahr. 

1 gallon = 277*27884 cubic inches. 

Cubic foot of sea water weighs 63'96 lb. 

Weight of sea water = 1'027 weight of fresh water. 

1 inch of raiufaU = 100 tons per acre. 

Pressure of water in lb. per sq. inch ^ ‘433 head of water. 

Expansion of water between 32® Fahr, and 212° Fahr. = ‘04775. 

Dip of horizon (including refraction) in nautical miles = 1‘16 ^height. 

Marks on hand lead-line for sea soundings 1, 2, and 3 fathoms, 1, 2, 
and 3 tags of leather respectively \ 5 and 15 fathoms white rag ; 7 and 
17 fathoms red rag ; 10 fatlioms leather with hole in it ; 13 fathoms blue 
rag ; 20 fathoms 2 knots : 30 fathoms 3 knots, Ac. A small knot is placed 
at intermediate 5 fathoms after 20 fathoms — viz. at 25, 35, 45, &c. 

Pressure of wind in lb. per sq. foot-0‘002288 (velocity in feet per 
6econd)‘b 


Areas a/nd Volumes 

Area of triangle = base x ^ perpendicular. 

Volume of wedge = area of base x: 1 perpendicular height. 

Volume of cone or pjTamid = area of base x ^ perpen^cular height. 
Surface of side of cone = circumference of base x | length of side. 
Area of parabola = base x | height. 

Velocity of light = 186,377 statute miles per second.’ 

AVave-length of yellow light = inch. 

° 43100 

Number of vibrations per second 508,961,293,000,000. 

Falling Bodies 

S, space fallen in feet ; V, velocity in feet per second ; g - 32‘2 ; t, time 
in seconds. 

S = V = ^/¥g. ^/S = 8‘025 v'S. 


Arithmetical Frogression 

A, first term ; B, last term ; S, sum ; d, difTereiico between terms ; 
number of terms. 


» Latest detexoiiiiation by Prof. Newcomb, of Washingfcoa. 



USEFUL TO THE MICROSCOPIST 


H35 
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Gconidrica t Pro;/ rctsdait 

m, multiplier or divisor. 



A 

B 

m 

B-Am('‘' 

S 

_Bw-A 





02.-1 ■ 



Properties of Circles 

and Spheres ttc. 

TT = 

= 8-141592653589793 

-e 

logr 

7=0-4971408727 

tP 

-9-8696 

y/iT 

= 1-77245 

1 

TT 

■31831 

1 

= •10132 

1 

IT 

- -56419 

TT _ _ 

4~ 

785308 

TT 

6' 

= -5236 

V2 

= 1-41421 

U-2f 

/ = 8'0249() 


Circumference, C. .\rea, A. Radius, r. Diametfu'. d. Vohijue, V. 
Surface, S. 

C — 2 TT r = TT if, A = TT r*. S = s- d\ ^ ^ , d = - 

6 77 

Area of sector of circle = “ ““ “'■-A 

360 

Length of arc = number of degrees x 'OlTd.jS r. 

Unit of circular measure = 57°‘29578. 

Side of acpiare of equal area to a circle = r ^^ 7 r. 

Side of inscribed square r \/2, 

Area of ellipse = 1 major axis x ?, minor axis x tt. 

Volume of spheroid = polar axis x (equatorial axigj^x^. 


Niuiiber of Thraids per inch in WMlwortldn Standard Screws 


of tlii'eads 1.50 Siz 

s 1 . . No. of threails 2() 

„ 80 

,7; . . t, 18 

00 

16 

,. 40 „ 

14 

32 : „ 

h . . „ 12 

24 

^ . . ., 11 


Convenient Apprvxiniations for rapid Calculations 

0 knots = 7 miles, more correctly 13 knots lo miles. 

8 kilometres =5 „ „ » 50 kilometres -31 „ 

1 metre = 3 ft. 3^ in. „ 32 metres -35 yards. 

0 centimetres -2 inches „ 33 centimetres -13 mclies. 

dmUliinetres -^incIi „ 5 millimetres =iiucb. 

1 pole = 0 metres ; 1 furlong = 2 hectometres. 

.5fi = -Ajr inch ; t /io inch = | mm. ; . . 

2 aro-2.39 sq, yds; 1 rood: 10 are; 2 acres-:81 are; itO hectare 
*>47 acres * 3 cubic yards - 23 deci stares ; 1 decastere = 13 cubic yards ; 

2 decilitres = 7 / 5 (ounces); 4 litres = 7 pints; 2 grammes = 31 grams; 
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4 grammes = 15 (drachm) (apotliecaries’) ; 7 p'ammes = 4 dr. (drachms) 
(avoirdupois). 

!) kilogrammes 11 lb. (avoirdupois), 

150 kilogrammes ^ 1 cwt. 


NoherVs 19 Band Test Plate 


Band 

Lines per inch 

Band 

Lines per inch 

1 

11259-6 1 

15 • 

90076-1 

5 

33778*5 ! 

19 

112595-1 

10 

61927-3 1 




Difference betw^een each band - 5629-75. 


Nobert's last 20 Band Test Plate 


Band 

Lines per inch 

Band 

Lines per inch 

1 

11250-5 

1 

168892-7 

5 

56297-6 

1 20 

225190*3 

10 

112595*1 

1 



Difference between each band = 11 259' 5. 


Convenient Formula for Lantern Projection or Enlargement and 
Reduction. 


Let D be the distance of the screen, and d the distance of the object 
from the optical centre of the lens, F the equivalent focus of the lens. M 
the magnifying power or * number of times ’ for enlargement or reduction, 
then — 




Example : It is required to project by a lens of 6 indies equivalent 
focus a slide ha\ing a B-inch mask so that it may give a 10 -ft. disc, what 
must be the distance of the screen ? Here M the magnification will be 
40 times, D-F (M + 1) = G (40 + 1) = 246 inches == 201 feet. 

Note, in a double combination the optical centre may be assumed to 
be half way between the lenses. To reduce, interchange the object and the 
screeu. 


Rogal Microscopical Sociciffs thiugcH 
Substage l’rj27 inch =38*786 mm. 

Eyepieces. No. 1 *9178 -2B*B00 ,, 

„ „ 2 1-04 „ 2f>'416 

M „ 3 1*27 -B2'2oS .. 

„ „ 4 1*41 35-814 ,. ' ' . 

For the screw of the objective and nose-piece the Society sujiplv. at 
cost price, a sizing die and plug, also screw chasers. They do )iot, how- 
ever, supply standard screw gauges. Full particulars regarding the 
screw will be found in the ‘ lU'M.S. Journal,' 1896, p. 389, 
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Aim 

A 

Abbe (Prof.), oil amplifying power of lenn 
; on homogeiieou.s i miner y on ^ -iy ■ 
on improvement of ojitical glass' ij-j- 
on classification of eye-pieces '.u' • oil 
principle of microscopic vision, 4% 44 
45; on definition of aperture, 44; on 
aperture, 48 nofc; on radiation, 57 ; 
on angle, of aperture, GO, 61, G'i ; on 
diffraction, 63-75 ; on ‘ iutereostal 
ppints,’ 7H; on ‘ ixmetiation,’ 8-i; on 
over- amplification, 9li; on stereoscopic 
vision, 110, 04 ; on ‘ aplanatic svstem,’ 
94 ; on ortlioseopic effect, 115 ; on Rams’, 
den’s circles, 106 ; on solid cones of 
light, 418 

- his stereoscopic eye-piece, 1()'2; camera 
lucida, 281-284;" apertonieter, 307, 
390-396 ; chromatic condenser, 308-- 
309 ; achromatic condenser, 311-:;i2, 
385; condenser, iris-diapliragm fiUecl 
to, 312; diffraction theory and bomo- 
geneniis inimersion, 364 ; compensa- 
tion eye-piece, 378 ; metljod of testing 
object-glasses, 384-387; test plate. 
387-390: experiments in diffraclion 
phenomena, 434 

Alierration, 19; positive, 21, HfiO naU- \ 
negative, 21, 27, 360 note-, chromatic, 
31 ; sjihencal, 31, 301, 300, 388; errors 
of siiherical and chromatic, corrected 
by Ross, 3.57 
Abififi halsanmi, 443 
Atiiogenesis, 761 
.Ahrahain's prism, 401 
Absorption or dioptrical image, 64 
and diffraction images due to diffrac- 
tion, 65 note 

■ of light rays, Angstrilm's law, 323 

- bands, 823-327 
Absfcrietion of spores, 633 

■ \v<ileph(e, sexual zoiiids of polypes, 862 ; 
relationship to hydruids, 872'; develop- 
inent of, 874 ; medusan jdiase of, 877 
Arautkometm xiphini/itho, 850 ; erhi^ 
itoides^ 852 

•Duwfftowcfn'wrt, 846, 852: central cap- 
sule of, 852 

'tcartuo, eggsof, 10(l-]-1006: anatomy of, 


.'ttT 


lOilU* ill"’ lOOl) ; iivinph nf, 

*('; 

1,IP2 ■ - '■bl^slll<■atlun of, 

AcC'OtlLliiorlalsoji of tlti-i'v.-. vw . 1 I 

Anhefa,i)'<7 

~~ egys of, liinr) 

A^h !/u, znilspores of. 5G4 ; ollspnres 
'8)0, zonspninuges of, (Ml) ’ 

■ 563 ;niil «(,/,• ;>(;g 

ArhHanihnr.chn-AHfWi^i ,;15 
■irhuu^ frusiules of, m.',; Ktiiie 
of, 088 (;i .5; ‘slam-os' of, Gli;;’slrnV- 
ture nf frustiile, 615 
Arh,i{niiln->i fmo/iyyrv. (il5 
-Acluonialic comparison of, uitli i-iiro- 
mat]c and apocliroinatic lenses, :](;s 

— condtaiser, Aljbe's, '260, :)0H-rU2 :114 • 
Powell and T.ealand’s, 3111. :;i] ; for nb- 
sen aiidii of pyenngouids. 959 

— doublet, Frunnlinfei-’s, 1 18 ; meniscus 

3 1 6 ’ 

— -lenses, Charles's, llN; Maiv.oli's, 353; 
oelligue’s, 354 

— objectives, lit, :32 ; Tiilh ’s, 354 ; Wen- 
ham’s, 361, 302; cover slips for usi* 
with, 139 

— oil condenser, Powell and Lealand's 
310, 311 

Achromatism, 17, 19, 150; in piif>to- 
microgruphy, 34; rise, of, 147; in. 
augurated, 305 : imperfect, causing 
yellowness, 417 
Acini'fu. 78-3 


‘ Acinetiform young ' of rdmf(f,782 note 
Aciite(iiu(, 78:3 ; food of, 783 
‘ Acorn ’ monad, 7-79 
' Aconi-sliells,’ 967 

Actinia, reproduction from fragmeiits, 

8t):-l 

- ■ eumlida, thread-cells of. 87!' 

cruHfiivontis, thread-eells of, 879 
Actiiwciiclax, 5.S8, 610, 620 
Aciimniiina inerme, S.od, S,")! 
Actiuiiphni!^, 84ii 

— form of ytic \>(jnmht, 7o(> 

- ,00^ 737-712 

Ai'firiopitichn><, 588, GRI, 611 

■1 D 
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ACT 

Aeiinosph(Priuni Eu'hornii, 741 i 

Aciiuotfocha, O.'O 
ActisuZoa, 8C3, 877-88S 
Actios, on myopy, 118 
Actuivrios, on niyopy, 118 
A<Iams’ variable microscope, 142; uoii- 
acbromatic niicro scope, 148 
‘ Adder’s tongue ’ tern, 079 ; sporanges of, 
675 

Adipose substance, 1045 
Adjusting objectives, Ross’s, 357, 360 
Adjustment, coarse, 150-1(32; Swift’s 
diagonal rack, 161 ; Nelson’s stepped 
rack, 161; Wale’s, 224-226 
- fine, 162-175 

Ross's, 153, 155, 175 ; to Pntchard s 

microscope,, 153 ; Watson’s long 
lever, 162, 172, 175; 'Continental' 
type, 162; Swift’s vertical ^^ide 

lever, 1()2, 173, 174 ; Canipbell's 
differential screw, 164, 1(35, 175, 
230; Zeiss's, 166, 175; Reichert's 
new lever, 171, 175; Powell’s, 171 ; 
short side lever, 174 ; speeds of, 
175; to the sub-stage, Nelson’s, 
185 ; fur Powell and Lealaud’s sub- 
* stage, 186 

— - screw collar, 360 

^.Ecidiospore generation of Pnccinia, 

637 

JEcidium berheriilis, relation to Puc- 
ctvfifl, 637 

— tus^ilagiini^, 638 

yEthiilium neptiruw^ plasinode of, (Idl 
AgoririiS, 647 

— anupenins, 648 
Agate, 1095 

A( 7 «rc, leaf of, 68(3 ; rapbides of, 696 
A(p'i()ii, 987 

— pKlchrllunij wing of, as test fur defi- 
nition, 426 

— puella, pupa of, 1)94 ; w'ing of, 1)94 
Aiv-anglo, 50, 78 

Air-hubblcs, microseopic appcaraiiee of, 
429, 4;J0 

Air-chamber of leaves, 716 
Abe of SurireUa, 606 
‘ Alar prolongations ’ in Push Una, 826 ; 
in KHinmiiliteSy 827, 831; of CaJeu- 
7‘W(ly 830 
Albite, 1080 

Albuminous substances, tests for, 516, 
517 

Alburnum, 704, 708 

Alcohol, as solvent for resins, l'vc,, 517 ; 

as hardening agent, 484 
Alctjotaria, 877, 879; spines of, imi- 
tated, 1101 

Atcyonian, resembled by polyzoan, 908 
A!ctj(ini.(Uu>n, 908 ; polyzoary of, 909 
— gelafhiomoiiy calcareous spicules in, 
908 note 

AJatfoiiiiiin (Ugitatiim, 879; spicules of, 
880 

Alder, on branchial sac of Condla, 912 
note 

Alexander, on myopy and presbyopy, 118 


Aloa;, preparation of, 514; included 
under general term of ' thallophytes,’ 
540 ; symbiotic in rodiolarians, 848 

— lime secreting, 1084 

Algal constituents of lichens, 650 
Alkaloids, nucro -chemical examinatioji of, 
1103 

Allman’s experiments on luminosity of 
Noctihica, 7t'9 

Allman, on Pof/yi'OM, 909; on the 'Haus' 
of A2jpr)irUcuIari(i, 9l8; ou 
tliplay 863 note 
Aloe, rapbides of, 696 
Alternation of generations in Jiatracha- 
spennunf, 575; 6:34; in ferns, 

(380; in 877 

AWurn rosen, pollen-grains, 721 
Alvfolitia, 804; resembled \>y Loft Usui ^ 
818; resembled by Pusulina,fi'ia 
AniuranthacPfe, pollen-grains, 721 
.-Inifi ranni us hijitochontlnacus, seeds of, 
724 

.4 warniicium prolifo’inn, as exam]>le of 
compound ascidian, 912 
Amici suggests oil for iininorsion lenses, 
29 

Amici’s invention of immersion system, 
27 ; Imrizontal microscope, 14H; camera- 
ludda, 279 ; objectives, 355 ; triple 
back objectives, 361 ; water- imniersiun 
objectives, 362; oil-immerBion objee- 

— lives, :)()4 

,4 nitnodiscus, 814 
Aunnathra j^iJPnogovoideSy 958 
Auuvhd, 738, 742-747, 1018 
■Innrfcft-phase of Monas, 756 
Aiua’ba pndeufs, 742 

— radidsn, experiments on, 743 
,}o(a7j(C, cells of sponges resembling, 

855 

Amoeboid phase of Tetramiius, 761 
Amphibians, plates in skin of, 1026 
AmphioxiiSy aftinities with ascidians, 917 
notu 

Amphiplcura prJliicidu, with oblnjiie 
illumination, 59, 75; resolution 01,85; 
markings measured, 274; markings 
nil, 592 

Aiirphistrgina, 827 ; internal cast ijl, 
841 

.4 inphitftras, 614 

Aniphinuut, red Idood-eorpusele of, 1i':i6 
Anipbutujx, haustellium of, 9!)2 
Amplification, 88-3)0 

— linear, 26, 39; of images, 45 
Ampullaceoua sacs of sponges, 856, 857 
.biabicm?, 548 

528 

- aJsiuasiruui, cvclosis in, 689 ; habiuu. 
690 

AnagaUiSy rapbides of, 696; seeds ef. 
724 

- (irrcHsis, pt'tula of, 719 
Anal jdiite of Anirdon, J)03 
Aiuilgusincr, 1013, 1014 
Analyser. 318 
Analysing iiose-pieee, 294 
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ANA 

Auilysis, micw-cliemic'dl, 110^ ; iiU'thod 
of, 1102 

inaraphidccc, o99 
Andioi'-likc plates of Syhftpffi^ H!),1 
Andalusita, 1077 
Anclrospore of (JSdoyonium, .‘572 
Anemopos, See AtTiS(jzoA 
Aucmophiious Howcrs, 722 
.Inef/iitw graveolctus^ sce^s of, 721 
Angle, extinction, 1079 
- of incidenee, a; of rcffaction, ;j; 
of aperture,, OJ 

Angles of aperture, air, Italsam, oil, 
water, HS~H7 

Angstriim’s law for the absorption of 
light rays, 323 
Aiujuilhdii 

- fluviutilis, 945 

- yCntUm, 045 
.higidllul^, 045 
Angular aperture, 395 

of dry objective, 301 ; of oil iiinner- 

sion, 391 

- - of aperture, resolution dependent 

OH, 44 

- - of water immersion, 391 
Angular distribution of rays, 50 ; grip, 

01 ; semi- aperture, 77 
AtijjdDf/errr, characters of, 013 
Animal kingdom, two divisions of, 727 
Aniinalcule cage, 340 
An iuialcules, 7 53. AVe Tlur:i f eka , i itfn - 
Horio^ RHizotoUA, Ac. 

Animals and plants, differences between, 

530 

Anisochehe of sj^mges, SOO 
705 

Annual layers in trees, 704 
Annular cell, AVeber's, 350 

- - ducts of Phauerogams, 093 

-- inuniiuation and false images, 419 
illumination forexacainiug perforated 
membrane of diatom, 41 i) 

Annulata (.Annelids', larvie of, colleeting, 
529 ; marine, 947 ; appendages of, 949; 
jaws of, 949 ; development of, 949 ; 
eggs of, 950; froslnwater, 955; himi. 
viositv of, 955; bibliograpliv, 050; 
‘liver’ of, 1047 

.Vnnulua of sporange of fern, 070 
Anodon, pearls in, 923; glochidia of. 
933; for observation of cilian’ motion, 
940 _ 

■ {liQinhi, prismatic kyer in, 924 
Anopht (Newertinesi, 9.51 
loop fop /i/v/ft circidnns, 774 
Anortbite, 1080 

DjCcdou, food of, 771 ; pentacrinoid 
larva, of, 900-902 ; pseud enilu'vo of, i)li3 
•\ntcnjim of insects, 987 ; preparation of, 
988, 9«9 note. 

Aiillieridof Vaucheria, 533; of Ckirc, 
577, . 578 ; of I'kof/mc, 027, l'28; of 
Ffow/crf’, (idl ; 0 / Vemtiospamr, 333; 
of Aftnrhoni'utf 095, 337 ; of mosses, 
<>70; of Sphignaeeie^ 373; of ferns, 
077; ta}x;tal cells in, t‘78 


Amli(-ntF(.>t(b 
of V'Hfrl/i 


■111); of Volr.,.r^ 

nvi ' 

’'I ;>72; nf 

r mpr.n>nne, .774 ; of (’liuro, 5:i ('; ',,1 
J tiff'spomr, (127: ,.f 7'5/cnrc„-, t;2s; 

of (i.sl 


of f(.>r)i< 
Amliers 711 


A'lilimiy :Ilr,i,n,i pseiirl,,. Jv’, 

protx'Sfis, 990 iiofe 
7f,5 

Aiflin'ltiiniiit Dhijits', sml t)f 7-') 

.Vpei-tojiwu.r. 195, ; Abbe’s, yii 7 , 394 • 

lobes', ;i9li; use of, ;liM ’ 

Apertui'c, m jiiicroscopic ()lij(wti\(s. 3:;. 
42-51), flO; oblaincd, la; .Abbe mi 

defmition of, 4,7, ig 
aiigular, PI 5>1, 
numerical, tlieoivtioai nia\iiiiijj,i of, 

-numerical, 49 no/c, 5;;, 70, :p.iu; f,,,. 
dry objcdive, 50; for oil inumn'sioi), 
■jO ; lot water iimiicrsimi, 5il 


iiuinerical. of Zeiss's apocbiniiialic 
series of objectives, 371 

- of (objective, 390 

' relation of, to power, S2, 8:4, as- 
cevtiiined by vertical ilbnninalioii, :ii ;3 
' table, Hov-ston-Vigott's, ;70 

- - tuimericai, table of, 84-'87 
Apertures, relative, 19 
Aiiht:ini::<)iiie>/on^ 54S 
.Ipin/iioco/j-Kf, 347 

Apliid(% wings of, 998, 90U; agamic iv- 
pruductimi m, loOl) 

.lp/iO(fucS', aiitenim* of, ()8.s 
Apidfp., 987 

.-Ipis iiidlijiat, niftiitlt -pails of, 990 
Aplanatie system, 'iO,*!:; 

- - objective use of, 21 
• - cone, dOT 

- apenare, 399, ;115 

- f(KM, Lister's discovery, .Ion 
Apothromatic objectives, 19, 30, 3:!, 

:);p, 80, 25s; aslvAutages of, :J3, 34; 
objective, Zeiss's, ;li;.7'37 1 ; dry, 3(i.s ; 
eoiuparisQU of, with ciiroimuic and 
acbi'OTUatie Ivnscs, luunfigeiieons 
objectives, I’alne of, in study of 
inomuis, 7(12; objective, use wifcii 
vai'Lous te.st scales, DTH 
- condenser, Powell and Lealajid's, 302 
Aptx'lu-omatisni, :)l)ii, 3i)9 
.-Ijyot.'//H((criC, laticiferous tissue of, 


.Ajxtgamy In ferns, ilM) 

Ajxispu'y ill ferns, iWO 
Ajwtbeces of beliens, G50, 051 
Appiiveiifc creation of slruelurc, 0") 
Aup^'iidiculom, 911, 9J7; plmryngc.i! 
Silt of, 917 ; tailof, 917 ; cofotbord, 9te ; 
' Hans’ of, 91 s 

Appde, rapJiides in bark of, 1193 
Apposition, growtli by, rx):! 

■ - mode of growth of starch, 39 ij 

959,'.!(i2; parthenogenesis of, 9K1 
iH'te 

-- (•((KCf-f^n-wi's, caviipate of, .iiFi 
4 u'l 
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AQU 

Afiuariuai iiiicro&copcs, ; J, W. 

Stephenson's, '267-268; Ri)usselet's, 

'268-269 

Aquatic microscope, 1-17 
Arachnid A, 1008 

— eggs of, 1005 ; related to Pjjcnogonida, 
959 note ; reproductive organs of, 1011 

H 588, 612 

Aruchnospluera ohligactvitha^ 850, 852 
Aragonite, 1095 

- in shell of PholaSy 924 

AraUa papyrifero^ parenchyine of, 687 
1008 

Arcelln, 746 

Archegoncsof rfii/r/jevn/, 563; of Clmro, 
577,578; of 665, C68 ; of 

mosses, 670, 671 ; of Sphayunvecp, 
673; of fems, 677, 678; of Ltjco- 
681 ; of Ekizocarpecr, 681 
Archer, on amcehiforni jdiase of Steplui- 
nosphtcra, 557 note ; on desniids, 579 
>toit ; classification of, 585 ; on 
Ctatln-uJinn, 74'2 note 
Aixherina fiolfoni, 7:50 
.4 ref /«»/(, stem of, 709 
Arcyrio jJavd, s]>orangcs of, 685 
Arenncra^ 810-814 

Arenaceous character of 'I'exfnhtriina, 
8'23 

- Foraminifera ,yt\\'y'u\g size of particles 
in test of, 818 

— test of Foraminifera, 810 
ArenicoUt, 948 

Areolae of fmstulo of Coscinodiscits^ 591 
Areolar connective tissue, 1040, 1045 
.Ir^rts, bite of, 10V2 
ArgaHid(e, lOl'l 
A rgana utn, 929 
^r^iosiinc, 1008 
Ki/H lus fol 966 
AristoU)chi<(, stem of, 700 
‘ Aristotle's lantern ’ of echinids, 890 
Aristotle on inyopy and presbyojiy, 113 
Arsenic, micro-tlieiuicof analysis of, 1103 
-trfcmirt, 96'2 

— saliua, movement of, 960 ; habitat of, 
963 

Arteries, 1056 
Arthrode.sntufi incKS., 568 
AiiTnROPODA,957-l01C; smallest of, 1008; 
eye of, ‘)H;l 

— limbs of Fcdalioii compared with 
those of, ?9'2 

Arthrosporous Bact('n(t, 007 
Artificial light, 417 
‘ Artificial lightning,' 682 
As'Cf(n.s Jumhricoides, 944 
Aaci of -4i!,To«(//ct’fcs, 64'2; of lichens, 650 
Ascidianfi, diatoms in stomach of, 614, 
6‘23; solitary, 911 ; branchial sac of, 
912, 913, 915 ; circulation in, 912, 915 ; 
cotniround, 912 ; cloaca of, 9 13 ; stolons 
of, 914 ; bibliography of, 914 note ; 
social, 914 ; general structure of, 916 ; 
development of, 916; tadixile of, 917; 
affinities with Antphlo.ms, 917 note 
Asclepiadeee, pollinium of, 7'22 


BAC 

{ Ascogone of Ascomycetes^ 6i3 ; of Jit-lieui 
651 ’ 

Ascomyveics, 642-645; as fungus-con- 
I stituents of lichens, 651 
; Ascopores of Ascomycdcs, 64‘2; of 
lichens, 650 

Aiiellus aquaiirmf ciliated parasite hr 
blood of, 774 
Asi'fiis, eye off 987 
AspergiUus, fermentation by, 647 
Asphalte for cells, 446 
— varnish, 443 

Aspidi&cu, a phase in development of 
Trirhoda, 781 

Anpiditiin^ indusium of, 675; soti of, 675 
Asplunrhnu, in confinement, 5'28 
^ls/(js/(/, 545 ; mouth in, 765 
Antcroideo, skeleton of, 891; spines of. 

891 ; larva of, 897 
Astcroiampra, 595, 610 
Asteromphalus, 610 
-Isfroninm, 849 
Astrophyton, spines of, 891 
Astrorhiza, 811, 815 
AtttrofJiizideiy 812 
Athecata, 868 

AtJniriaui Filu'-finininu, avwsporv in. 
(i80 

1 Atrium of XoetUnen, 766 
i Auditory vesicles of MoUiifini, 941 
! Audouin, on ‘ inuscardine,' 645 
: Aiigite, 1072 ; zonal structure in, 1073 
' A ii/cirodiscios, 612 
1 — Kittonii, markings on, 591 
. — Siurtii, markings on, 59‘2 
Autoflssion of diatoms, 594 
Auxospore, 594-601 
; Avanturine, 1095 
Arirxffirhf of i’ofyi'ori, 910, 911 
; ‘•Awns’ of ClKrtocereu’, iWi 
I Axile body of tactile papilla, 1053 
I Ajidnella panidojca, 858 
\ Axis cylinders of nerve-tube, 1051, p.irrl 


B 

BdciJIananue oi Kutzing, 587 
i jy(/rj7far(Vt }5«rrf(7r/Xrt, movements of, 
' 602 , 606 
^ BariUi, form of, 653 
I B<i rillun, ‘ granular spheres ' of, (itiO n<'t‘ 

— (iiifltmcis, 656; spores live in ills'O- 
lute alcohol, 660 

— ntcyaieriion, 655 

— of aaithrax, 10:17 note 

-- of tuberculosis, modes of staiuiii::. 
515, 516 

— - snhtdls, 656, 657, C58 ; spores of, 666 

‘ Bacon-beetle,’ 980 

Bacon (Roger), inventor of simple mi (. ic- 
scope, 126 

Baeterin, use of largo mid small cones u) 
examining, 4*21 ; photo-microgriiphs, 
423; as test for definition, 4*36; stiUimas 
514-516; (see Srhizo)uycPtes\, 6rd: 
affinities to AJg<e, 651; to Fhigeio't''' 
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«ril; to Nosfocacfiff, (iS'i; mo\menU 
oi, mode oi mu\tiT[t\ifta,tion, ().V>; ■ 
forms of, G'>3 ; classideatlou of, tio‘» ; ; 
nutrition of, 658; flagella of, 656; I 
germinating power of, 660 ; spores (if, 

660 _ ; 
BafieriafilnuHfuraftum, 61 i 
Bacteriology, 6152 

Bacterium lineoh, compared witli : 
C<!rt'omo«as, 651 * 

— lincoht, 658 

— teruio, flagellum of, li, 65B; iiiov((- : 
nient of, 653 ; zoogloea of, 65!) ; germi- : 
nation of, 660 

Biiilcy, on internal casts of Foramiiti- j 
note 

Bailey’s method of isolating diatoms, 
(;24 

Baker, on Cuff’s microscope, 142 
Baker’s microscopes, 202, *218-221, 230, ; 
246, 251 ; mechanical stage, 181 ; sub- 
stage, 188, 180 ; achromatic C(;iulens(}i', r 
306 ; fitting for condenser, 312 

— lamp, 407 i 

Bal(inid<e, 067 I 

Bdiunus bahmouJea, 067 ; disc of, 068 
Balsam angle, 50, 78 

— refractive index of, 77 
Bauksia, stomates of, 716 
Barbadoes earth, 846, 840 
Bark, 700, 702, 708 

Barker's Gregorian telescope, 145 
Bar movement, 262 

‘ Barlow lens ’ applied to a microscope, ■ 
140 

Barnacles, 9(>7. Cimpedia 
Basftls of A/ifedon^ 001 
Basidiouujcrtcs, 647; as fungus consti- 
tuent of lichens, 651 
Basidiospores of Jiasidumipefc^, 647 ; 

of Hipncitomijcetes, 647 
Basids of Paa’iuid, 637 ; of Buffidioi/nj- 
rden, 647 
Bast, 710 

Bat, parasite of, 1012 ; hair of, 1030 ; 
cartilage in ear of, 1046 
Jiathijhius.,' 

Brifrochia, red blood-corpuscles, 1635; 

lungs of, 1063 
}htraclt(>!ipermac,yii 
Butmehasperannn mouill/orfiic, 575 
proLoncme of, 575 

‘ Battledore scale ' of Ltjeinndu\ !)75 
Biuiscli and Loinb's inicrosc‘(»pcs, 21*2-214, 
22'2, 230, 247, 252 ; mechanical stage, 
183, 184; snb-fitage, 212; chemical 
microscope, 263 | camera lucida, 28-5 ; 
(tbjectives, 375 

Bddh, maxillary palps of, 1010 
UdrUidee, 1013 
Bdclloida, 71)1 

Bead-moulds, 645 . • , i 

Beale’s caiucrii, *270, 288 ; glycerin nielli od 
ot preserving, 520 
Beale, on organic structure, 1017 
Beck's microscopes, 228, 233; inechanl- 
till stage, 184 ; rotatory nose piece, 201 ; 


.,r ''05; sid.. 

' i-.lu-al ilhimimiu-r, ;;;i7 ; iOm-’ 
n(»Ulcr,ji;iU; cmnptesMir, vU'; 

luf ha-kiiij; CIMISC adjustmeut, 3 r) 2 ; 
oliprUics. :;T5; kmp, 405-107 ; ,u\ivi)- 
m.UH- biiiucular magnifier, 456 ii»fe: 
dNC-lioliler ('xamimition of Fom- 
iuiin/rni^ S.J5 

Berk ( h, I, (111 nuu'king!, of Pudiira scale. 
!)7.s 

Bee, luiirs of. OHO; head of,!l82 ; wing of, 
’J!i4, ij'.i.s: sting of, 111(13 
Beeldsuydi r’s iKlirMiinilii: obji etive, 147 
Ber.'tli's. See Ciilf'nj/lrni 

form of, 652, f;53 

- uih<i^ 653-655 
/h'(/n///7i, seeds of, 724 

Behrens’ metlind of iimilysing minerals, 
l(is3: of iJiicro.eheniiciU iUialvsis, 1102 
Bell iJcflrey -,011 the spiius (if f.’idn/v'v, 
8.s;) 

Bell’s cements, 4 (3. 471) 

Beiiedmi (Kil. \aiij, on llrci/iirluii f/i^ 
ganfru^ 710 /rote; on mueenient of 
gregarines, 750 
Benzol, Uses of, 517 
Bei'gli, on i*7o(/c//o/o, 764 
‘ Bei'gmelil,’ llLl'i 
B/‘ddr/pt, 6112 
Bermuda earth, (JUH, 611 
if''eo(:', c(;llecling, 520 
■ - 881, 88*2 
■ ovefim, Eimer on, 832 note 
Birrllai'id iHiuiu^ t)]ll 
Bleoiuex lens, formulie relating tn, 2) 
Biddiilphiu, 612 

- cyclosis in, 587; chains of, 588, 5116; 
structure of frustide, 50(» nute 

Bidthilidticir, cliaracier of, 612 
Biilagellale monad, 750 
Biipoiii 'id, seed of, 724 
Bignouiaectf, winged seeds, 724 
Biloddiitfi^ 8(12 

Binary subdivision of cell, 535, 536 
: BiiKX'ular eye- piece, Tolies’, ]i)l ; Abbe’s, 
102 

Binocular magnifier, Beck’s achromatic, 
456 note 

Bluocnhir micvoscojie, 6), 07 
: EiddellV, 06 : >' acliet’s, 08 ; stereo- 

scopic, Weiiham’s, !I3; Stephenson's, 
106; Stepheusou's erecting, 100; 
stereoscopic, for study of opatiue oi)- 
jeets, 1()3: non -stereoscopic, 165; 
Powell and Lealand’s high-power, B)5, 
106; Ronsselel'.-^ portable, 245; Ste- 
phenson’s for dissfxtion, ‘248, 461, 4.)6; 
spectrum mieroscopCi 627 
Biologv, 530 

‘ Bipmnaria,’ resemblance of -4r/;/(o- 
fruelnt to, 1)50 
Bipinmiria aAerigeni, 8*27 

Birch, pollen-grnins of, 722 

Bum, parasite of. 1012, lOU ; iacume. m 
bone of, 1022 ■. epidermic 
(d 1020; red blood-corpuscles or, 1034, 

1035 ; hiiJgs of, 1064 
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BIK 

Bird’s egg, concretions on aiiell imitated, 
1102 

‘ Bii-cl’s head procest,es,' see Avindarto, 
910 

Bismarck browm, 489 

Bivalves, structure of ligament in, 10 Hi 

‘ Black dot; Nelsoji's, 277 

‘ Bladdenvrack,’ 627 

Blanchard {K.l> cm .Syjoro;''o», 749 vote 

Blatia, unteuine of, 988 

— - oriodalhy eggs of, 1005 
Blenny, scales of, 1027 

Blood, colourless corpuscles, 1018; method 
of mounting, 1038 ; circulation of, 1054 ; 
flow of, 1055 ; micro-chemical examina- 
tion, 1103 

— of insects, circulation of, 993, 994 ; 
of Fer/t'hrafa, 1034 

Blood -corpuscle, relation of size to that 
of bone kcunse, 1022 
Blood-corpuscles of Vertehrata, 1034 
Blowfly’s maxillary palpus, hairs on, 
examination of, 422 

BloW'fly, proboscis of, examination witb i 
apochroinatic, 371 ; hairs ou, as test j 
for definition, 426 

— development of, 1 007 ; ‘ imaginul discs ’ 
of, 1007 

‘ Blue mould,’ 643 
Bo(h>, 545 

Body of the microscope, 157 
‘ Bog-mosses,' 673 
Boletus, 647 
Bavihifx, 987 
-- mori, eggs of, 1005 
Boiiannus'fi microscope, 132; his hori- 
zontal microscope, 133, 134 ; his com- 
]X»und condensers, 293, 299 
Bone, 1020 ; structure of, 1020-1023 ; 
preparation of, 1023 ; matrix of, 1039 ; 
decaleiflcation of, 512 
Bones, fossilised, 1090-1092 
‘ Bony pike,’ scale of, 1022 
Borax carmine, 490 

Bordered pits in the trachcides of coni- 
fers, 693, 703 

Boscovich, on chromatic dispersion, 42 
Botryllians, 914 
BolrjjUns vtoIaceuH, 915 
Botryocjfsfis, 545 
Botrijtis hassHuto, 645 
BotterilVs growing slides, 340 ; his 
zohphyte trough, 348 
Bouguet, on uniform radiation, 51 
Bowerbank, on sjxjnge spicules, 859 note ; 
on structure of luolluscan shells, 921, 
928 

Bowerbdidiid, gizzard of, 905; stem of, 
908; i»oly7.oanes of, 909 
'Box-mite,' 1012 
Bruch!7iun, nntennte of, 988 
BmehioHus rdbcus, 737-790, 791 ; male 
of, 790 

Brackiohopa, shells of, 919, 925-927 ; 
relation of shell to mantle, 926 ; attiui- 
ties to Bohjzod, 927 
Brachyurous decaiKKls, young of, 969 


BUT 

Brady (H. B.j, on ii'oronK'Ht/mf, 810; icr 
arenaceous Foraminif&nt , 811; on 
affinity of Carpeniena, 82 3 
Brady and Carpenter, on fossil LitUdlw, 
817 

‘ Brake-fern,’ 673. See A spiiVt u m 
Bran, 725 

Branchiae of annelids, 948, 949 
Branehiopoda, 959 ; divisions of, 961 
BrnnehipuH, movement of, 960 
~stdq>i<du, 962,963 
Brnuehivra, 965 note, 906 
Brandt (K,), on artificial division of 
Actuiospluerlnm, 741 vote ; on 
zooxanthellie, 848 
Braun, ou Pedidstrum, 567 
Brewster, his hand magnifier, 37 ; on 
modification of stereoscoiwi, 91 ; rjn 
‘lens ’from Sargon’a palate, 119; hi^ 
‘Treatise on the Microscope,’ 120 ; on 
achromatic condensers, 299, 300 
Bright-line spectro-micrometer, 325 
Brightwell, on Tricerdtiuin, 613 note ; 

on Chcctoceme, 614 note 
Brilliancy of image, 382 
‘Brimstone moth,' eggs of, 1005 
Brine shrimp, 960, 963 
‘Brittle stars,’ 891. See Opbini'didm 
Brooke’s nose-piece, 201 
BrowniLUi movement, experiments, 4:’l. 
432 

Browning’s bright line sjrectro-mitm- 
meter, 325 
Briicko lens, 38 

Brunswick black as a black ‘ground; 

444 ; for cells, 446 
Bnjdced’, 673 
Bj-yobid, 1013 

Bryony, cells of pollen-chambers, 729 
7J)7/oiTja, 904. See Polvzua 
Brt/iint, iiiferniedinin, peristome i>i‘, 
(i72 

Bubbles in cavities of crystals, 1074 
Bnccinuni, 937 

— nnddtnn}, palate of, 930, 932,933: 
nidainentum of, 9;44 

Buchner’s experiment on sjx'res '>1 
Baefcnn, 060 
Buckthorn, stem of, 703 
Bug, mounting medium for, 973 
Bugithi, ])alyzoary of, 909 

— dcicnl(fria,m,ni 
Built-up ‘ cells,’ 449 
Bulbils of SiteUa, 577 

Bulloch's in()dification of /el)lmay(■l■■^ 
microscope, 204 

Bull's-eye, 300 ; use of, 829-333, 407- 
420 ; Avith high power, 331 ; for use lu 
study of saprophytic organisms, 33:'.; 
Po-well and Lealaud's, :>33 
Bull's-eye stand. 24S 
BmidlB-slieath, 711 
Burdock, stem of. 709 
Biitsclili, on mouth otAstusici, 765; on 
Vorfieellrr, 773 note 

— and Eiigelnuum, on conjugating voili 
cellids, 782 
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BUT 

Butterflies, wing of, DDi 
Butterfly. See Lepidoptera 


C 

Ciihlmge-butterfly, eye of, ; numljer 
of facets ill, ; eggs of, J OUo 
Caberca Bari/i, vibraciila of, 007 noti' 
Cabinet for slides, 520 i’lLrniiigeiiient (if 
523 

Cactus, cells of pollen-chanibei's, 721) 
Cactia aeniltu, rtqiliides of, 00(i ; brittle- 
ness of, 60(5 

Cacumaria crocea, development of, 900 

uoff 

Cahnnites, 1084 
CabitJius, fintemiic of, 08H 
CalcariiUt^ 825, 830 ; compared witli 
Eozudii, 888 

Cdlcispongice, spicules of, 8.70 
Calcite in shells, 024 
Calco-globuline, 1101 
CaUithaiiinio7i, 630 
('(iloaaidhcs iiulicu, winged seed of, 72! 
('alotte diaphragms, 207 
Cftlycunlhun, bark of, 70!) 

Ciilycine monad, 760 
Caljxles of hydroids, 8G8 
Calypter of mosses, 671 
Calyx of FlageUata^ 764 
Cambium, 710 
- in Kxogens, OOT 

— layer, 708 

Cambridge rocking inieruloiue, 46!) 
Camera lucida, 277 ; Somiimering's, 278 ; 
Wollaston's, 278; Ainici's, 279; Nel- 
son’s, 270, 280; Beale’s, 27!), 288; 
Cooke’s, 280, 281 ; Abbe's, 281-284 ; 
Swift's modification of Abbe's, 284; 
Bausch and Ijonib’s modification of 
Abbo's, 285 ; Schroder’s, 285, 286 
Canipani’s microscope, 128 ; eyepiece, 1)76 
Cauipaiuila, pollen-grain of, 721 
(.'((inpan tiht rid , 870 

— 865 

(!(nupa)iHlci7‘iida, !^70 ; zoiipliylic stage 
of, 877 

CanipbeH’s difTerential screw, 162, 164, 
165, 174, 202, 2H0 

('auipgl.odificit,s, 587, .588, <5!i.7 ; move- 
ments of, 602; structure of frusluh', 
006 

— cD/pcffv, 607 

— spiral is., eyclosis in, 587 
Canada balsam, 443 

capped jars lor, 477; as mounting 

medium, 480, 521 ; as a prt‘scrv- 
ative medium, 518 ; mode of pre- 
])aration, .518 ; refraclivc Index, 521 ; 
far niountiiig insects, 973 
t.'anal system of C/i(rfiri>ia, 825; of 
Poh/atomt'Ila, 827 ; of Xtutnuiddr^, 
827 

Ciinnliculi of Vione, 1019, lf)21 
tlancellated structure of bone. 1020 
Cducer paguf'HS, skeleton of, 968 


t'EI. 

a, stiifrli-grains of, (i;M 
ba-nmct'liialc, 125 
Cd'-u iiy cif object glass, ;{,S2 
'•;b> Hanes, In;, 6, Kff.e 
j ai'iHitmin of Mfpromgrrtn, ii:ni 
'-^‘('^idc, cenlral,L.f J{„'dudar;n,H\: 
niDsses, 67(1; nf Pitipi(iv,\r.yi 
^'''‘'lous. of (daiJiniliiui, 742 
( ainpace of i’oprpudn, 960; ,>f 

'-'■r'l, ;ii;i 

as a solveni for oils, 

CarbuinfenaKr-poeh, vegetation of. \\s\ 

~ oniesloiic, Uj'ICl 
bVnv/ic.s-MOe, coileciing, ,527 

//ocn//.v mclainorpliosis of, 

t.ai')iatioii, parcncliyinc of, 6.ss 
^ of ciiaiiu'l ill, 

Car|), sciilos of, 1027 
b arpeiiter ( H , p.)^ (,n crinonh, 9(i;i /ode 
-.a I peirter I IV . B.l, an stereoscopic vision, 
.)0-.l..( , on ( lassifieiitioii of idi/'H /;//// /- 
/era, 799; ,ai C.coo//, leW ; on alter- 
nation of generalion in Mnlttsic, S77 ; 
on the so-called excretory jmres of 
('teuophora, 882 )wie ; on dcnelopment 
ol Anfrdo)i,m}io(r; on structure of 
molluscan shells, 921 
Carpi^nteriti, 822; mode of growtli eom- 
pared with Eozowi, 

- rhiiphuhidcndrmi, 823 
Carpogone of Fhyidcir, 632; of Axcouiii- 

Cf'fc.s, 643 

Caipospores of Floriden ., ()32 
(kuTot, seeds of, 724 ‘ 

Carter I H, J.i, on affinity of C'lrprnln itf, 
823 

Cartilage, 1046; mounting, 1047 
('nriim c,anii, seeds of, 724 
i'urgophj/Jlid, lainellie of, 878 

— Snnthii^ f.lircivd-cell of, 87!) 

Cn-sranf/fi, rapliides of, 696 
Cassowary, (‘gg-slicll of, 11(11 
Castracane, on beaded structure of di- 

aloms, 593 ; on Pfitzer’s aiixospores, 
r,95 ; oil sporangial frustulcs of 
diatoms, 59-5; on reinoduction of di- 
atoms, 597 : on diatoms, .598 
Cat, PiM'lnlan cnrpiisrdes nf, 1053 
Caterpillars, ‘ pro-legs' of, 1002 ; feid cif, 
1002 

Catlicart’s freezing mierotoine, 474. 475 
Catoptric form of microscope, 145, 146 
CanJerjXi, 563 

Cauterisation bv focussing t lie sun’s rays 

(Pliny, 117 ‘ 

Cedar, stem of, 705 

Cell, contents of, 533-535 ; hiiuiry sub- 
division of, 535 

Cell-division and nucleus, 1618,1019 and 

‘ Cell ’ of Polf/zoti.. 964 
Celloidin iiishedding method, .aOo-.'OO 
staining and mounting, sections. 566 
Cell-sap, 534 
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C13L 

■* Celia ’ lor examining hiftLSuria, &c., 
340 ; for ilrj mounting, 445 ; of cement, 
446; paraffin, 446; paper, 446; ring- 
cells, 446; of plate-glass, for zoo- 
phytes, itc., 446 ; built up, 449 ; sunk, 
449; mounting in, 469-484; of bone, 
483 ; of tin, 483 

Cells of plants, 5:19 ; multi-nucleated, 534 ; 

primordial, 5:16; of vertebrates, 1018 
Cell-structure, Straslmrger 011 , 537 
Cellular cartilage, 1046 
- parencliyrae, 688 
Cellulose, 63S 

— ■ tests for, 516, 517 ; envelope of des- 
mids, 580; in Dbiojiugdluiu, 770; in 
zoocytium of Ophrudinm, 778 
Cell- wall, 5:13; mode of growth of, 533; 

apposition, 5:1:3 ; intussusception, 533 
Coll- wall of Phanerogams, 699 
Ocinent-cells, 146 

Cements, 442; liquid, 442; Bell’s, 443, 
479; japannet’s gold size, 413; Bruns- 
wick black, 444; glue and honey, 444; 
shellac, 444 ; Hollis's liquid glue, 444, 
479 ; Venice turpentine, 444 ; marine 
glue, 415 ; Heller’s porcelain, 591 
Cemcntiim of teeth, 1025, 1096 
Centipedes. See Mifviopoda 
Central capsule of Eadiohtrin^ 734 
■Centring, 389, 389 

Centring nose-piece, 99:3; as sub-'-^tage, 
230 

Centro-doTSivl plate of rinfci/ioj, 909 
CephnloJiihts sylcina, 

Ophalophorous inollusca, palates of, 
930-933 

CtPH.VLOPOnA, 929 

— organs of liearing in, 941 ; chruinato- 
phores of, 949 

Cerammct’cr, 0:30 
Cerainium, 630 
deraiimn, 771 
■ — fyrcff, 771 

— iripos, 771 
Cemtodiis, 1091 

Ort'ouunms compared with Bac- 

teria, 651 

Cereals, seeds of, starch in, 694 
Ceruru vinxla, eggs of, 1005 
Cestoid, 943 

Cetonia, antenna? of, 988 
('kcelocerece, affinities of, 614 

— - ‘ awas ' of, 614 

— occurrence in marine animals, 614 
ChataeeroH Wighuoiir, 614 
Ch<ifophor((ce(€, 573 

‘ Chaff'.scales,’ .silex in, 715 
Chalk, microscopic constituents of, 1085, 
1087; resemblanoft to Glohiffcrciio, 
ooze, 1087 ; mode of preparation for 
examination, 1088 
Chamn, prismatic layer in, 994 
Chamberlets in Foranriulfera, 798, 803, 
804; of ParJeeria, 817; iii Fnsnlina, 
82.5; of C)jci(icljjpe>ts,8‘d^) 

ChamUtfc, Fora mi nif era attached to 
shells of, 845 


CHR 

Changes of form of white corpuscles, 10:37 
Chantramia and BatrachospeTmum,^lii 
Ckara, 576, 669 ; antherozoida of, G67 
Characece, 575-579 
Charles’s achromatic lenses, 148 
Cheese-mite, 1008, 1013 
Cheilostomata, characters of, 909; ex- 
amples of, 910 
Ckeirocephalus, 962, 963 
Chemical tests fbr biological work, 516, 
517 

Cherry-stone, section of, 693 
Chert, 1089 

Ch6rubin d’Orleans, his binocular micro- 
scope, 130, 131 ; his compound micro- 
scope, 1:30 

Chevalior, on Charles’s achromatic 
lenses, 148 

Chevalier’s combination of lenses, 38; 
achromatic microscope, 148, 150; mo- 
difications of SelUgue’s lenses, 354 ; 
objectives, Lister’s note on, 354, :3.5.j 
Chei/leti, 1013 

Cheyletidie, traeffieae of, 1011 
CJteylefus,h&irs of, 1010; legs of, 1010; 

mouth parts of, 1010 
Cliickweed, petals of, 719 
Chicory, adulteration of, 725 note 
Chilodan, mouth of, 774 

— eitciiUiiUif!, binarydivisionof, 777, 779 
ChilognaflM, 981 

Chirodota tdolacoa, ‘ wheels ’ of, 896 
Chitin, In test of Arcrlla, 746; of insects’ 
skill, 974 

Glutinous substances, mounting, 481 
Chiton, shell structure, 928; eyes on 
shells of, 941 
Chhiinydainonas, 545 
Chiamydomyxa, affinity with Moticro- 
zoa, 727 

Chlaynydmpores, of Miuorini, 641 ; of 
gregarlnes, 750 

Chloral hydrate as a preservative nn‘ 
diuni, 519 

Chloroform, uses of, 517 
(hilorophyll con^uscles, 534, 535 
ChJoroRporece, 625 
(hioHDAT.A, 911. See Vektebkata 
C horoid coat of eye, pigment-cells in, 
1042 

Chromatic, comparison of, with achro- 
matic and apochromatic lenses, S68 

— aberration, 16, 17, 31 

-- condenser, Abbe’s, 308,309 ; 311, 319; 
385 

— Powell and Lealand’s, 301-303 
- correction, test for, 388 

— dispersion, diminished by Huyghens' 
objective, 42 

Chromatophcires of Feridiftium, 110‘, d 
Cephalopoda, 942 
Chrmuatoplasin, 537 
Chroiicoccaceff’, characters of, 547 
Chroucoems, 547 ; as gouidof lichen, 6-51 
Chro'dvpns, as gonid of lichen, 651 
Chrijsuora, 874, 876; development of, 
876 
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Chyle, corpuscles in, 10;37 
Chytndiacecp,^ fiSfj 
Cicadf?, wings of, 998, 999 
Cichoriaceaiy polleji-grains of, 721 
Cicinikla^ 987 
(/idaris^ spine of, 885, 888 

— me^ii7ari«,mocleof ffirniation of siilnos 
in, 889 

Cienkoweki, on decaying cells of 2\iii‘Uii 
579 note; on parasitic plasuiodc in’ 
Nitella^ 579 note ; on reproduction of 
NocHluca, 769 

Cilia, 592, 1044 ; of /n/nsorin, 771 ; use 
of, in Ciliata, 77B; of TurhdJaria, 940 
Ciliary action, 772 

— motion on gills of Molhtscu, 940 

— movement in protophyes, 5:i7 
Ciliata, n 1-1 H'S; ciliary autioii of, 772 

774 ; ‘ shield ’ of, 778 ; lorioa of, 77B ; 
myophan-Iayer, 778; trichocysts of, 
77B; cnto-parasitic forms, 774^ moiuh 
of, 771; foot- stalk in, 774 ; impression- 
able organs of, 775; ‘eye-S}K)ts’ of, 
775; food of, 775; artihcial feeding, 
776; contractile vesicles of, 776; inu|. 
tiplication of, 777 ; conjugation of, 777, 
782 ; encystmerit of, 778-7H2 ; disper- 
sion of, 781 ; desiccation of, 781 ; Stein 
on acinetiform young of, 782 note 
Ciliate Infunavia, general structure of, 
754 

Ciliated epithelium, 1(144 
Ciliobrachiate zobphytes, 905 
Ciho-flagefJrttay 770 
Cilium of Moctilnca, 76('> note 
Cimex lecfniorius, eggs of, 1005 
(dnehona. raphides of, 690 
Ciiudidinm arcticiim, peristome of, 072 
Cineraria, pollen-grains of, 722 
Ciiieritious matter, 1052 
Circnlatinn in ascidians, 912, 915 

— of blood, 1054 

Circumambient chamber in Oi'hitulitc^. 

m 

Cirrhi of Cirrtpedia, 968 
Cirriprdia, 9(i7 
Cladorera, 961 
Cladocnccns l iminaJis, 851 
Clado?iia fnrrata, 650 
('ladophora glomerota, 571 ; cell division 
of, 569, 574 

Cladorhiza ini^ers,(i, 860 
Claparede and Lachinann, rm Ideher- 
kHehvia,'t^l\ on ‘rolling’ movement 
of Annvha, 744 

Clark I James), on Flagetiata, 7(!4 
Clastic rocks, 1075 
dathruVnia eJegans, 742 
Clausius on emission of light, 54 
ClnveUnidie, geiiiiiiatioii of, 911 ; stolons 
of, 914 

Ctnvieeps purpm'ra, 644 
Clnvieontia, anteiiiue of, 987 
Claws, 1029, 10:-53 
Clay, 1092 

Cleanliness, importtince of, 522 
Cl/aualh'i, stem of, 702 
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‘ClfNKl ’ Imndles, 710 
C/mtrrhnn, tvclosis in, 5si • • 
d giMimles ' in, r,si ; l.ijiar 
"0 >82; twrt zygospores in,' 
/■ygosjjf,rooi',5s4; fnnn of ee 
< ly-^tfoha, form nf, 656 
’Uotlies-motli,’ 999 
Clove-])ink, seed of. 72:; 

‘ CIiiImviossos.’ (ts 


swarming 
■y divi-iion 
584 not,-: 
‘11, 585 


( jijpeoster, spines )>f, 889 
Coal, ‘bitnmiiioiis,’ lusi 
Coal-[)!auts, Ills;; 

Coarse mlju.tment.] 59 : ‘ stepped ’ ra.-k- 
aorklnr, Jtii ; arnmgeineiKs for Am ii 
mg,' :152 


Cohaa, tesla nl seeds of, 725 
- unnnlens, pnllen-grains (d 721 
(’oertdin, 'i.rJ, ' ’ ” 

C<>eriiJiit](r, 749 
Ci).:cir}ii/,u orifnnne, ~:r> 

Coccoliths, (47-749; in elialk, I 11 H 4 , ip.ss 
Cofroiieidctr, clmraelers of, 614 
t'oceoneis, IlM 


(.'oecoiieina, fiil2, (ili; 

- ftinidiiim, 621 

Cwcns])heres, 747-749 ; in chalk, 1088 
Cockchafer, aiitemue of, 974. See Mclm 
I out ha 

‘ Cockle ' in wheat, 945 
Cockroach. Set’ Blntta 
(kreoa-siut, 725 
-- shell of, 69:1 
Cocos- wnnd, 704 
Coddingtnn lens, :-i7 
Cod hint, 060 

f 'odonella, silicious shell of, 776 
Coduniija iunbeltatti, fission of, 761; 

arborescent coloniis of, 765 
CiKLKSTKltA'rA, 862-8SB ; bibliograpliy <4, 
880; permanent gastriik- si age of, 7‘26 
— Bir ZiiOi'HvrKs 


Ca(o})l(tna, 880 

Cnniosiire, of liydroids, 867, 870 

Cfcnurnx, 944 

Colin, on sexual generation of 1 'of cor, 
555 ; on niovemenls in Oscillafnrio, 548 ; 
on reprodnetiou of Uplueroplea, 570 
Ci)lro(dncfarr«\ 575; zohspores of, 575; 

triehogyiie of, 575 
Colcorha to, 575 

Colcoplera, 976; denno-skelcton of, 974 ; 
scales nf, 975 ; elytra of, 981 ; eyes of 
98:3,987; aiitenme of,987,9S8 ; moutli- 
pai'ts of, 989 ; wings of, 999 ; leg of, 
1660 

CoJi'(n>, food of, 776 
Collar correction, BaS 
Collared cells of sponges, 850 
‘Collars’ of Flagelhitn, 761 
‘ Collateral ’ hunclles, 710 
Collection of microscopic objects, appara- 
tus for, 526-529 
CuUrmboht, 977 
CvUetonniia, 602 

Collins’s L-ondeuser witli rotating sub- 
stage, 886 

Colhnnia testa of seeds of, 7‘i5 
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COL 

Collotuta gmndifioru^ spiral fibres in 
seedg of, t}93 
Coiloaoa^ «52 
Colonial Acintfi'na, 

Colonies, in CodoHiqa, 704; of Radiola- 
riaiis, 849; of Polf/zua^Siii 
Columel of Spitagnamc, 674 
Coinatidn^ 900, 901 ; nerves of, 105‘i 
‘ Comb-bearers,' 881. See Cfenvjihora 
Commensalism, in lichens, 650 
Compensating eyc-pieces, 84, 273, 378 
Cvmpaaifd', latieiferous tissue of, 695 
Compound condenser, sub- stage, 184 

- niii'TOseope, construction of, 39 ; in- 
vention of, Govi on, 120 

Compression of light rays, 57 
Compressor, Rousselet’s, 346; Davis's, 
347; Beck’s, 347 
C<mipressormm, 346 
‘■Concentric' bundles, 710 
Conccptacles of Furaceic, (Yil ; oF Mar- 
chaiifid, 666 
CoHchifcm, shell of, 919 
Concretionary spheroids, 1100 
Condensers, 190, 298-316 

- Kellner eye-piece used as, 196 ; 
Gillctt’s, -204, 300; Hartsoeker’s, 298; 
Bcmanmis’s coinpmind, 2iJH, 299 ; 
Powell and Lealand’s, 1501, 302, 310; 
apochroinatic, 802; Swift’s, 302, 305; 
immersion, 308, 305; Watson's, 303, 
304; Beck’s, 304, 305; Zeiss’s, 305, 
308, 809; Baker’s, 306; Webster’s, 
308 ; Abbe’s, 308, 309 ; fittings for, 
312-314 ; ISwift’s, for use with polari- 
veo[)e, 314 

- tiital aperture of, :107 

- tabular list of, 315 

ac-hromalic, 800, 304, 305, 306, 811; 
Brewster on, 299 
chi'oinatic, 308, 309, 311 

- compound, i;34 

--- Cone of light with, 190 
('nnff‘fni, 557 

(\/nfcri'<t(Cd\ 569, 570 ; binary division 
of, 569 ; zoitspoies of, 570 ; resemblance 
of ^Tvhixircif to, 608 
('onfcrr(r, 945, 960 
Conical cpilbelium, 1044 
Coriids, of .lscow//rr/c,v, 643 ; of lia!:id'iu- 
647 

('i’niff r<c, 684 ; woody rolls of, 697 
Coniferous wood fossilised, 705, 1083 
Ci’iijufjfdir, afTmitics of, o49 
Conjugate foci, 13 ; focus, 24 ; image, 24 
CVnijugating cells, 540 
Conjugation, a sexual act, 537 
Conjugation of Mcsocarpns, 549; of 
HphfXjtjya^ 549; of Ulofhriv, 557 ; of 
Ifijdrodicfiian^ 565; of 
584 ; of diatoms, 599 ; of Plucusjtoreff’, 
627 ; of d/y;row_i/re/r.s, 634 ; of ArceUd, 
740; (zygosis) of GrvfpirltKC, 751; of 
HclcfOfuit((,Hif)-, of fcIramUxs, 761; 
of y^aytihica, 769; of OlcNuflhiitiin, 
770; of Poiloplinja^ 7H5; of 
782; of T'orf 782 


COS 

Connective tissue, 1019; fibrous, 1038; 

corpuscles of, 1039, 1040 ; areolar, 1040 
Contact inetamorphisin. 1077 
Continental correctional collar, 859 

— microacopes, objections to, 102 

- - model, 254-261 ; criticism on, 259 
Continuity of protoplasm, 538; in Flori- 

de(P, 630 

Contractile vacuole in Voh-Ox, 552 

— vesicle, ol • Actinophrijs, 737; of 
Micrug rain til, 737; of Atuiphn, 743; 
of Iitfusork/^ function of, 754 ; in 
FktgrUota,liM i of 7*aranieri7/j«, 776; 
of CiUtila^ 776 ; of Steiitor, 777; of 
Eotiftra, 789 

Convergence of light, 18 
Convergent light in petrology, 1070, 1078 
Conversion of relief in spectroscope, 92 
f.''fmi'o/rJ^fnmc,latiei[eroas tissue of, Oitt 
Gouvolvrdu^, ixjlien-grains, 721 

960; cIassiticatianof,965 iiofi 
Copeus cerbertin, 791 
CopT)eT sulphate, crystallisation of, 1096 
Coquilla-nut, 725 

— section of, 692 

Coralline crag, niicroscoi>ic constituents 
of, 1089 
Corallines, 960 

-- eonceptacles of, 632; ostiole of, 632 

— (sertulai’ids), 870 

Corals, section of hard and soft parts, 
510 

— red, 877 ; stony, 878 ; mushroom, 878 

CoreJUi branchial sac 

of, 912 

Corropfiis fiuctoria, seeds of, 724 
Cork, 7 O 8 

Corky layer of bark, 708 
Cormophytie type, tl68 
Cormorant, parasite of, 1010 
Corneules of arthropod eyes, 983 
Corn-graina, husk of, 725 
801, 803 

‘ Corpuscle ’ of gyumospenns, 685 
Corpuscles, white, 1037; change of form 
of, ll);38 ; of connective tissue, 10:V,i, 
1041; of blood, flow of, 1056 
Corrected lenses, 382 
Correction collar, 21, 30,50,274; Euglisb, 
357 ; Contiaeulal, 359 
Corroded crystals, 1071 
Corrosive sublimate, as a fixative, 484 
Corijnactis AlJma»ui, thread-cell of, 879 
Cdsrinodiscea-, characters of, 698 
C(m-iuv(H(sc>(n, 5Sh, 620 
- cyclosis in, 587 ; frustules of, 589, 590 ; 
markings on frustule of, 591 ; areola' 
of, 591 

— - (istrrvmpJuiJuH, .591 ; for testing lenses, 

389 

— ondiis Iridis^ (>09 

— fossil, with einbryonul 
form, 598 

Cuaxuiritiiu, division of, 582; form of 
cell, 585 

- • ' hatnjtifit zygospore of, 584 
Cosmic dust, 109:3 
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Costsfe of CampijladhrMH^ (JUT 
Cotyloflonfj, 685 
Cover-glass, 439 

— consequence ot using, 19 ; us ^ctiinn 

lifter, 478 

'—tester, 440; Zeiss's, 440; Russ's, 440 1 
Smith's («!• C'oevi), 441 
-varving tliickucsscs of, 431); wuk 
achroinatie objectives, 439; cleaning 
them, 442 ' 

Cox D.\on structure of frustiile in 
isZ/fwirt, 51)0 >K'fe 

Crab, 957; mekmoriibosis, 0(59; blood- 
corpuscles of, 1938 ; ‘ liver ' of, 1947 
Cr<(frico, leg of, 974 
Craue-tty. See Tipnla 

Cnttcyiiiin yip-ifunn'’, 1999 

Crayfisli, 957 ; young of, 9('>9 
Creation of structure by diapbragius, 6s 
C/'ff/r/7ho/ 996 
Cricket, gizzard of, 993 ; wings of, 91)9 ; 
sound- producing appai'atiis, 999, See 

Cnnoideet, skeleton of, 892; larva of, 

M98 

C)7si(r,999 

Crisp (F.', on ‘aperture,’ 44; on radiii- 
tion, 57; on collection of microscopes, 

117 ’ 

( 909 
('f'istcllariu, shell of, 798, 819 
Critical angle, (i, 7; image, 30, 299; 
images, 287; mode of obtaining, 409, 
41fl“ 

Crocus^ pollen-grains of, 722_ 

Crouch’s adapter for parabolic spccuhini, 
;5;13 

‘ Crow silk,' 569 

Crown glass, refractive index of, -C com- 
position of, 32 

('rusta petrosa of teeth, 1025, 1026 
Cki stacea, 

• liirViC of, collecting, 529 
Cia'STAC'KA, suctorial, ii65 

collecting, 979; presiTvmg,971; com- 
pound eyes of, 982 ; jngment-ccUs ot, 
1043 ; ‘ liver ' of, 1047 ; concrctionarj , 
splicroids in shells of, 1100 
CKYI'TonAMlA, 530-683 

- preparation of, 514; structm-e nf 
535 ; reproduction of, 535-549 ; liteva- 
lure, 683; passage to PnANv;mw,.\MlA, 
684 and nofe 
Cnilffoi'oiihldctr, 599 
('ryt,tfllline forms, list of, f'n> micivscopc, 
if)fl9 , , . 

Crvstallisation, microscopic exannnaUon 
of, 1095-1098 

■ effect of temperature on, 
preservation of specimens of, 1098 

Crystallisation, process of, 1096 
Crystallites, 1072, 1006 

■ in glass cavities, 1074 

Crystalloids, 1096 , 

Crystals, corrtxled, 1071: ni lava, 1 ( . 
zonal markings in, 107o; cawtiC' m, 
1073; inclusions ill, 107 4, 10(o; micro- 


sc'ipit al slractnre of, 1975 : nptinl ino- 
[N'llit's ami clieiniciil cnnstituii.'ii. 
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inicfoscdpie nlijfri',, 

1095: as ubjccl-; I'm- 

potiirjsL'Dpe, 1007 

Cl'vstaU, tljelr 1 10 inogc neons stna-liin', 
iolli 

- • - types of structure 1094 
■ - ojilical piTiiiertics, 1.094 

- ■ - vaiiiilions 111 symmetry, 1091 
('fi ii'i I'i'i t trui'jiliuni, 877 iiolf 
Clcnoid scales. 1028 

ficH'iphont, 877. 881, 88:1; excretory 
pores of, SH2 itiiic 
Ci<‘)ifidum(i{n, cliarai'ters of, 909 
Ciir/irhilimur, [lollen-graiiis of, 721 
(.'utfs micrometer, 142; microscope, 142 

C«hf/d, /■, iUitennte ol.Oss; larva-, hb'od 

of, mil’ 

i'ltrc/ilii), iinham.e of, 9ss 
-■ scales of. 975 ; elylra "[, 

98 ] 

C/nvTf?io//id(/',98l; font of.liUH); ^.uckers 
on foot of, 11102 

Currant, pareuehyme of fruit, (Wo; pollen- 
tubes of, 723 

Curvature of the field, itss ^ 

‘ Cnshion-star,’ 891. See (/tmm.sh-/' 

Cutiele, 1041, 1042 
- of leaves, 713; of Cilidiii, 773 
C 11 tin, 713 
Cntis vera, 1051 
{'ittlrrid, ccmjiigattoii of, 627 
CufUe.-fish,929,942. See .SVp(7( _ _ 

‘ sepiostaire ’ of, stnietnre, 929; nm- 
tated, 1102 

‘ Cuttle-fish hone,’ struetnre of, 929 
CtjdiKeu cdiiiKtiitU ephync of, 8,J^«r5, 
scyphistoina of, 07-> ; strobila, 87 ) 
C/jufiflnt^ miiii'i-. seed of, 724 
C’vatholiths. 748, 749; artificially j ro- 
‘ducofl, 1101 
Cf/rfHfi'ff , 6-84 
(.';/(v(.s, rapbides of, 69('> 

Car/fnam/im i «'e'f7fo/((,Hl(), 818 

Cyclical mexle d growth m shell of 
Fordmiinfvrt. 798 

r,/rforfiyj>e«!i,S29; shell oh 798 

eompiu'ed with (UiU'Jdn, 801, 8.- 
Cveloid scales. Iti28 

qudilyieordh, 961: number of off- 
^nrlug of, 964 _ ^ 

fvdosis 5:>t;in Chira, aii*: m des- 
m ds ’.781; in DmhmnW ; m 
Pbauerrigam cells, 688; m plant ban:., 

nmu ii,Jne/aTA-m7mm,7:l2;m.lrme- 

('^'■Domrihr ^I'^wcter^ of, 

'909 . 

rmfippe, colleetmg, o-l 
-oilrus, 882 
CiimfidUi, 602 _ 

C> , 610 

c;/m/m/e^ovipos.Uwof,m» 

(’ifpnen, shell of, 9>S 
Cppl'i*, 960 
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Cyst, of Proiocoi-eits, 344,651 ; of Proto- 
mi/xdf 72S; of Clathmlhiaf 742; of 
gregarines, 751 ; of DalUntjeria, 759 ; 
of Fohffomaf 7ti0 

Cystic Eiiiosoa, relation to cestoids, 944 
('tjstirercudy relation to cestoids, 944 
Cystids of Hijmmomtjr.rtrH, 648 
Cystocarp of Flon<ieie, 6:12 ; of Hafrn- 
i'hvftpcrmtt n> , 574 
Ci/stopiiS candiiJaif, G40 
C]/fherv, 960, 961 

Cjfthfriua, sliells of, in chalk, 1087 
Cytodes, contrasted with plastid, 727 
Cytoplasm, 587 


1 ) 

Dallinger and Dry sd ale's moist stage, 
841 ; tripod, 402 ; on life-history of 
monads, 756-766 ; on effects of teinpe- | 
ratnve on momids, 761 
Dallinger (W, H.), on Xaiicuht^ ct’c., as 
test objects, 600 itoir ; on jinclcus of 
monads, 762 

DalUnger’s thermo-static stage, 644-346 
l)aUi}i(/(’ri(i life-history and 

structure of, 758 ; nucleus of, 762 
Dalyell (J. G.), on Hi/dra ftiini, 874 
Voiiurus gcificulati(.ij proventriculus of, 
1011 

Dammar, as a preservative niedinm, 518 ; 

as a mounting inediuiii, 521 
Dandelion, laticiferous tissue of, 695 ; 
pollen-grains of, 721 

Dophnia, eye of, 960; eggs of, 961; 

ephipplal eggs of, 964 
Dap}ini<( ptdvx, 962 
Darw'in (Charles', on Cirripe(Ua,\)id 
Datum, seeds of, 724 
Davis, on desiccation of liiftifrra, 791 
note 

Dawson (W.), on foram ini feral nature of 
Eozoon, 837 

‘Day-tly.' See Ephrincra. 

* Dead-man's toes,' 87i>. See -lfc'//on/////f 
Dean's nredimn for mounting insects, 
973 

De Dary, on fungi, (tc., 634 mifr ; on 
potato-disease, 640; on alternation of 
generations in ferns, 680 
Decalcification, 512 ; of echinoderms, 
512; of bones, 512 ; of teeth, 512; of 
I'\innui)n/cm, 513 ; of Dozouit, 513 
Decapjodu, 957; exoskeleton of, 968; 

uiaci-urous, 969 ; bnichyuious, 909 
Decomposition, produced hv BurirrUt, 
661 

— of rock-masses, 1076 
Defining power, 425 ; tests for, 426 
Definition of image, 382 
Degeneration in Tani<uita, 911 
Dehydration, 487 
Dellebarre’s microscope, 144 
IMphiniuni, seeds of, 724 
DrmodeXf legs of, 1010 

— foUkuhnan/lOli 


DTA. 

De Monconys, his compound microscope, 
128 

Dendritina, a varietal form of PencroplU, 
803 

Dfindrodiis, teeth of, 1091 
Dendrosoina, 784 
Dentine, 1019, 1023-1026 

— resell iblaucft of cuticle of crabs tn, 
969 ; in placoid scales, 1028 

Depnria, indusimn of, 675 

— prof if era, 676 

Depth of focus, 83, 89 ; of vision, 88, 89, 
90 ; perception of, 94, 95 
Dermal skeleton of Vrrtrbmta, 1026 
Dermaleichi, 1008, 1014 
Derniamjssns, 1012 

— larva of, 1009 
JJcr»H'stt‘H, liait of larva, 980 
Descartes’ simple microscope with rcflec- 

bion, 126 

Desiccation of rotifers, 791 
Desiderata in a microscope, 261-263 
Dcsilicificaiion, 513 

Desm/diacK-i:, 549, 579-587 ; couuectioii 
with Pcdiantrea', 566; sutural line of. 
580 ; cellulose envelope, 580 ; mucila- 
ginous sheath, 580 ; primordial utricle, 
580; endocliroire, 580; movements of, 
580 ; cyclosis in, 581 ; binary division nf, 
582; sexual reproduction, 584; classi- 
ficatioii of, 585; habitat of, 586; mode 
of collecting, 586 

— HiintKSch’s glycerin method of pre- 
serving, 526 

Orfnfiidirtf, 945 

conjugation of, 584 ; zygospore of, 5^.1 
2}('S))iidiani, binary division, 582; fila- 
ments of, 583 

Desinids. See Dvsmidiacrcr 
Deutovium of .4o«rina, 1008 
Driitzia scohrn, stellate hairs of, 7M ; 
epidenn of, 715 

Development of /f 7 f/ ra, H66, 867 ; of hv- 
droids, 868 ; of embi-yo in Gnstropml t. 
919; of molluscs, 933; of 
949; of Toiiiopivrin, 953; of insect-. 
1007 

Deviation, 9 
‘ Diamond Deetle,’ 975 
Dianthufi, seed of, 723 

- rarjjophi/if(CH>i, paronehyme of, 688 
Diaphragm, 261, 297, 306, 30H, 310, ;-!12, 

313,314 

- with two oytenings for double illumina- 
tion, 104 

Zeiss's iris, 297 ; calotte, 297 ; in eye- 
pieces, 876-379, 3K1; for use in test- 
ing object-glasses, 385, 386 
in Tiilly's microscope, 149 
Diatooia, 588; frustules of, 588,605 
• chains of, 605 

DlATOMAi EE, 549, 587-625 

— perforated membrane id, examined 
with aniiukr ill iimi nation, 419; mode 
of examination of, 419 ; inounling, 4M : 
silioious coat, refracldve index of, 521 ; 
stipes of, 588 ; hcivdod apipcarance, 592 ; 
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ntavkiiigs of, 5!)3 ; binary di vision 
of, 1194-597 ; reproduction of, 5!)4-r,ni ■ 
jiliieochroinatie, 59S; coccochrouuuie’ 
conjugation of, 509; xygoeporos 
of, 500; gonids of, 509; luovements of, 
tun ; classification of, t)02 ; habits of' 
010; habitats of, 6'20 ; distribution nt! 
021 ; fossil forms of, 022 ; used as 
food, 632 ; collecting, 632 ; cleaning, 
623, 624 note ; mounting, (124 ; as fwnl 
of ClUufu, 775 ; in mud of I/evain 
1085 

Diafcom-frustules in ooze, Kihg 
D iatomin, 587 

Diatoms in stomach of ascidians, ifo/o- 
tJiUritc, &c., 614, 633 
Diatoms. See Di\tomac'e,i; 

Dichi'oism, 1098. See Pi.t-ocKKoisM 
DIrkiea, 002 

Dicotyledonous stems, fossilised, 108 3 
Dk:otvledoxs, 700 ; stem of medullary 
rays of, 702 ; epidei'm of, 712 
Dicti/ocdhjx jjiniiifTiiK, 861 
Dictjjoclujti Jibida, 620 
Dirttjoajata, silicioas shell of, 773 
Dictifoloma peraeiaua, winged seed, 
724 

Dicitjoai^ijris chdhnns, 847 
Dieti/uh/., olispheres of, 627 
Dldemnians, 914 

DUhjmiam serpuht, plasmode of, 6.35 
Differential screw, Campbell's tine ad- 
justment, 162, 164, 165, 174 , 202, 230 
Differential staiiiing, 49:3 
Differentiation of cell, 53:;> 

Dlj^iiijio, 746; test of, 716 
Diffraction, 63 

- Abbe’s tlieory of, and hoiuogeueniis 
immersion, 363 

^ Fraunhofer's law, 57 

- rays are ijinige-formiiig, 59 

- spectra, 28, 67: piienomeint, 62, 64; 
image, 64, 73; experiments, 66-70 : fan 
of isolated corpuscles, 73 ; problem. 73 ; 
pencil, 74, 75 ; hypothe?'is of Abbe, 74 ; 
fail, 75 ; theory, applloiition of, 7t', 78 ; 
bands, 377 ; phenomena, .Abbe's experi- 
ments, 134 ; ghost, 43.5 

Digestive vesicles of (dliota, 776 
Digitalis, seeds of, 724 
Dimorphism in Fononinift ra, 803 
Diuohrijou, 765 
Dinofiagi'Uatu, 770 
Diitoinasiitjophurn, 77(1 note 
Dioptric investigations by Gauss, 106- 
110 

Dioptrical image, 30, 73 
Diorite, fluid inclusions in, loT4 
Dipping tubes, 350 

Dipfern, 973 ; eyes of, 987; aiitciune of, 
988 ; moiitli-parts of, 990 ; wings of, 
998; oviiHtsitnrof, 1003 ; imiiginal discs 
of, 1007 

Direct division of nucleus, 538 
‘ Directive vesiedes' of egg of ib'/yono, 
937 

Digc holder, Beck's, 839 


8(11 

llis’ -d.iua^ S 24 

79s 

iJiMiitcm-atioii r,f rcek-inasscs, 1076 
IT; in glass, 31 
dc:,ici.atiijii of encysted 

Lbsperdve |«,vvcr, -J, n ; of flint gla^>, 

I)isr,eeiiiig i(p]iar:itus, .155 
- niii rt..c,.],e, Creenongli’s binociibir, 
'248: Hcphcison's bnuvular, 24s; 
Huxleys, 2:,1; 

bansch and I,., mb’s, 2 ,vi ’ 
Distaneeid pnijcciinii ofiinimc •>(! ■>; 
Distinct visi.ai, -id “ 

Disit/iiia, lifc-bisi ,1-y of, 916 
- 91.5 ’ 

Divergence fjf’ligiit, is 
Diviiu's cimi^xiiiiiii microsoepe, I 29 
Divisiun,l.iiuir\.of ccDs,.!;;.-, ; „f acsinids 
,5S2 


■ - anificlal, of .lc/;,„;.s-jid/(/'/-;-o/(, 74 i 

■ • of Ucvicids, 955 
Dobie's line, 1019 
Dog-fish, scales of, l(i2.H 
D’Orliigiiy, on ]>lan of growth of ihirn- 

iiiinifrra, 79!) 

Daris, spicules in inantle, 92.8,929; iiiihi 
nientum of. !M4 ; eggs of, !I42; spines 
of, imitated, llol 

— development of, 9:-15- 

937 


— piUmf palate of, 9:tl 

— inlirn-uhita, jndateof, 9:)1 

Double ilhiniiualion, Stephenson’s ine- 
tbod, 105 

Doubled, Wollaston’s. :4ti, 1.53 
Di'iiginata, of sponges, 860 
Diagon-fiies, nings of, 99.8 
Dragon fly, facets in eyes of, 9.83 

— .See Libel 1 1! til 


DriijifiriuiJdin r/Zonicm/n, .574 
Draw-tube of microscope, 157 
Diebbcrs moditiratioii of Kcplerian 
telescope, 121 
Dredge, 528 

Dirpatiifliinii nnuinun^ 752 
Dronc-fly. See Krisfnlis. 


Dropping-bottle, 476 ; German, 477; ex- 
pansion, 47V 

Di'oxnv, glands of, 714; seeds of, 724 
Dry-nioniiting, Smith's ‘ cells ’ for, 446 
Ducts of riianerogains, 698 

fertilisation in, 632; ferti- 
lising tubes, 6:32 
Dujardin. on ' sarcodc,' 530 ih.ite 
— separates Aiincba from Jiifiiscrbi, 


Dunning’s zoripbyte trough, 348 
Duramen, 704 

Dwarf-male of (EiJogoiiinin, 572 
Di/tiH-iix, eye of, 987 ; antoniic of, 988 ; 
's]uracle of, 996; trachea of, 996; foot 
of. 1001, 1002 
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EAR 

E 


EurLli-stresses, 1077 

Earwig. See , 

Ercri'inoftirpHs HC(ib(u-, winged seeds of, 
724 

Ecliinoderra larvfo, collecting, 900; 
preparing, 900 ; mounting, 900 

— gkeletoiis in mud of Levant, 1005 

Echin’OOKKMata, larva? of, collecting, 

— 884-908 ; skeleton of, 884, 891, 892, 
894; spines of, 885-889,891; pedi- 
cellaria? of, 889 ; teeth in, 890, 892 ; 
preparation of skeleton spines, ifcc., 
892 ; intenial skeleton, 894 ; larvc© of, 


Ecliinoderins, decalc ifi cation of, i>12 
Erhhtoidca, skeleton of, 884 ; spines of, 
885 ; pedicellari* of, 889 ; larva of, 
898; direct development in, 900 note 
Echiiionietra, spine of, S8(i, 892; colour 
of spines, 888 . 

Erhinu^, shell of, 88,5, 886; spines of, 
885 ; teeth of, 890 
— liridua, coloured spines of, 887 
Ectocaqiace(Pf^''i^^ 

Eci(fcarinin alfiruloaiis, conjugation of, 
627 


Ectoderm I 720 
Ectoplasm, 5o5 
Ectoprocia, 909 

Ectosarc, 584; in Rhi-opoda, 
experiments on, 748; of Ciliain, 
Edentata, cement in teeth of, 1026 
Edible crab, mctamoriihosis of, il70 
Edwards ( A. 51.), on supposed ‘ si 


788; 


varm- 


spores’ of Amoeba, 744 
Eel, scales of, 1027 

without shell; concretionary splie- 
rmds in, HOO 

Egg-capsule, of Cifclop^i, 961 
Egg-sacs of Lenuea, 966 
E<^i'-shell membrane, 1088 
Eggs of Sepivta, Doris, 942 ; of Aranna, 
'lOO-l ; of insects, 1005 
Ehrenberg, on eve-spot in Fwtococrit\ 
543; on 1 o/rox, .5.51 ; on structure of 
frnstules, 590; on rapidity oj__repro- 
ducticn of Paranirrintii, (ii\ on 
internal casts of Foranunijet'a, 

Kote] on fo.ssil Rudiolaria, 854 note ^ 
EJa'iiguus, raphide.s in pith of, 69(; ; 
peltate scales of, 714 

Elastic ligaineiitof bivalves, structure of, 


1040 

Elntcr, anteuiiie of, 988 _ 

Elaters of Marchantia, ()68 ; of Equi- 


m’taecef, 680 
Ehdinr, seeds of. 724 
Elder, pith of, <187 
Ellis's aiiuatic inleroscope, 147 
Elm, raphides of, il96 _ 

Etodea cnnadr.iisis, cyclosis in, 689 
Elytra of Coteoptcra, 981, 999 
Embn'O of Phanerogams, 726 
- cell of fern, development of, 679 


Embryo-sac, 685 

— of ovule in Phanerogams, .534 ; free- 
cell formation in, 536 

Emission of light, power of, 51, 54 ; 
unequal, 52 

Emitted light, unequal intensity of, .51 
Enqmna ninsriP, 642 
Enamel of teeth, 1025 

— of teeth of Belli i> us, 891 

— on ganoid scales, 1028 
Eueephalartos, raphides of, (hk! 

Encrinltrs, 892 
End-bulbs, 1053 

Endochi'oine, .5.83; of Pali>io(/la‘(i, 541 ; 
of Spirogpra , 550; of V<di'ox, -ml, 
552, 551 ; of desinids, 580 
Endoderm, 726 _■ 

Endogenous spores of Murorini, 640 
stems, 700-712 

Eiiflogens, spiral vessels of, 698 
Kudonema, 602 
Eudophloeuin, 708 
Endoplasm, 533 

Eiidosarc, .533; in Rhizoptuin, <33; Of 
CiJiata, 773 
Endosperm, 68.5 

Endosporcs of mosses, 672 ; in ferns, 6 / 1 ; 
of Volro.r, .556; of Htjme.iioniiprt-s, 
648 

Endosporous Barterla, 655 
Knock’s mctallii; ring for mounting, 4 n 2 
Eiitomophilous flowers, 722 
Eniomophthoreu', 642 
EntomoHfraeu, 957 , 9.50-965; desic<Mi- 
tion of, 963 ; agamic reproduction of, 
963; eggs of, 964; development of, 
96.5; eye of, 982; non sexual repro- 
duction, 1006 
— collecting, .529 

— Rot if era upon, 'i SI 
Eiitoniostracirn eggs iis food of D/liuta, 

775 

Enfoproeta, 909 
E)ttosphterida., 8.50 
Entozoa, 943 

Eolis, nidamentum of, 934 
Eozoiin, 837 ; mounting, 4.81 ; mode ot 
growth of, compared with that of 
Pohjtrcma, 824; canal system to;n- 
pavedwith Calearltm, H2.5 ; aitinHus 
of, 838; iukrmcdiate skideton. ; 
niimmuline layer, 839 ; internal Cii.-t 
of, 840 ; asbestifonn layer, H41 ; pseii- 
' dopcKlia of, 841 ; young of, 8)2 

— euna dense, SSI 

— decalc if! cation, 513 

Epeira, foot of, 1015; silk threads oi, 
161.5 

j branchiiV of larva, 997 

• rg'ii(c/fc7, larva of, 973; circulation 
I of blood lit larva of, 994 
• Ephippial eggs of Rotifera, 790 

Eplivni' of f'/yoKi/'a, .875 ; of i. hrtjsaoi'i, 

\ 876 

Epiblast, 72() nofe 
Epiderm of leaves. 712 
Epidermic apnendages, 1029 
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Epidermis, 1041, 104*1; niuthfKl of fx- 
ftmiuiiig, lOiJl 
Epidote, 1070 

Kpilohum^ emission of pollen-lu'bes, 7’12 
Epipactis, pollen-tubes of, TlO 
EpipWujutn, 708 
Epispore of MiU'Oi'i lii , 042 
Epistome of Poli/zoa^ 000; of Ariinu- 
frochUf 050 

EimtiiHs, collecting, 527 
Epithelium, 1043, 1044 
EpitlieniMi conjugation of, 500; zygo- 
spores of, 599 

— htrgu^(f ) 004 

Equieoncave lens, 22 
Kquilucent zones of light, ;h)H 
K<]uisclace(fi, 680; in coal, 1084 
Kquiwtitm,' spores and elatevs of, tl8l ; 

e pi derm of, 715 ; silex in, 715 
Equitaut leaves of Im, itc., 717 
Erecting binocular, Stephenson’s, 100 

— prism, Stephenson's, 101 
Ergot, 644 

En'ca, seeds of, 724 

Eristalis, eye of, 987 ; antemne of, 9S8 

Error of centring, 389 

Enjthro 2 )sis eye-spot of, 775 

Enchara, calcareous polyzoanes of, 0i)9 ; 

extension of perivisceral cavity, 027 
Ether as a solvent, 517 
Ether-freezing microtome, Hayes’s, 472 ; 
Cathcart's, 474 

Eihuwnphierasiphonophoni, 850, 851 
Encdlijptra indgariH, 009 
I'Aifopi’poflci^ 905 
Eueprtidium drgana^ 847, 852 
— Mongol 847 
— tnhalns^ 817 

Ewlorbta, sexual process of, -557 
Eugh-nn, 545, 765 

Eughfpha alveolaia, rci>ro(Iuoliou of, 
746 

Euler’s microscope, 148 

Euler on acliromatic microscopes, 1 17 

Ennotia, 604 

Eftnoficce, characters of, 004 
Eiqihorbuicco', laticiferous tissue of, 605 
Eupkmiut, micropyle of, 723 
EupUct^ll^ aajx’i'gillniii, 800 noh' 
Kupodifier^f^ characters of, (il2 
Knyoiiitin repnis^ 643 
Evening primrose, emission of [lollcii- 
tiibes, 722 

‘ Exclamation markings ' on scales, 1)78 
Excretory organ of Eoii/oro, 7«9, 790 
Exuer on the image in eye of 
Ln»ij)iyn«, 984 
Exogenous stems, 700 

— stem, structure of, 708 

- - and endogeaoasstemscontrasU'd,7i)9, 

710 ' 

Exogeiis, fibro-vascnlar Imudlos, lyi, 
698 ; medullary sheath of, 098 ; spiral 
vessels in, 098 

Exoskeleton of decapods, 968 
Ivxospnres of mosses, 672 ; of ferns, In i ; 
of hgnifiiomijcdcf, 648 


I' HR 

I'''.x!iii( tio)i, straight, 1071) 

— - iUiglcj iiicasimoiu-iit of, ll>7n 

hxiim- of pollcii-gi-iiit,; 72tl; nv-is,- . 

on, 720 ■ 

Hyr, iU-(-())i)vn(Klati,,u of,s,s 
■"f E<-/oo 1 ). 40 ; of OMVunr. ••HE 
f-f >lug, Dil; of sii,iil,«)4l:oj- aviliv- 
_ t“'(l, rvlvucturodf, ilMi 

f^eiDpinind niicrusc.iiic, tio. 

Eye lens, :i7r, 

E\i‘-]>ii.ici‘, Ahhe's ctniiji()i«i. 

tioii,4i>, ;178; Hnyghi'iiiiin, 40 ; ’ Ki li- 
ner s, 12, itTO: Kainsth'ii's, 4;’., :i7.s; 
Caiii)uni's,;iTii; Huygln‘tis',;,;7(; Nrl- 
son’s iii'W Huyglicniaii, :’77; IValsini's 
Holoscopic. :!7!) 

- iMnOfUlar, Tolies’, 101 ; Abbe’s. lll2 

- Kidlner’s. as coiidensi'T, lllll 
micronifler,271-277. ;;8il;orlli.w, .pie, 
376; pvojcciiciii, 3«ii, ;m ; iiidev,;:M ; 
pointer in, :i.si ; diiqihragnis in,:M 

— stereuscople, Abbe's. 1()2 
Eye-pieces, elassificatlun of, bv-XIhe, i ; 
corn pen sating, 34, 35, 37is; lugativ-'. 
376,377; positive, 677; solid, 37.s; 
seiU'cher, working, prujeetion, :;7'< 

Eyes on Chifun shells, 1141 

- e()in[)oiiiid, of insects, 982, 9s3 

- eoinpound, 982-987 ; siinjde, 9^2. 9'^6 : 
preparing, 986 ; mounting, 9Mi 


E 

Faher, inventor of the name iiiicvns. t.pe 
124, 125 

Falcifonn young of Cocridid, 752 
False images, 419 

Farrants's medium, 478, 520 ; for tnoiutl- 
iiig insects, 973 

Farre 'A,), on strucliiie of n, ims 

«ofe 

Farrrlht, polyzoaries of, 909 
Fat, 1045 

Fat-cells, 1(118, 1040, 1042, 1045; eapi.- 
lary network around, 1062 
T'ats, solvents for, 517 
Feathers, 1029, 1032 
'Feather- star, '900. hee.lu/edtm 
Feeditig, mode' of, in Aciinuplii;/-\T'>'. 
ill sponges, 856 

Feet nf insects, 1060-1002; of siaders, 
1011 

Felspar, decoini.»o>ltinn of, 1076, 1077 
Fels])ar rock, effect of dynamic me' i- 
morphism on, 1077 
Felspars, zonal structure in, 11)7-3 
‘ Female ' plants of Eohlffirhinn. 671 ^ _ 
FernieiUatioii of alcohol by yeas^,, 616; 
by PoH'e/ffiina, -Uucor, .Ve,, 6l7 

putrefactive, 661 _ 

Fermentative action of Epugi, 53l 

Ferns ist^e 674 : in coiil, 1681 

Fertilisation of Phanerogams, 722 
EcrtilisotioJi-tubes of Feraimpto-'^, 
Fertilising tube of Diidn-andijx, 632 
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Festuca prate tiisis, palese of, 7ir> 

Fibres a»<5 oells of Vertebrates, 101 S, 
1019 

Fibro -cartilage, 1019, 1040 
Fibro- vascular bundles, 097, 708, 710 
of ferns, 074 ; in the ‘ veins ’ of leaves, 
097 ; of Exogens, 697, 098 ; of Phane- 
rogams, 700 

Fibrous tissues of Vertebrates, 1019 
' ' tissue, 1058; white, 1059, 1040 ; yellow, 
1040 

Field of eye-[jicces, S79 
Field -glass, 40 

Field-lens, 576; applied to eye-leiis by 
de Monconvs, 128, 576 ; by Hooke, 128, 
576 

Filices, 674-680; stein, structure of, 
674 ; fructification C)f,6Tr> ; protlialliuiu 
of, 677 ; antherids of, 677 ; archegones 
of, 677 ; development of, 679 ; apospory 
in, 6>S0 ; apogamy in, 680 ; alternation 
of generations in, 680 
‘ Piliferous capsules.’ See Thread- cells 
Finder, 295 ; Malt wood's, 296 
Fine jidjustinent, 162-175 

— — applied to the stage by Powell, 
155 ; by moving the whole body, 162 ; 
by simply moving the nose-piece, 162, 
175; continental, 162- 164; Campljcll's 
differential screw, 164; Zeiss's, 166; 
Reichert's, 171; Watson’s lever, 172; 
Swift’s vertical side-lever, 175 ; 
Powell’s, 174 

Fire-fly, antemne of, 987 
‘ Fire-fly,’ 984, 988. See La 
Fish, circulation in tail of, 1057 ; on 
yolk-sac, 1057 
‘ Fish-louse,’ 966 
Fish-scales, concretions in, llOl 
Fishes, lacunie in bone of, 1022 ; dentine 
of, 1025 ; cement of teeth in, 1026 ; 
])lates in skin of, 1026 ; red blood- 
corpusclcs of, lo:ll, 1055; pigment- 
cells of, 1043; muscle fibre of, 1049; 
gills of, 1065 

Fission in LieherJoieJinia, 733; of 
Mouan, 756; of Mottoauja, 764; of 
C(Kfos(< 7 «, 764; of planarians, 947 
FmipenneSy wings of, 999 
Fixation, 484-487 

Fixing agents; alcohol, 484; corrosive 
sublimate, 484 ; osiuic acid, 485 ; picric 
ivcid, 485 

Flabella of Liemophoru, 605 
Flagella, 553; of Bacteria, 652, 658, 659 
Ft a (/et lata, 755-771 

— - experiments on, 761 ; nucleus in, 762 ; 

karyokinesis in, 763; colonial forms, 
764 

— collared, resembling cells of sponges, 
855 

Flagellate chambers of sponges, 856, 
857 

Flagellum of Xocfilara, 766 note 
Flat bottle for collecting, 527 
Flatness of field, 425 
Flea, presumed auditory organ of, 422 ; 


FOB 

i liairs on pygidium of, as a test, 421 
! mounting medium for, 973 
I ‘ Flesh,’ 1048 
; Flint, derivation of, 622 

- glass, refractive index of, 5 ; disper- 
sive power of, 10 ; composition of, 82 

— implements found with Orhitolincr, 
824 

Flints, preparation of, 1089 
: Floral envelope,*718 

63(Mi32 ; affinities of, 630 
FloHralariafhe, 791 
: Floscules in coufinemeiit, 523 
' ‘ Flowering fern,’ sporanges of, 676 
i ‘ Flowering plants,’ 684. See Phaxeuo- 
ftAMT.V 

Flowers, 718-723 ; Inman's method of 
prepaiation, 719 
’Flowers of tan,' 634 
Fluid inclusions in crystals, 1074 
‘ Fluke,’ 945 

Fluorite lenses for apochromatic objec- 
tive, 35, 366 

Fillet nt, mode of growth in, 904; gem- 
mation in, 906 ; number of polypides, 
908; polyzoaries of, 909; extensions of 
perivisceral cavity in, 927 
Flaxtrella nniceuirira, 817 
Fly, various instructive organs to Vje ob- 
tained from, 972; eye of, facets in, 
983 ; proboscis of, 989 ; circulation in 
wing of, 994 ; spiracle of, 996 ; areohe 
on wrings of, 998 ; font of, 1000 
Focal alteration and form of objects, 421 

— de])tli, 38 

— distances, by feeling, 177 

j - length of a plano-convex lens, 15 
Focke on Xarieiila and Snrireila, 602 
' note 

■ Focus, virtual conjugate, 14, 25; princi- 

pal, 16 ; mean, 17; virtual, 22; conju- 
gate, 24 ; depth of, 83, 89 
! — of lenses, 13, 21, 22 ; chromatic, 16 
; Focussing arrangements, 159-175 
! Fo)t tinalis ant ipp ret ira, 671 
I Food of Hijilra, 685 
Foranufii/cra, 733, 795-846 
; - - study of, by means of Beck’s disc- 
1 holder, 339; examination of, 425; 
' wmoden slides for mounting, 150; 
method for scctionisiug, 508 nute\ do- 
calcification of, 513 ; structure of, 795 ; 
chamberlets in, 798, 803, 804, 806; 

■ cyclical mode of growth in, 798 ; plans 
of growth, 798, 804 ; porcellanons 
shells, 799 ; vitreous shells, 799; tnbu- 
lation of shell in, 799, 800; rotaline 
type, 860; numrauline type, 800; in- 
termediate skeleton of, 801 ; canal sys- 
tem of, 801; Foreellanea, 801; fos- 
silised forms of, 801, 804, 812, 824, 837; 
dimorjdiism in, 802 ; secondary septa 
in, 803; Areiiaeca, 810; sandy iso- 
moridis, 814; uodosarine type, 815; 
l'(7rr«, 819; internal casts, 825, 827 

i ituii", nummuUue series, 826; alar 
prolongations, 830, 831 ; inlerseptal 
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canals, 830 ; marginal cord in, 330, 834 ; < 

collecting, 843 ; method of separating f 
from sand j&c., 844; mounting, 845; y-t. 
tubuli of, compared with those of deii- Fn 
tine 1020; in mud of Levant, 1085; Ft 
in rocks, 1085 ; internal casts of, 1000 Vt 

Forbes, on reproduction of -- 

870 ; 

Forceps, 351 1'' 

— slide, 453 

— stage, 330 I ' 

Frirficula, antennae of, i)88 - 

Forficulidce, wings of, 900 

Form of objects and focal alteration, 

Formation of microscopic images, 43 t 

‘Formed material,’ 1018; of fibrous F 
tissue, 1019 ; of dentine, 1020 F 

Fossil coniferous wood, 705, 1083 F 

_ crinolds, 892 ; echimds, 892 f 

— CuprUia, 960 1 

— f'ora7n««t/era, BOl, 824-826 1 

— Lituolce, 816 

— Radialaria, 846, 854 note 

— Saccainmina, 812 

— sponges, 1089 * 

— wood, 705, TOG 

Fossilised FommiaifemiEozoouh 83 1 

wood, acctions of, il2 

605 

Fragilariece, cbar-actcrs of,_6i).i 
Fratfinentatiou of nucleus, ..i3H 
FrannhofcT’s law of diffraction, .7 

— achromatic doublet, 148 

— lines, 323-32G 
Frederirelhi, collecting, 528 
Free-cell formation, 5^35, v^l9 

— — in embryo-sac, 534, 536 
Freezing apparatus for Thoma s (Jung s) 

microtome, 467 

— microtome, Hayes s, 4; 2; Cathrart., 
474 

imbedding by, 50n , 

Fresnel, on Selligne and Adams s m ero- 
scope, 148; on range of magmhcalion, 

Freuana hdempHS, legs of. 1016 
Fripp’e metbod of testing object-glasses, 

Frog, blood- corpuscles of, 1034, 103->, 
muscle fibre of, 1049 ; papilte on tongue 
of, 1053 ; circulation m ‘n^sentei} fm 
1050 ; circulation in tongue of, lO^h , 
lung of, 1063 ^ .. 

Fro<^'g bladder, histology of, as seen with 

_TotT;;S’u?J .eboM044; c. 

culatiou ill web of, IHoe 

Frond of (126 

Fructification, goiudial, all: sexual, o43 
-ofthaliophytes,54(l;o 

642; of lichens, 649; uf niossCs o , 
of fern s , 675 ; of P <? « b80 
Frustuks of 

of, 588, 589; structure of, a8., ..O 

»ofe; girdle, 5H9; osUoles m, aJO ; 

markings ou, 591; character of, as basis 


of .:•li^s^.ificat^>n, 1102; of Ci>mni)(lis,’U<^ 
flou 

Fiti urro', 1127; conceptiicles of, 327 
FitrliKiii, pollcii-graius of, 722 
Fiirii\^ (Vill 

Vnrn^ ('<27, 628 

-- i r!ii/‘>lh,stis, (i2il 
Fnt/i(,rif]:i-, wings of, 1199 
Fnnai'il hlirfP„hrt!-il:i, dlil) 

— sporiingcof, 671 
F('xi,i, .14(1, 

~ prejjarationof, .711 ; zyinolic nclion of, 
•5o2 ; altcniiition of generations in 
clasniiicatioii of, (i31 ; parasitic on in- 


sects, tVl'2 

Fnngiii, lamcllic of, 878 
Fiingiftirm \mpiUa>, 1053 
Fiingns-cdlulnsc, 633 
Fusion in ])idUiig(’r(<i , 759 
Fuss's description of a micros cepe, M7 
Fiifinlinn, 825, 826, 109(1 
P(/.$«/hHr-liniestoiit', 825, 1085 


Gabbrn, 1095 

— fluid inclusions in, 1074 
Gad-fly, ovipositor of, 1694 

— See 'I' a bn nits 
GailhnrUa pmrrn, 621 

(//vinfilofi/, 621 
-- k'srr/rtbi, 621 

Galileo, inventor of the coinpomid micro- 
sco].'e, 120 125; ^ iviani s life of, 126; 
his inveiUioii of compound microst-iijie, 
Wodderborii on, 121; bis orrhinhna, 

121, 124; bis orc/nbfe, 122, 124; bis 
inicrnscope, 127 

‘Gall-flies,’ ovipositor of, 100:3 
Galley -worms. See 

G(ini(rsi<?(J, legs of, 1010; integument of, 
1010; Jlalpighiau 'cssel of, lOH; 
heart of, 1011 ; IratliP:^ of. 1011 ; cha- 
racters of, 1012; reproductive organs 

(foiw/.stfs fcrnli/i-'!, mandibles of, 1009 
Gaugliou-globiiles (eellsl, 10.51 
(ranglionic cells, 1054 
Ganoid scales, 1028 
Garlic, niphides of, 696 
Garnets, 1077 .. 

Gas bubbles iu glass cavities, II (4^ 
Gaseous inclusions m crystals, lUi a ^ 

Gnstrvpodn, palates of, momitnig, 48i 

palate of, 919 ; development < f. -IL . 
IheU stnictnie of, '928; embiTonu, 
development of, 9:34-940; organs of 

in 

726; forma-tiou of, <26 iwU , oi_z 
phytes, 862; of Gastropuch, 9d.i, of 
bloatfy, 1007 , , -lift. 

' (hmss’g optical invcstignvtKn.NlOb-llO, 

j his dioptric investigauou«, U 0-11 , • 

; system, 

. , Geiatiuousmrve-tibres,lO-->- 

’ in sympathetic, lOyf 

i E 
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GemeUaria, polyzoary of, 909 
<3reium»j of Marcliantia, 666, 667; of 
Salpiitfjtisca, 764; of Sactona, 784 ; in ^ 
Foramini/er(i,lV8; of Po/y^foa, 006 
Oemriiatiou and shape of shell in Fora- 
minifem, 796 

Gemmiiles of Noctiluca, 769 ; of sponges, 

857 

Gentinna, seeds of, 724 
GeotUu, spicules of, 859, 1086 
Gcphyrean worm, 950 
Geranium, glandular hairs of, 714 ; cells 
of pollen- chambers, 720 ; pollen-grains, ; 
720 

Gertn-cells of Volvox, 555 ; of Marchan- 
tin, 668 ; of mosses, 671; of ferns, 679; 
of Phiuierogams, 685 ; of sponges, 857 ; 
of Hijfha, 866 

‘Germinal matter,' 1018; of fibrous tis- 
sue, 1019 ; of dentine, 1020 
Gesncrin, seeds of, 724 
Ghostly diffraction image, Nelson on, 72 
note 

Gibbes {Heneage , on staining Barteria, 
515 

Gifford’s screen, 321 

Gill ;C. Uaughton), on tlie ‘ dots ’ of 
Naviculd, 593 
Gillett’s condenser, 204, 300 
Gills of tadpole, 1057, 1059 
Giraudia, conjugation of, 627 
Gircanella, 1084 
‘ Gizzard ’ of insects, 993 
Glanders, 661 
Glands, structure of, 1047 
— of Urosera, 714 

Glass-cavities in crystals, 1074 ; gas 
bubbles in, 1074 
‘ Glass-crabs,' 968 
Glass inclusions in crystals, 1074 

— rings lor cells, 446-448 
Ghiuciiim Ji(feu?n, cyclosis in, 691 
Glenodiniitm cinctum, conjugation of, 

770 

Globigerina . shell of, 798; mud, 811; 
pseudopodia of, 821 ; mode of life of, 
82 1 ; Wyville Thomson’s views on, 821 ; 
Carpenter’s view's on, 822 
GlohUjei'ina hnUvides, 820; in the ‘ ooze,’ 
1036 

- confflohata, 821 

— ooze, 820, 1085 ; ressinblance to chalk, 
1087 

— rubra, colour of, 799 

Globigerine shell, sandy isomorph of, 
814 

Globigerinida, 820 
Globule of Chara, 577, 578 
Globulites, 1096 
Glochidia of Anodon, 933 
Glceocajfsa, 547 ; as gonid of lichen, 651 
Glow-worm, il84 ; anteume of, 988 
Glue and honey cement, 444 
Gluten of grass seeds, 725 
Glycerin, as preservative medium, 518, 
620; Hantzsch’s method, 520; Beale’s 
method, 520 


GRE 

Glycerin-jelly, Lawrence’s mounting in, 
480,519; solvent for CaCO^, 520 ; for 
mounting insects, 973 ; for mounting 
cartilage, 1047 
Glyciphagus Krameri, 1013 

— '••mlmifer, 1008 

- jy^aU/gffsier, 1013 

— phaniger, 1008 ; hairs of, 1010 
GnatJwntomata (Crustacean), 965 note 
Goadby’s solutian for mounting cartilage, 

1047 

Goes (Dr/, on affinity of Carpenteria, 82;8 
Goette, on development of Aittedou, 903 
Gold size, 448 

Gomphemema, stipe of, 588, 616; move- 
ments of, 602; attackedby VamjygreUa, 
730 

— gemiuatmu, 616; stipe of, G16 
-- gracile, 621 

Gnmphonemeee, characters of, 616 
Goniaster equefitris, spines of, 891 
Gonidial cells, 541 
fructification, 541 

- layer of lichens, 049 
Gonidiophores of Peranosplioreip, 039 
Gonids, or nou-scxual spores of Crypto- 
gams, 511 nnie\ of Vaucheria, 562; 
of Podosphenia, 597 ; of Fhmde{P,QZ\ ; 
of Fu ngi, 633 ; of PeronosporetP, 639 

Goniocidaris fiorUjrra, spine of, 888 
Goiiiuin, 545 

GonotheciU of Campaniiiaruda,^!^ 
Gonozoidof hydroids, 868 ; of Sgucoryne, 
869; of Tuhalaria,%(SSi 
Gonozoids of Se.rtulariida^ 870 
Gurdius, 944, 945 
Gorgonia, spicules in, 929 

- guttata, spicules of, 880 
Gorgonup, 877 ; spicules of, in mud of 

Ijovant, 1085 

Goring (Dr.), on magnification of objects, 
43 

‘Gory dew,' due to PaJmetln rrueyita, 
558 

Govi, on Invention of microscope by 
Galileo, 120 

Graduated rotary stage, 395 
Gram??iati)phara, chains of, 588, 607 

- angiiJosa, 620 

- vmrina, 607 

Grummatopliora paralhda, 620 

— ^erpeniino, 607 

— suhtdiHaima, 607 
Granite, 1095 

— fluid inclusions in, 1074 

857, 861 ; spicule of, 1086 
Grasses, nodes of, 701 ; silex in epidenn 
of, 715 ; palcfn of, 715 ; seed of, 725 
Grasshopper, gizzard of, 993 ; wings of, 
999 

Green glass tor softening light, 321. 417 
Greensands, microscopic constituents of, 
1090 

Grcgarina, characters of, 749; move- 
ment of, 750 

— gigantea, in lobster, 749 note 
- HeennridU, 751 
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Gmgaruiidd, 74B 

Gregory (J. W.), on EosoUn, «4:) notf 
Gregorj' (W.), on species of tliatoms, OOO 
nofe 

Oreville, on SpafuiujuUuni^ (‘,10; uii 
Triceraiaufi, (ils note 
Grey matter, 105‘2 
Griffith’s turn-table, 451 
Grij^thsia, 630 ^ 

Grinding sections of ’hard substances 
506 _ 

Grindl’s microscope, 132 
Gromia, 734-736, 706 
■ and Arcellu, pseudopodia of, con- 
trasted, 746 

Ground-mass of rocks, 1{)7‘2 
Groundsel, pollen-grains of, 722 
Growing slides, Botterill’s, 340 ; Mad- 
dox's, 341; Lewis’s, 341 
Guard-cells, 715 
‘ Gulf -weed,' 630 

Gum and glycerin, 5‘20 ; and syrup, as a 
preservative medium, 519 

— imbedding for vegetable substances, 
514 

— arable, formula, 445 ; for freezing, 505 
“ resins, latex of, 695 

— htyrax, as a mounting medium, 521 : 
index of refraction, 521 

Gyges, 545 
G}j)}iiiftehroa, 86S 
GymmlcemaUtj 909 
Gymuosperms, fossilised, 1084 

— generative apparatus in, compared 
with Cryptogams, 684 

Gypsina, 824 


H 

Haddon,on budding in FoIyzoa^^Wl note 
Haeckel {E.}, on Badiahaia, 846; on 
Hydrozobn affinity of Ctt‘itaphora, 877 
note 

and HerLwig. on classification of 
radiolarians, 849 note 
Hu'iiitimiihidee, 752 and note 
HcematocoeeuH, red phase of Proio- 
eoccus, 543 

— sanguinethH, 558 
Haematoxylin, solutions, 491, 492 
Hamionitis, sori of, 675 
Hwmos2)oruliu, 749 

Haiine (Jules), on development of Tri- 
rhodo^ 780 
' Hair-moss,’ 671 
‘ Hair-worm,’ 944 

Hairs of leaves, 714; of insects, 980; of 
Acariiui, 1010; of mammals, 1029 
HaUrnri-diP, 1013 
HdUomma HuniOotdtii, 851 

— hy!)fn.r, 848 
HaUotis (diatom), 613 

— (mollusc), shell structure of, 92.s; 
palate of, 931 

Hfdiphysema, 814; sponge-spicules in, 
822 


un auditory organs of .ho.,,;.,, 

ILiVios (if lootl 

Jbiiiil.mavriiifit,,.^ Brewster’s, 37 
Jboistrirj,. movement of iPriU,,!., 

Ijllrra-^ 5.jf< 

Ham;,..<'l,-s glycerin inetliCKl for desmids. 
^^'{I'l'iphnuiniiitiii, 814 

Hardeniou 4.84-4.87; corrosive 

Mib imate, iSt; aicolml, 484 ; osmic 
ac,d, 48.,; ^nerif acid, 485 
Hardy s flat bottle for collecting, 527 
nti fjxdiiti^ anteiinio of, ilHs 
Hartiug, on .hmssen’s microscope, 120; 
nis exjierinicnts on formation of con- 
eretmiis, 1101 

Hartnack. nn innm-rsion svstem, 27 
Hartnack'smwlel, 256 
Hartsocker’s simple microscope, 134 ; Ids 
condenser, 134 29H 

‘ Hart’s-tongne,’ Oyr,. See Seohgn u- 
nrt u ffi 


‘ Harvest-bug,' 1013 
‘ Hans ' (i[ Ajjjjfnil/ciiJfiriii^ 918 
Haustellate montb, 992 
Haustelliiim, 9fl2 
Haversian canals in bone, 1021 
Ilaycrafl (J. B.), on strnctiin' of striated 
innsde fibre, 1019 

Hayeses etlicr freezing microtome, 47‘J; 
minimum tbickness of sections there- 
with, 473 

Hazel, peculiar stein of, 704 ; pollen- 
grains of, 722 

Hearing, organs of, in Gaalnpodn, 941 ; 

in Ciphaiopoda, 941 
Heart of ascidians, 912 ; of Acnrhia, 1011 
Heartsease, puileii-tubes of, 723 
‘ Heart- wood,’ 704 
Healing-batli, Mmvlt’s, 4,53 
HeUoprUd, 588, 611 

Hidiozoa, characters of, 734 ; examples 
of, 7.37-742 

Helid- jjontuiifi, leolh of, 930 
- JioyUmi-^ palate of, 930 
Heller's ]X)rcelain cement, 521 
Helmholtz on a^XTlure, 47 
Hcinimter (7(('cnm?,«.s, development of, 
900 note 


Htmipiem, eyes of, 987; wings of, 999; 

suctorial mouth of, llK)0 
Hen sen’ 5 stripe, 1649 
Hrpdfinpf 665; lhalloid, 668; foliosc, 
668 ; ekto's of, compared with sjiiral 
cells, Ac., of pollen-chamber, 720 
Hediiroro, arrangement of enamel in 
teeth of, 1625 ; cement in teeth of, 1026 
Herring, scales of, 102.8 
Herschelaii doublet, 309 
llertel’s compound microscope, 13'7, 139 
Hertwig's research on Mscrojjoowm, 735 
n(ite\ on Aiiiftia, 877 note 
HetcrocenirotiiH, spine of, 885 
-- inammiUuiiis, spine of, 887 
Heteroevsts of .fS<w(oc, 549 

4 e2 
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Heteromita uncinaiaf life-history of, 7C0 
Heterostegim, 8S4 

Heurck (Vaii\ on markings of diatoms, 
593 

Hexarthra, 732 

Hicks, on amcebiform phase of Volvox, 
556; on preparation of insect antennae., 
969 note; on structure of halteres and 
elytra, 1000 
Himantidium, 604 
Hip;parcliia janiray eggs of, 1005 
Bippopufi^ 613 
Hippoihoa, 909 
Holland’s triplet, 37 
Hollis’s liquid glue, 444 
Hollyhock, pollen-grains of, 721, 722 
Holothuria bctelhtft, plates of, 835 

— edidis, plates of, 895 

— inhabtlw^ plates of, 895 

— vagahiinda, plates of, 895 
HoloiliuricE, diatoms in stomach of, 614, 

623 

Holothnrioidea ^?ike\(‘ton of, 894 ; pharyn- 
geal skeleton of, 895 note ; plates in 
skin of, 895; preparation of calcareous 
plates, 896 ; abbreviated development 
in, 900 note 

BoUenia Carpenferi^ 861 
Hoineocladla, 002 

Homogeneous, word first applied to 
lenses, 30 

— immersion, 364 ; Abbe’s combination, 
365 

— immersion lenses of Powell and Lea- 
land, 30; of Zeiss, 29 

— objeclives, value of, in study of monads, 
762 

— system, 28 

Homoptera, wings of, 998, 999 
Hood of mosses, 071 
Hoofs, 1029, 1033 

— sections of, mounting, 481 ; for polari- 
scope, 481 

Hooke’s adoption of field-lens to eye- 
lens, 128, 370 

— compound microscope, 128 
Hooked monad, 700 

Hooker {J. D.), on diatoms of antarctic 
circle, 621 

Hooklets on wings of Hy wen opt era ^ 993 
Hoplotbora^ 1012 
- maxillte of, 1010 

Hormogones of OscillcitQriareie, 547 ; of 
EividariaceceyOiH] of Scytonewarcce^ 
548; of Noafoc, 549 
Honnosina glabidiferay 813, 815 
' Cmpe uteri, 815 
Hornblende, 1077 

~ corroded cri stals of, 1072 ; pleocbroism 
in, 1078 

Hornet, wing of, 999; sting of, 1003 
Homs, 1029, 1083 

Hornv substances, chemical treatment 
of, 517 

‘ Horse-tails,’ 080, See Equifictaecee 
Hosts of parasitic plants, 532 
House-fly. See Musca 


Hudson, on the functions of contractile 
vesicle of rotifers, 789 note 
Hudson and Gosse, on classification of 
rotifers, 790 

Human blood-corpuscles, 1084 

— hair, 1031 

Husk of com-gi’ains, 725 
Huxley, on the ectosarc of Amceha, 743 
note; on coccoliths, 747 ; on Bathybiun, 
747 ; on Collozou, 853 note; on struc- 
ture of molluscan shells, 922; on pul- 
villus of cockroach, 1000 note ; on agamic 
reproduction of Aph is, 1006 
Huxley’s simple dissecting microscope, 
261, 252 

Huyghenian eye-piece and spherical 
aberration, 42 

Hyacinth, raphides of, 696 ; cells of 
pollen-chambers, 720 ; pollen-grains of, 
722 

Hyaline shells of Foraminiferay 799 
Byalinia celt aria y palate of, 931 
Hynlodineufi taihfiliny 008 
Hyaloplasm, 537 

Hydra, collecting, 527 ; intracclluJur 
digestion in, 863 ; thread-cells of, 864 ; 
structure of, 864 ; reproduction of, 866 ; 
gemmation of, 866 

— fusea, 863, 865 

— viridis, 863, 867 

— vutgariSy 863 

‘Hydra tuba ’ of Chnjsaordy 874, 876 
Hii{trachnid<ey 1008; mandible of, 1009; 
eyes of, 1011; reproductive organs 
of, 1012 ; characters of, 1013 
Hijdrungtay number of stomales in, 7l6; 

seeds of, 724 
Hydrodu'tyon, 557, 566 
— - reticutntuWy 563 
Jlydroida, classification of, 868 
Hydroids, compound, 867 ; stnictpnre of, 
867 et seq.; Med usee of, 868 ; planulne 
of, 868, 871 ; habitats of, 871 ; ex- 
amination of, 871 ; mounting, 871 ; 
jxilariscope with, 872 ; preservation of, 
872 

Hydro 2 dn}us, antenme of, 987, 9,88 
Hydrozva, 863-877 
Hydrosoa and marine mites, 1013 
Hyhi, nerves of, 1054 
Hynienium of AscowyrefeSy 642 ; of Bam- 
diovujccteSy 647; of HywenowtjrefeSy 
648 

UywenamyreteSy 647; pileus of, 648; 
stipe of, 648 

Eyiuenopierfi,^!;]; eyes of, 987; mouth- 
parts of, 930 ; wings of, 998 ; sting of, 
1002, 1003; ovi])ositor of, 1002, 1003 
Hyosnjawus, spiral cells of ixillcn- 
chambers of, 720 ; seeds of, 724 
Hyperiea^n, seeds of, 724 
Hyphoe otfungiy 633 
Hypnospore of HydrodiciyoHy 505 
llypnospores, meaning of, 541 
Hypoblast, 726 note 
Hy]X)pial stage of Tiirvglij 2 }htd{r, 1013 
HypopuSy 1013 
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' Ice-plant,' epiderm ol,_714 

Jehneumonidfe, ovipositor of, 100:1 

Illuminating power, 420 

— powder of objectives, 54; c:oinpa.rL>d 
with penetrating power, 393 

Illumination for dissection, 401 

— for opaque objects,^149 

— oblique, lf>0, 191, 

~ of objects, Ross on, 300 ; inonodiio- 
matic, 321-323; Gifford’s screen for, 

321 ; Meithe's filter for, 322; Nelson's 
apparatus for, 323 ; by reflection, 320- 
338 ; opaque, 329 ; from the open sky, 
412; by diffused daylight, 412; for 
dark ground, 413 ; experiments in, 414 ; 
inonocliromatic, means of obtaining, 
417, 418; annular, 419; colour, 423; 
double, objects for study with, 423 ; 
with small cones, as caiis^ of errors in 
interpretation, 427 

IlluDiinator, oblique, 190; white cloud, 
194; parabolic, 310-317; Swift's sub- 
stage, 319; Smith’s vertical, 33(1; 
Powell and Lealand’s, 337; Beck’s, 
337; for examination of metals, 337 
Imat^e,real, 14 note ; virtual, 14 ?iofc,370; 
conjugate, 24 ; inverted eonjugale, 24 ; 
absorption or dioptrical, 04 ; diffrac- 
tion, 64; negative, 04; positive|_ 64 ; 
solid, 95; real object, 375; definition 
of, 382 ; formed by compound eye, 984, 
985 . , , , 

Images, by diffraction, dioptric and 
interference, 72 

Imagiiial discs in larva of blowfly, ll)07 
Imbedding processes, 495-506 ; paper 
trays for, 497 ; in paraffin, metal case 
for, 498 ; orienting bottfe for, 499 

paraffin method, 409-503 ; in gum, 

475, 505, 506 ; celloidin method, 503- 
505 

— by coagulation or freezing, 505, 506 
Immersion lenses and vertical illumma- 
torfi, 337, 338 

_ _ homogeneous, outcome of Abbe s 
theory of diffraction^ 3C4 

water, Zeiss's, 370 

. Amici’s, ;362; Pow'ell and Lea- 

land’s, 362, 364 ; Prazinowski and Hart- 
uax;k’s,3C2; Tolies', 302 
— objectives, 28 ; examination of, 08 / 
-system, 27-29; invented by Amici, 
27 

Iinperfect achromatism, cause of yellow- 
ness, 417 

‘ Impressionable orgmis m Ctitnui, no 
Incidence, angle of, 3 
Incident ray, 2 
Incus of 788 

Index eye-piece, 381 
— of visibility, 521 . , , 

Lidiaii com, epiderm of, il2; stomaU 

Indirect division of nucleus, 538 
Indus! urn in ferns, 675 


Inrlci'Uou of diverging rays, 62 
754-785; as fuod «d' 
ji li I ’v 7 :-’«9 ; El 1 re nberg' s work <m , 7 ■-:> : 
iilia'c, 754, 772 ; unicellular nature of. 
755 liijf''; character oF, 772 
Iiifusdnal Ciirtli, (197, 698, 611, 61:5, 6]T. 

62(1-622 ; from Barbadocs, 846, 849 
lujeeted preparations, 1061 
I portions of shell of, in elmli 
U)H7 


1 chalk, 


I'TS, 972-1907 

— inonuinig media for, 973 ; integuni(.‘iU 
of, 974; lognmeiitary aptiendages of, 
974 : s(:ales of, '.i75-9H() ; hairs of, 980 : 
pans of head, 9s2; ey<s, 982-il87; 
antfiiime of, SIST ; month -parts of, 989 ; 
circulation of VAood, 993; alimentary 
canal, 99:); wings of, 994, 9!)8-1000; 
tracliCiP of, 994 ; stigiuata of, 9i)5 ; 
soiind-firoduciug ai>paratus, 999; organ 
of smell, 1900; organ of taste, luOO; 
feet of, 1O0O-10U2; stings of, 1092. 
l(tii:l; ovipositors of, 1092, 1003; eggs 
of, 1904 ; agamic reprod uc'tion of, lOOt) ; 
embryonic devcloinnent of, 1007 : 

' liver ’ of, 1047 

— parasitic fungi in, 642, 615 

— )iavts of, wooden slides for mounting, 
450 

Insect work, dark-ground illumination 
for, 42:4 ; polarised light for, 423 
Iiilogimient of insects, 974; of Annino, 
1010 

Integuments of ovule, 685 
Intensity of light, necessaries for, 417 
Inlerceliular substance, 1919; in carti- 
lage, 1046 

intercostal points, Stephensou on, 73; 

not revelation of real structure, 73 
Interference, 62 

— image, 72 „ . • • 

Intermediate skeleton in Furamndn'u, 

801; of Gfo6if?crbiid«,820; of Oalea- 

rjnii,825; Qtlioialia.mo^ of Fim»ui- 
Utf's 826; of Eo-ioyn, 830 
Internal casts of TcxtnUtm 8p; of 
B,,f(,fm,824; of Pnrw«,S49; 0 wood, 
1083 ; of shells in greensand, 1090 
Interpretation, errors of, 427 
-InteUpuUsu* 

Intestine, ceils of vilh ni, W44 

Intiue of polleu-gwns, (20 

Intracellular digestion m zoophytes, 8fi3 

";3j5^tS'ofsUreh,694 
inveSS^S'qbhwd corpuscles of, 1038 

Inverted conjugate 

Ifwline as a test for starch, cU-, 

■15,716 
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lER 

Irrationality of spectrum, li), 3fio 
Isochelae of sponges, 8(50 
lsoet(’(P^ (58‘2 
laotropism, 1079 

Tsthinin, chains anti frustnles of, 568, 612 ; 
structure of frustulos, 590 note] divi- 
sion of, 59(5 
mrvosa, (513 
— areolations in, 592 
Ttaliau reed, stem of, 699 
‘ Itch-mites,’ 101:5 
Ivory, 1024 
Ixodes, heart of, 1011 
TxodUhe, 1008 ; integumeiit of, 1010; 
auditoi-y organ, 1011 ; tracheae of, 1011 ; 
characters of, 1012 


J 

Jackson’s modification of Ross model, 
199 ; Ills eye-piece micrometer, 276 
Janssen (H. and J.), inventors of first 
mieroscoiie, 120 ; their compound 
microscope, 120 

Jars, capped, for Canada balsam, 477 
Jelly-fish. See ^4 ca lejdi ce. and Mer/ » st* 
Jones’s compound microscope, 144, 145 
Jiingermannia, 668 
Jung's (Thoiiia’s) microtome, 461-469 


K 

Kaolin, 1076 

Karop, his fine adjustment to sub -stage, 
187 

Kai'op and Nelson on fine structure of 
diatoms, 591 note 
KanjolcUicsis in monads, 763 
Kellner’s eye-piece, 42, ;176 ; as a con- 
denser, 196 

Kent (Saville), on contractile vacuoles of 
Volvox, 552 note] onFUigcUata, 764 
Keplerian telescope, Drehbel’s modifica- 
tion as a microscope, 121 
Kerainosphcera HIO note 

Keratose network of sponges, 855 ; pre- 
paration of, 857 
Kidneys of Vertebraia, 1047 
King-crab, 957 

Kirchner, on the oospores of Volvox, 
556 

Klebahn, on formation of auxospores of 
diatoms, 601 

Kiebs, on mucilaginous sheath of des- 
Tiiids, 580 ; on movement of desmids, 
580 

— and Biitsclili, on the ‘cilia’ of Dino- 
JiageUata, 770 
Klein, on Yolvox, 550 note 
Knife, special, for microtome, 402 
Koch’s method of sectionisiug corals, 
878 

Kowalevsky, on development of ascidians, 
917 7iote 

Krukenberg.on digestion in sea-anemones, 
863 


LEG 

KiitzmgiOnParjHodw'fj/on, 559; on struc- 
ture of frustules of diatoms, 690 ; his 
classification of diatoms, 60:4 


L 

Labarraque’s fluid for bleaching vege- 
table aubstauce„5l4 
Labels, permanent, 523 
Labyrinthic structure of Cycl(nnmin<t, 
816 ; of Purheriu, 818 
Lahyrintbudon, tooth of, 1091 
Laeunse and canaliculi of bone, misinter- 
pretation of, 428 

— of bone, 1019-1022 ; dimeusions of, in 
various cvnimals, 1022 

— relation of size to that of blood cor- 
puscle, 1022 

Lagena, 796, 819 
Lagenida, 819 
Laguncula, 906, 908, 950 

— stolon of, 904 ; polyjndes of, compared 
with Ct(tveUinidir,Qli 

— rc^ois, anatomy of, 904, 905 
‘ Lamellaj ’ of corals, 878 

— of Hynwnout/jcfics, 648 
LamelUhnnudiiutu , shell of, 919 
LameUicornia, antennae of, 988 
Lruninarin, 626, 627 
LoniinaidaceiF, 627 

Lamna, tooth of, 1024 
Lamp, Nelson's. 404 ; Beck's 406 ; 
Baker’s, 407 

Ltiinpyris, antenna! of, 988 

— splendidv In, T^hotogTfuiih. through eye 
of, 984 

Land- crab, young of, 969 
Lankester (E. Ray), on Bacferh, 652 ; on 
movement of gregarinos, 750; on 
IIcema7nccbi<ho, 752 note; on intra- 
cellular digestioii in Lii>tiiveodiHi)i, 
863 

Lantern-flies, wings of, 999 
Lapis lazuli, 1095 

Larva of Echinodermata, 896; of As- 
feroiden, 898; of iV/n«ojdco, 898; of 
OpTiiiiroidea, 898; of Ciinoideu, 900; 
of ascidiaus, 910 ; of fly, 1007 ; of 
Acarina, 1609 
Later of Phanerogams, 695 
Lathr(xa sqnarfforia, embryo of, 723 
Laticiferous lubes, free-cell formation in, 
534 

— tissue of Phanerogams, 695 
Laurentiaii rocks, 83'7, 842 

‘ Laver,’ or green seaweed, 559 
Lawrence’s glycerin jelly, 519 
Leaves, epiderm of, 712; internal struc- 
ture of, 716 ; mode of preparation for 
examination of, 718 
Leech, 956 

Leeuwenhoek’s simple microscoix?, 132 
Legg’s method of selecting Foi-aminifera. 
844 

Legs of insects, 1000, 1002 ; of .Ic/rnwa, 
1008, 1010 
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Leguminoffce, yceds of, 683 I 

L^somn jialmacinctHin, 1008 ; (if, ; 
1010 ; ‘ 
Leitz’s microscope!?, 206, 227 ' : 

— buirs eye, 330 j 

— objectives, V, 7 4 ■ 

Lens, spherical, 12; biconvex, 12, lO; : 

plano-concave, 13 ; flivergin^menisous, ^ 
13; plano-convex, i;^ 13, 22,' 37; con- i 
verging meniscuw, 13 ; biconcave, 13 ; 
plano-convex, focal length of, 13 ; 
crossed biconcave, 16; crossed bicon- ^ 
vex, 10 ; equiconvex, 10, 22 ; Stanhope, i 
37 ; Coddington, 37 ; Briicke, 38 i 

from Sargoii’s palace, 119 ! 

— invention of, 119, 120 
-achromatic, Cliarles’s, 148; Barlow's, ■ 

1*9 . . I 

Lenses, refraction by, 10, 25 

— homogeneous iiiuncrslon, of Powell ; 

and Lealand, 30; of Zeiss, 29 ^ ' 

fluorite ; for apochroiiiatic objectives, ; 

35 _ I 

-- combination of, 37 

— resolving power of, 64, 382 ; amplify- | 

ing power of, 25, 26 i 

— testing by 389 j 

Lepadidie^ 967 j 

LepMUum, seeds of, 724 j 

Lepidoeijiina airvicdlis, scales of, 979 1 

Lepi(lodeudm,6H2, 1084 

scales of, 975, 976; wings 
of, 981, 999 ; scales of, mounting, 981, 
982; eyes of, 987; antennae of, 988; ^ 
mouth-parts, 992; eggs of, 1005 
Lepidosieiis, bony scale of, 1022, 1028 
Lepidost rohi, (>82 

LepUuut mccharina, scales of, 976, 977 
Lephmvi<p,^l‘‘i 

Lepn(U(i,iim; mode of growth Jii,90t; 
extension of perivisceral cavity of, 

Leptodbi'ua (ally of Kocfduca], 769 note 
Leptogoiniim Hcotinutu, 049 
Leptnthfij:, fonn of, 053^ 

LephLH (iidntnuads, 1013 
Let n(/!(>, 965 note, 966 
Xicssonia, 627 

Lettuce, laticiferous tissue, 695 
Leucite, mineral inclusions m, lOro; 
anomalies in, 1078 

Lever of contact, Ross's, for testing 
covers, 440 , 

Libelhdn, eye of, 983, 987; respiratory 
apparatus of larva, 99)', wings 0 , 
998 

Liber, or inner bark, 708 

Lichkxs, 648-651; fungus-constituents 

Lirnwphom^ stipe of, 588, 004 ; flabella 
of, 605 

— fiabi'lhtfdf 588, 604 

Dir'mojw/mwf, 616 

— characters of, 604; vitt>e of, W4 
Licberkiii’hnia, movement of, 73'.^ 

— paludosa, 788 
— Wapieri} 731 


hiciicTkiilnrs iniciVKcopt- 139 ; Uissui^.n 
Imn, 

‘Ihgiuawituin iniclue,’ struchirc cf. lOrii 
vi.'frivi'iinn of. r(.'comjK)'^itioii 
'-■r, by jirisnis. bt; cniuvigcncc of, ]S; 

I'i'.'h of. through compound micnKcnpc. 

40; tjiiiuiiily (>f, 36, 51, 34; emission 
of, 31, 34; ijiuintity of, nitd apertuve, 

3( itiifi’i ((me <)f, 196; inoiun'lirnniatio- 
•121, 417 , 41-S; itil{-iisitv nf, ncct-ssiirics 
fur, lit; 

- ( '.mver^ciit, iu pcti'ologv, 1676. lOT-S 
Tjigiiifir‘(i tissue, lest for, .‘>17 
Lignites, His:! 

wood of. 701 
Ld<N\ iiitli of, 6.S7 

Liliutii, e.vjicriiiu'uls witli [►olleii. grains 
of, 721 

‘ LilV-stiU'S,' yiM). See Ci'itididi’K 
\ Lunu.!' palate of, 9:H) 

' — shell of, imitated, J 162 
; — mfm, shell sfi'iietiirc of, 92« 
i Lime, rapliides of, 696 
i -- secreting Alg.e, llKSI 
i Liiuesfoiic, inefaniorpliism of, 1077 
■ - rocks, 1084, 10s5 

i L'unnauH datjiudiy, nidamentum of, 
j 934 ; velum of, 936 
j Limnocayidif^ diaratders of, liil3 
1 Li(»«ocJtrtri.s, seeds of, 724 
Limnuyudium^ iiitracelhihir digestion in, 
863 

Limpet. See Tatcda 
■ 937 

Lhiuno, seeds of, 724 
Ijister's struts for support of Uidv, 149; 
his influence on improvement of Eng- 
lish iochi'omatic objecl-glasses, 136 ; 
i his zoophyte trougli,34M; his discovery 
of two aplaiiiitic foci, 333 ; liis iiote on 
Chevalier’s objoetivt's, :)33; Iris iiiflu- 
I ence on microscopical optics, 336 ; his 
triple-front comhination, 366 

: i(sri-njj;mw.S',100S_ 
i LidfaDcriset!!! /•((fh'ntms-, «20 

; Lithistid sponges, splcnhs of, «39 
L'dhocifrha occh!!.*?, 847 
. Litlii)tlia))niio)i, 1684 
Lii Kohf, 814 

; LifiroliV, large fossil fortns of, 8lii 
Z/iCfo/tdrt, 814 
I Live-box, 346 
Liver, W47 
V ■ Liver- cells, 1048 

' : ‘ Liverworts,’ 065. iiee Hcjmlir<r 

[ Lo(/osif, charactera of, 734; examples of, 

742-74" 

s I Ijohsder, 957 ; metamorphosis of, 9119 
i ‘ Lob-worm,’ 948 

a j Loculi, of anthers, 720 ^ 

I Locust, gi^7.3rd of, 993; ovipositors f, 

1004 

I /mcKshf, eyeof,98t 

^ Lf!fLosm,818 

! Lomi (L), oil calcareous spicules in 
j ’d08 HOic 
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LON 

‘ London Pride,’ parenchyme of, 688 
Longicornia, antennas of, 988 
Longulites, 1096 

Lophophore of Poh/soa, ‘JOij, 950 ; of 
fresh-water Poly sou, 909 
LophopuHj collecting, 528 
Lophospermwn eruhcsccns, mngedi seed 

of, 724 

Lopliyrnpodaf 959 

Lorica of Ciliata, 778 ; of Acineta, 788 ; 

of Uotifera, 787 
Loup-holders, 248 

— for tank work, Sleinheil’s, 268 
Loupa, Reichert’s, 38 ; Steiiiheil's,S8, 378 ; 

Steiuheil’s aplanatic, 248 ; Zeka’s, 268 
Louse, mounting media for, 973 
Loven, on classificatory value of palates 
ill Gustropvdu, 932 
Lo^'osonirt, lophophore of, 909 
Lubbock, on 27if/s«/i»ra,977 ; on Podura 
scale, 979 

Lncanus-f eye of, 987 ; antennEc of, 988 
Luminosity of KoctiJuca, 765; of Cteno- 
pliora, 883; of annelida, 955 
Lungs, circulation in, 1056, 1062-1065 
Lycfinis^ seeds of, 724 
L yrh n ofYi ni 11 tti fa Uifentm^ 847 

— lucerna, 847 

Lycopodon, 047 ; hymenium of, 047 

Lycopodiiiceie, 681; in coal, 1084 

Lycopodicte, 681 

hyminaHy collecting, 527 

Lymph, corpuscles, 1037 

Lysigenous spaces in Phanerogams, 688 


M 

Maceration of vegetable tissues, 700 ; 

Schultz’s method, 700 
Mtichllu poltfpoda, scale of, 978 
Machines for cutting liard sections, 511, 
512 

Marrocy&iia, C27 

Mrtcrospores of Pohjtoma^ 760; of 
sponges, 857 

Macrurons Dccr/j.iof?c<, young of, 969, 970 
Madder, cells of pollen- chambers, 720 
‘ Madre,’.4rflnf/i(;»icfm, occurringin, 852 
Madrepores, 878 
Magma, 1073 
Magnetite, 1072 

Magnification, range of, of BelKguc’s 
microscope, 149 

Magnifying power, testing of objectives, 
425 ; determination of, 288 
Mahogany, size of duets of, 699 ; stem of, 
706 

Malacontravd^ 968 
‘ Male’ plants of Pohjf lichuniy 671 
Mallei of BvHferay 788 
Mallow, pollen-grains of, 721, 722 
Malpighian vessel of Gamumhe, 1011 

— layer of skin in mammals, 1042 

— bodies in vertebrate kidney, 1047 
Maltwood's finder, 296 

Malta sylvcatriH, pollen-grains of, 721 


MEG 

Mahmr.eo’^ pollen -grains of, 721 
MaiuMALiA'. lacunee in bones of, 1022; 
plates in skin of, 1026 ; epidermic ap- 
pendages of, 1029 ; red blo{^ -corpuscles 
of, 1034, 1035 ; epidermis of, 1042 ; 
muscle fibre of, 1049 ; lungs of, 1065 
Mammary glands, 1047 
Man, arrangement of enamel in teeth of, 
1025 ; cement in teeth of, 1026 ; hsiir of, 

I 1031; muscle mme of, 1049; lung of, 
i 1065 

1 Mandibulate mouth, 989 
j Manganese concretions, 1090 
‘ Mantle ’ and growth of shell in Moll usca, 
925 

Mandiantia, 665-668; archegones of, 665, 
668 ; stomates of, 666 ; elaters of, 668 

— androgyna, 665 note 

— polymorpha, 665-668 
Murgaritacete, 919 ; nacreous layer of, 

922 ; prisiiialic layer of, 923 
Margarites, 1096 

‘ Marginal cord’ of OpercuUna, 880 

— of Niimmiilites, 834 
Mariije forms, collecting, 528 

— glue for forming ‘ cells,’ 445 
I — mites, 1013 

j — work, tow- net for, 528 ; dredge for, 528 ; 
stick- net for, 529 

Marshall’s compound microscope, 135, 
136, 138, 139 

MarsipeUa elunyata^ 818 
Martin’s ‘ pocket ’ reflecting microscope, 
110; his large microscope, 140; bis 
improvements in optical and mechani- 
cal arrangements, 142 ; his achromatic 
microscope, 147 ; his reflecting micro- 
scope, 147; his achromatic objective, 147 
Marzoli’s achromatic lenses, 353 
Mnsuitello, 811 
Mastax of Rot if era, 787 
Mastigophora Hyndmanai, 906 

stipe of, 088, 619 ; gelatinous 
sbeatli of, 588, 619 ; development of, 
597 ; range of variation in, 618 

— laneeolata, 619 

— - Saiithii, 619 

Matthews’s method of sectionisbig hard 
substances, 507 

Mavall, on history of microscope, 117 ; 

on Divini's microscope, 180 
jMayall’s removable mechanical stage, 183 
Mayer’s heating bath, 453 
‘ Meadow -brown,’ eggs of, 1005 
‘ Measly pork,’ due to Cyaik-ercus, 944 
‘ Mechanical finger’ for selecting di- 
atoms, 625 

— movements of the stage in Lister's 
(Tally’s} microscope, 149 

— stage, 175 

— — Turrell’s, 176; Watson’s, 177; 
Nelson’s, 179, IHl; Zeiss’s, 179, 183; 
Swift’s, 180 ; Allen’s, 180 ; MayalVa re- 
movable, 188 ; Reichert’s, 183 ; Bauseh 
and Lomb’s, 183, 184 ; Beck’s, 184 

— — Continental, 179 

— tube-length of microscope, 158 
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Medullary raye, 705 

in dicotyledons, 702 

Medullary sheath ’ of Exo^ens, C!)8 • of 
dicotyledons. 703 ’ 

Medusa of fresh -water, 808 
Medusce, mounting, 448 ; of Hydroiris 
808; naked-eyed, _ 808; development 
of, 874 ; alternation of generations in 
877 ; nerves of, 105^ ’ 

Medusoids, collecting, 529 
Mcgalopa, 970 
Megaloscleres, 859 

Megasphere of certain Fnrnininifcm 
802 ’ 
Megaspores of lihizocnr]U‘xe, 081: of 
carboniferous trees, 682; of hodnce 
682 ; of Selaghielletr^ 682 ’ 

Meyatkeriiim, teeth of, 1026 
Megatricha of Ehrenbcrg, a phase in 
development of Suctoria, 785 ; Badcock 
on, 785 

Megazodspores of Uhthnx, 557; of Ulai. 

561 ; of Scenedcstiius, 566 
Megerlia lima, shell of, 927 
Melanospvrt'ce, 625 
Meleagrimt 919, 922 

— margaritijcra, 923 

Melicerta^ collecting, 527 ; in confine- 
ment, 528 
Melir.ertido’., 791 

Melolontka, eye of, 987 ; antenme of, 
988 ; spiracle of larva, 996 

— vulgaris, eye of, 983 

Melosira, frustules of, 588, 594 ; auxo- 
spores of, 595, 600 ; sporules of, 597 ; 
zygospore of, 600 

— achracea, 608 

— silbjiexilis, 594, 595 

- varians, 594, 595; endochrome of, 
598 

Mtdoslrea, characters of, 008; resem- 
blance to Cau/ervfireif’, 60H 
Meinbraiia putaminis, 1032 
Membrauipura, 908, 909 
Membraniporidcr, 908 
Mercury nitrate as a test for albuminous 
suhstance.s, 517 
Mcrdliece, 604, 016 

— cliaracters of, 604 
Meridion circulare, 568, 604 
Merismopedia, 547 

‘ Mermaid’s finger. s,' 879. See Alajo- 
niiim 

Mest^mlirganlhcmum, seeds of, 724 

— crystallinum, epidenii of, 714 
7Vfc,<}oca?'y?«s, conjugation of, 549; zygo- 
spore of, 550 

Mesogloea of H/jdra, d‘c., 864 uuic 
Mesophloeum, 708 
Metal case for imbedding, 498 
Metamorphisni., dynamic, 1077 
Metamorphism of rock -masses, 1076, 
1077 ; of limestones, 1090 
Metamorphosis of LeriKca, 966; of 
Cinipedia, 967; of Mahicdstraca, 
909 

Metazoa, 727, 855 


MIC 


t i n scdiiiKoiih, lusr; 

„n acincuii chaiMrlcr d 
;;'-//'-.a.7«/s, 775: intrac-llnlar.b. 

Mndhiel s (A.i opalescent mirror. 194 

f„nu nf cell of, 585 
-iici(j'(li(‘niicai tinalvsis, 1192 

— method of. ling “ 

Miero-chonnstryin petrologv, 10 . 82 , 108:1 • 
of ]KSsr.iisJl(|.^ 

IHerof o/ r’p (urih rif, 65:1 
Mlcrocysls .if Mg.rnuiyrrtrH, OlHl 
soriulia 7:1,5 

MievoliU's. 1072; in glass-cavities, 1074 
micrometer, Cuffs, U2 

— use of, 274 

— eye-piece. 271 

- Xels,m-s new, 271, 272 , 273 ; Zeiss’s, 
'Jitcksnii s, 27(1 
Micrnjnetors, 270-277 
Micrometry by plioto-minrognipliv 277 
Micron, a, 82 nufr, 469 
Micro- petrology, 1966 
Micropliists ’ of Jldclrriunt rithfHcntx, 
660 )w(c 

Micrnpyle in ovule, 085; o[ Kiiphrasw, 
723 ; in orohirls, Ac., 723 
Microsclcres, 859, 800 
Microsco})e, Miiyull on the, 117 ; history 
and evolution of the, 117-269 ; inven- 
tion of, 120 ; iiivrnitor of tin* name, 124 ; 
essentials in, 157-104 ; adjiistmentfi in, 
159-175; stage of, 175-184; sub-stage 
of, 184-isil ; mirror of, 191-194 ; desi- 
derata in, 2111-263; preservation of, 
436 


— Galileo’s, 127 ; Cainpiini’s, 128 ; Prit- 
chard's, with Continental fine adjust- 
ment, 153; Boss’s ‘Lister’ model, 
153 ; Powell’s iH.), 155 ; James 
Smith’s, 155 

- achromatic, Euler on, 147 ; Martin’s, 
147; (,'hevalier’s, 14H, 1,59; Selligne’s, 
148; Tuliv’s, 149; Ross’s early form 
of, 152 

— aquarium, 266-269 

— binocular, Riddell’s, 97 ; Nachet's, 
98; 'Wciiliam’s st<'n'oscoi>ic, 98; Ste- 
phenson’s. 11)0, 24.8, 455 ; Creenough’s, 
102,250; Powell and Lealand’s, 105; 
Chei’uhin d’Orleaas’, 130 ; Ross's, 196 ; 
RosS'Zentmayer's, 199; Rousselet’s, 
24.5 ; Sorhy’s spectrum, :-527 

— chemical. "Bausch and Loinb’s, 263, 264 

— compound, 3(i, 39-42,120, 125 ; con- 

struction of, 39 ; path of light througli, 
40; Rezzi on invention of, 125; Jans- 
sen's, 120; Hooke’s, 128; de Mon- 
coiiv’s, 12,8: Divini’s, 129 ; Marehairs, 
135'; Hertei's, 139; Jublofs, 139 ; Cul- 
peper and Scarlet’s, 140; Martin’s, 
140; Adams’s variable, 142, 148; 
Jones’s, 144, 148 1 • 

— comparison of English and Conti- 
nental models, 254-261 
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Microscope, concentric, 191,199 

— dissecting, Greeuough’s, 102, 250 ; 
Stepbcnson's binocular, 248; Baker's 
(Huxley’s), 251; Bausch and Lonib's 
(Bames), 262 ; Zeiss’s, 353 

— horizontal, Boinumus’a, 134 ; Amici' s, 
148 

— petrological, 1068 

— photographic, 257, 258 

— radial, 191, 199 ; Ross-Wenham’s, 199 
-- reflecting, Newton’s, 132; Martin’s, 

140, 147 ; Smith’s, 145 

— simple, 36, 126, 248; path of light 
through, 25; inventor of, 126 ; Bacon’s, 
126; Descartes’, 126; Bonanuus’s, 132; 
MuschenbroeV 8, 132 ; Leeuwenhoek’s, 
132; Hartsoeker’s, 134; Wilson's, 140 

— spectrinn binocular, 327 

— three great types of, 174, 199 
Microscopes, for chemical purjxjses, 263, 

264 

— for examination of metals, 264-266 

— modern, 194-269 ; Powell and Lea- 
land’s, 194, 218, 237 ; Ross’s, 196, 230 ; 
Watson’s, 199, 218, 224, 234, 237; 
Baker’s, 202, 218, 230; Swift’s, 203, 
224, 228, 233, 1068; Leitz’s, 206, 237 ; 
Reichert’s, 206, 224, 241, 242, 264 ; 
Zeiss’s, 206, 237, 250; Bausch and 
Bomb’s, 212, 222, 239, 252, 263 ; Spen- 
cer Lens Company’s, 214 ; Beck's, 228, 
233 

- portable, 245-247 ; Powell and Lea- 
land’s, 246; Swift’s, 245; Rousselet's, 
245; Baker's, 246; Bausch and Loinb's, 
247 

Microscopic and macroscopic vision, 62 

- determination of geological formations, 
1090 

dissection, singlo lenses fur, 38 

- investigation of rocks, Ac., 1066 

— vision, principles of, 43 
Microscopical optics, principles of, 1 
Microscopist’s work-table, 398-403 
Microscopy, definition of, 397 
Microsomes, 531, 537 

Micro - spectroscope, Sorby - Browning, 
323-327; Swift’s, 325 note\ Hilger’s, 
325 note 

— method of using, 328 ; in petrology, 
1083 

Microsphere of certain Pom 802 

Microspores of Sphagnacete, 674 ; of 
Hhizocarpeoi, 681 ; in carboniferous 
trees, 682 ; of Itfoetf^ce, 082 ; of Selagi- 
nellexi’, 682; of Fohjioma, 760; of 
sponges, 857 

Microtome, 458-475 ; Ryder’s, 401; sim- 
ple, 458-460; Thoma’s (Jung’sl, 461- 
469; freezing apparatus for, 4G'7; Mi- 
not's, 472; Rtrasser’s, 472; Gudden’s, 
472 

— Cambridge rocking, 469-472 ; advan- 
tages of, 472 

— freezing, Hayes’s, 472 ; minimum 
thickness of sections with, 473 ; Cath- 
cart’s, 474 
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j Microzo’ospores of 557 ; of 

! Vlvay 561 ; of llydrotUdijon^ 565 
' ‘ Mildew,’ 637. See Uredineie 
1 Miliohx, shell of, 799 ; encrusted with 
I sand, 810 
I Milhla;., 802 

I Miliolida^ 801 ; in limestone, 1090 
Miliolina^ 802 

: Milioline Foramin\f'eYO ^ fossils of, 801 
I Miliolitc limestone, 1090 
Millepore, resemblance of Fohjtrpm<t to, 
824 

Millon's test for albuminous substances, 
_517 

Mineral nature of Eozoon, 843 
’ — sections, where to get made, 1067 
Minerals and rocks, bibliography of, 1071 
note. 

— optic axes of, 1079 

— refractive index of, 1080 

^ — chemical, spectroscopic and micro- 
scopic testing of, 1078-1083 
: Minnow, circulation in tail of, 1057 
Mirror, 191-194 

— opalescent, as a substitute for polaris- 
ing pnsin, 194 

— replaced by rectangular prism, 192 
Mites, 1008, See Acarimi 

MlJbiuB, on mineral nature of Eozuvn, 343 
; Mohl (Von), on protoplasm, 530 note 
Moist-stage, Dallinger and Drysdale’s, 
341-344 

■ Molecular coalescence, 1099-1102 
Molguhi, development of, 917 
Mollusca, larvftj of, collecting, 529 
. — shells of, 919 ; shell- structure of, 919- 
925 ; colour of shell, 921 ; mantle and 
shell-growth, 925 ; palate of, 930 ; de- 
velopment of, 933 ; ciliation of gills, 
940 ; organs of sense in, 940 ; biblio- 
graphy, 942 ; resemblance of barnacles 
to, 967; ‘liver ’of, 1047; muscle fibre of, 
1050; internal casts of, 1090; concre- 
tionary spheroids in shelLs of, 1100 
Molluscan shells in mud of Levant, 1085 
Monad-fonn of Mkrogroniia, 787 
Monadince^ life-histories of, 755-763; 
saprophytic, affinities of, 756 ; effect 
of temperature 011, 761 ; nucleus in, 762 
Monads, 755. See Monadino’ 

Monas, 575 

— DaUingeri, life -history of, 756 
-- lens, 755 

Monaxonida, spicules of, 859 
Monazite, 1081 

Moncony a (De) devises microscope with 
field-lens, 128 
Monerozoa, 727-738 
MoJiocunlus, 871 

Monochromatic light, 321, 417, 431 

— illumination, means of obtaining, 417, 
418 

MoxocoTYLmoNs, 700 ; stem of, 700 ; 
nodes of, 701 ; epiderm of, 712 
, Mouocotyledouous stem, fossilised, 1083 
Monocular, Powell and Lealaud’s, 194, 
19.5 
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Monocystk ogiltSy cyst of, T'lO 
Monophyes^ digestion in, 8(j3 note 
Moiwsujaf fission of, 764 
Monothalamous Fora min if era, 71)(i 
Monafropa, seeds of, 724 
MoracecBi laticiferous tissue of, C95 
MonhUiv beetle, eye of, facets in, 1)83 
Mormo, scales of, fiSO 
Morpho Menehiii^ scales of, iJTfi 
Morula of higher animals compared u’ith 
‘multicellular' Protuzoa, 72(5 
Morula of Gantropoihi, 5)35 
Moseley (H, N,>, on skeleton of pharynx 
of holotlmriau, 895 note; on (lhiton’>i 
eyes, 941 
Mosses, 669-674 

— capsules of, wooden slides for mount- 
ing, 450 

‘ Mother-of-pearl,' 922 
Moths. See Lepidoptera 
Motion, spiral, 4B3, 4;-14 
Motor nerves, 1053 
Motorial end-plates, 1053 
‘ Moulds,’ 640, G43 
Moults of Entomoitraca, 964, 965 
‘ Mountaiu-flour,’ 622 
Mounted objects, keeping, .523 ; labelling, 
523 ; arrangement of, 524 
Mounting plate, 452 

— instrument, James Smith's, 454 

— thin sections, 477 

— in natural balsam, 480 ; in aqueous 
liquids, 481 ; in deep cells, 182 

— diatoms, 481, 624 ; Ophitiridn, 481 ; 
Polycystuice^ 481 ; sponge -spicules, 
481 ; chitinous substances, 481 ; palates 
of gastropods, 481 ; sections of horns, 
itc., 4B1 ; Lejiidoptera scales, 982 ; 
hairs of insects, 982 ; eyes of insects, 
986; blood, 1038 

— media. 517-522; camphor water, 518; 
salt solution, 519; white of egg, 519; 
syrup, 519; Kipart and Petit’s fluid, 519 ; 
glucose media, 519 ; chloral hydrate, 
.519 ; gum and syrup, 519 ; glycerin 
jelly, 519; Farrant's medium, 520; 
glycerin and mixtures of, 520 ; Canada 
balsonr, 521; Dammar, 521; Styrax, 
521 ; monobroinide nf naphthalin, .721 ; 
phosphorus, 521 

Mouse, hair of, 1030-1031; cartilage in 
ear of, 1046 

Mouse’s intestine, villi of, 1062 
Mouth, suctorial, of Hemiptera, 999 

— of Acarina, 1009 
Mouth-parts of insects, 989 
Movement, interpretation of, 431-434 
-—of Lieberkuehnw, 732; of Amceba^ 

744; of Dalhngerid^ 758; of plana- 
rians, 946; of Arteniia, 960; 
ehipitft, 960; of fly on smootli surface, 
1001 ; of white corpuscles, 1037 ; of con 
nective tissue corpuscles, 1041; of 
OfieiUatnridreee, 547 ; of desmids, 580; 
of diatoms, 601; of Bacterid, 652; of 
Ci/wj/o, 774 

Mucilaginous sheath of desmids, 580 


iciun-iitatiou I, 
(541 


• in )cnT. lulicili-r.us tissuu of, (;9,7 

7-2|; 

Mnllcr ,,n tin' H4(! ; .u 

un a of Xouortim's, 9.71 
AliUlcrs li-r.! ‘Ciiiiimon Nervous Svs- 
tem ill Pi)iij-:<u!, ;H)7 and antr 
Multicellnliu' ovgiiiiisms 7“>(: 
Midtiplic-aTion of P„i,]u,~,Ura .741 > of 
O.. „f n, „f 
PnlmrlL,^ of Bnrinbu 652; of 

Mirrtifjriinu^i^ 7:16; of Ania'ha, 744; 
rjf Dalluupria, 758; of HrtnvwHa, 
Telrawitu^^ 76<l: id Sortiliira, 
(()9y of Prridtniiit» 776; of Siirfuriti, 
784; of 777 

IMnltiplying power of eyc-)>ieec, 290 
Muuier Chalmas and Sohlmnbergcr, on 
dimorphism of Furrittiiiu/rrit, H02 
Muuicr-{!hailcs, on certain fossil Fora- 
iiiiiiijrra, 5(U 

Mnricra cfmifyo/o, spicules of, h 80 
eye of, 98? ; antpun;i' of, 988 
irondtoria, eggs of, 

‘ Musciirdme,’ 64.7 
Miiaci, 670-674 
yfusrintae, 673 
Muscle-cells, 10.71 

Muscular fibre, 1948; structure of, 1049; 

capillary network in, 1662 
Muscular tissue, preparation of, 10.70 
Mushroom, 647 
- spawn of, 647 
Musk-deer, hair of, 1030 
Musscheiibrook’s simple microscope, 132 
Mussels, See Unionidir and MiitHaene 
Mija arena ria^ hinge tooth of, 924 
M vc'ple of Firnyi, 633 ; of J at it a (/iuctc, 636 
M)lcetoz<>a,m 
Miiliohiifea, tooth of, 1025 
Myobia, 1608; legs uf, 1010 ; inaxilbe of, 
101(1 

Myohiuhe, 1013 
Myocewtes, legs of, 1010 
‘ Myopliau-layer ’ of VorfieeUa, 773 
Myojiy, 118 

MyrwpInjUum s,goo& weed to collect, 527 
MvkioI'Oua, hairs of, 080 
Mijriothcla, ioLrarellular digestion in, 


Mijfiloeea', sub-nacreous layer in, 924 
Mytih/ti, for ohservation of ciliary motion, 
940 

My,i'umwh(P, 6:34 
MijjcogaitrciiA’i'ii 

Myjuimtirrfes, 579 note, 634; develop- 
ment of, 634, 63(5; sjiores of, 631, 036 ; 
swanu-spores of, 634; affinity with 
Moncivwoo, 727 
^lyxo^poridia, 749, 752 
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Nachet, on ‘ immersion system,’ 27 ; his j 
binocular, 1)7, 1)8, 99; his chatting 
nose-piece, 298 

Nacreous layer in molluscan shells, 919, 
922, 924 

Naegcli and Schwendcner, on microscopi- 
cal optics, 67 

Niigeli’s theory of formation of starch, ! 
695 

Nails, 1629, 1083 i 

Nais, 955 I 

Naphtlialin, inonobromide of, as a mount- 1 
ing medium, 521 ; refractive index of, I 

621 i 

Na rcissiis, spiral cells of jKjllen- chambers 
in, 720 

Nassuldj mouth of, 774 
Kuuplinn, compared with PedalionidcFf 
792 

Nautiloid shell of Foraminiffnt^ 797 
Nautilus, 929 

Navlcida, 590, 697, 617; markings on, 
598 ; cysts of, 597 ; zygospores of, 597 ; 
zouzygospores of, 597 i 

hifrous, presumed relation to Sm'i- 
nlla uii<‘ rocora, 602 note, 

— in chalk, 1087 

— lyru, as test for definition, 426 

— rfionihoides, markings on, 592 ; as test 
for definition, 420 

Naviculeie, frustule of, 589; osliolcs in, 
590 

— characters of, 616 
Kehalia, carapace of, 962 

Needles for dissection, their mode of use, 
^457 

Negative aberration, 27, 360 note 

— crystals, 1074 

— cye-pieces, 376, 377, 378 

Nelson, on the sub-stage condenser, 72 
note ; on ghostly diffraction images, 72 
note.] his model, with Swift’s fine- 
ad]ustraent screw, 172 ; his horse-shoe 
stage, 179, 228 ; his fine adjustment to 
the sub-stage, 185 ; his screw micro- 
meter eye-piece, 271; his new' micro- 
meter eye-piece, 272 ; his ‘ black dot,’ 
277 ; his plan for estimating edges of 
minute objects, 277 ; his changing nose- 
jiiece, 294 ; his revolving nose-piece, 
296 ; on rings and hrushes, 819, 320 ; 
his means of obtaining moncK;hromatic 
illumination, 323 ; his lamp, 404 
Nelson and Karop, on fine structure of 
diatoms, 591 note 
NeniaUou imtUiJidHm, 631 
Nematodes, desiccation of, 946 
Neinatoid worms, 944 
Neniertine lar va, 961 
Nepa, tracheal system, 995 ; wings of, 
1000 

— rnnnf ra, eggs of, 1005 
Nepenthes, spiral fibre-cells of, 698 
Nereidis, 948 

Nereocystis, 627 


Nerve-cells, 1061 
Nerve-fibres, 1052 

Nerve-substance, 1051 ; mode of prepara- 
tion, 1054 
Nerve-tubes, 1061 
Nervurea of wing of xlgrion, 994 
Nettle, hairs of, 714 

Nearoptera, 973 ; eyes of, 987 ; circula- 
tion in wings of pupa, 994 ; wings of, 
998 

Newt, red blood-corpuscles of, 1034 ; cir- 
culation in gills of larva, 1057 
Newton’s reflecting microscope, 132 
' ' suggestion of reflecting inicroscope, 
145 

— rings, 1097 
Nicol prisms, 318 

Nicol’s analysing prism, 294 ; for resolv- 
ing strife, 381 
Nic-otiana, seeds of, 724 
' Nidaiuentum ' of Gastropoda, 934 
Nitella, 676 

Nitric acid as a test for albuminous sub- 
stances, 617 

Nitrogenous substances, test for, 517 
Nitzschia, 602 

— scalaris, cyclosis in, 587 

— sigmoidea, 606 
Nitzschiea’, 606 

Noctiluca, collecting, 629 ; tentacle 
(flagellum) of, 766, 768 ; ciliura of, 7fi6 
note ; protoplasmic network of, 767 ; 
reprcxluction of, 769 

— milians, 765-769 
Noctuiiia, ante note of, 988 
Nodes of monocotyledons, 701 
Nodosaria, 819 
Nodosarince, shell of, 797 
Nodosarine shell, sandy isotnorphs of, 

816 

Non ion inn , 829 

— shell of, 797, 798 

Nonionine shell, sandy isoinoi-ph of, 814 
Non- stereoscopic binoculars, 105 
Non-striated muscle, 1048, 1950 
Nose-pieces, 291-295 ; centring, used as 
sub-stage, 228; Brooke’s, 291; Beck’s 
rotating, 291 ; Powell and Lealaml’s, 
291 ; Watson’s dustproof, 292 ; Zeiss’s 
calotte, 292; centring, ^3; Nachet’s 
changing, 293 ; analysing, 294 ; Vogan’s, 
294 ; Nelson's revolving, 295 
Nosema booibycis, cause of pebrine, 661 
548, 549; as gonid of lichen, 
651; Ttseiiiblancc of Ophrydium to, 
778 

iYcsfocact'ce, 548; affinities with Bacteria 
and Myiomycetes, 652 
Notochord in 911; of A 2 } 2 >en- 

diciUaria, 918 

Notonecta, 987 ; wings of, 1000 
Nucellus, 685 
Nuclear stains, 491-494 

— spindle, 638 ; plate, 538 
Nuclein, 637 

Nucleoli, 534 
Nucleoplasm, 587 
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Nucleus, 534 

— action of ucetic acid on, 517 ; its im- 
portance to cell, 535 ; division of nii.S • 
.fra^entation of, 538; preHume’tl ab- 
sence of, in some forms, 727 ; initiative 
action in monads, 762 

— and cell division, lUllJ note 

Nucule of Chara, 577, 570 
Nudibranchs, iiidamentjum of, 034 • em- 
bryos of, 936 ’ 

Numerical aperture, 20, ,53, 60 390 
425; formula for, 390; problems 'on 
SOI ' 

— of dry objective,_ 891 ; of water- 
iimnersion, 391 ; of oil-iiniiiersion, 391 

and resolving ix)wer of obiective 

393 

— apertures, table of, 84-87 
Nuramuline layer of Eozntin, 840 

— plan of growth, Parker and Rupert 
Jones on, 827 note 

Xu mrn uliniila’, 826 
NinmnuHiefs, 826, 827, 831 
- distam, 832 

— garananifik, 832 

— hevigata, 832 

— .ftriata, internal cast of, 834 

— tubuli in shell of, 800 
Nununulitic limestone, 831, 835 1085 

1090 ' ’ 

Xn 2 }har luU’n, parenciiyine, 087 ; stellate 
cells of, (587 

Nymph of . Ire n/io, 1009; of OribnfUtce 
1009 


0 

Oak, size of duels in, 699 

— galls, 1003 

Oberhiiuser's spiral fine adjustment, 153 

Object-glass of compound niicroseope, 
36, 39; of long focus, 40; of short 
focus, lO; capacity of, 382 

Object-glasses, power of, 44 

— - testing, 381; Abbe's method of 
testing, 384-387 : clinplnngms for use 
in testing, 385; Knpp's method of 
testing, 386 

Object-holder for Tlioina’s (Jung’s) mi- 
crotome, 464, 465, 4(56 

— changer, Zeiss's, 293 

Objectives, achromatic, 19, 32; aplatiaiic, 
19 ; apochromalic, 19, 30, S4, 80 ; (;or- 
rected, 20, 21 ; inrmersion, 28, 34, 58 ; 
ajverture of, 43, 65, 390; iiuwimuin 
aperture of, 44 ; comparison of, 46 ; 
illuminating power of, 54 iwfv ; im- 
mersion f>. dry, 54, 79 ; dry, with balsam 
mounted objects, 55 ; dry, 58 ; dry, for 
study of life-histories, 81 ; penetrating 
power pf, 83, 393 ; sliding plate with, 
290 ; rotating disc with, 29L1 ; of wide 
aperture, 369; of small aperture, ex- 
amination of, 388 ; tests for, 388, 394 ; 
resolving power of, ami numerical aper- 
ture, 393 
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ri i/ :’-62' 

i>U,357;3(i; 

Martm’s,l47: Mavz.dP-. 
o ridlvs, 354; Selligue’s, 351' 
350, soo; pnwoirs' 
-V'.. ;8inith’s35G,3fiO;Weuhaiu’s; 

o'll , enve-rs for lue with. 439 
‘ipwhrf.iniitie, 366, 370, 371-37.^, 

^fii’uduetiou 

^i nii-apKtehromatK.',' 35^374 37.-, 

~^;.il )mmersin,,, Powell and Lealand’s. 
/-r.’ fTolUs', 364; 

^H-ss,3p); Leitz’s, ;374; Roieherfs, 
8w,tts, 375; Roeks, 375 
Bmisch and I,oml/s, 375; Watson's 


- i (n^ell and Lea. 

lsnd s,362,3f;r,; Piaznmwski and Hart- 
nack'e, 362: Zeiss's. 370 
Oblifjue ilhniiinatioip 
— illuminator. i;)9 ’ ’ 

OMUeration of structure by diaidnagnis, 


Orcliiale, (lalileo’s, 122, 123 
Occhialino, (Taiileo's, 121 124 
Oceanic sediments, inicrosconin examina- 
tion of, 1092 

Ocelli of plaiiariaiis, <147 ; of insects, 982 
986 ' 

Oeellites of com[x>iind eye, 982 
Ocular, 40, 375; spectral, 327 
O^nlDguniacece, 572 
(Ed agon ill 111 ciludmii^ 573 
CEiiotheni, pollen-grain, 7-21; emission 
of polleii-tnbes of, 722; embryo of, 723 
Oil for immersion lenses, suggested by 
Amici, 29 

of cedar-wood, for immersion objec- 
tives, 29 

Oil-globules, 429-431 
Oil -immersion, 2iJ 

- objectives. See Objeelives, oil- 
immersion 

Oils, solvents for, 517 
Okedeii, on isolaliotj of diatoms, 624 
note 

OfrrHfder. e4>ideT]U of, 714; stomates of, 
716 


Olivine, corroded erystals of, 1072 
Owdiidhiin, eyes of, 941 
Oitcidiiaii, spiral cells of, 663 
Onion, rapliides of, 696 
Oiigones nf FtiMcf/crm, 563; (A Sjihfnv- 
j)!ea, 572; of (Edufjoniuni, 572; of 
Cham, 577 ; of Furaceie, 627, 628; of 
Ft'ivnospome, 608 
Oiilitie grains, 1084 
Oiiphyte in ferns, 680 
ObspluTCs, use of the term, 53>7 iiofp\ of 
Voh'o^, 556; of I'nfoduThi, 563; of 
Spha'rniden, 570: of (Eildgoniiliiifi'u'i', 
of Cham, 577: of PhceoHporrcCyO'il \ 
of Ftfcavne, 628 ; of Mairhantia, 668 ; 
of ferns, 679 
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Oiispores, 640 ; of Fo/t^OJ, 556; of Vau- ^ 
ckeria^ 566; of AchlyHf 565; of 
Sp^ut’i'oplcci, 572 ; of (IHdogoniiimy 573 ; 
of Chura, 579 ; of Fiicaceta, 628 
Ooze, Glohigerinu, organisms in, 811, 
813, 820 ; oompared with chalk, 1085 
Opalescent mirror as a substitute for 
jxilarising prism, 194 
Opaliuu, 774 

Opaque illumination by side reflector, 333 j 

— mounts, 336 

‘ Open ’ bundles, 710 
Ojiermlina, 830 ; and com- 

pared, 834 

Opercule of mouses, 671 
OphUicantlia vivipnrUf development of, 
900 note 

OphiogtossacefP, development of pro- 
thallium of, 679 

Ophioglosaamy sporanges of, 676 
Ophiothrix penfaphijJliiiny spines of, 
891 ; teeth of, 892 
Ophinrida, mounting, 481 
Ophiiiroidea, skeleton of, 891 ; spines of, 
891; teeth of, 892; larva of, 898; 
direct development in, 900 note 
Ophirydia, quantities of, 777 
Op/tryfh'«/n, cellulose in zobeytium of, 778 

— versatiky effect of light on, 775 
Ophrgodendron, 784 

Opium poppy, latex of, 695 
Optic axis of Powell and Ijealand’s No. 1, 
194 

Optical anomalies in petrology, 1078 
-- centre, 24 

— - tube-length of microscope, 158, 159 
Orals of Antedon, 901 

803, 894, 808 

— compared with IIeter(fStegi}i(i, 834 
OrbiloideSy 835 

— and Cijclochjpeus compared, 835 

— Fortim, 836 
OrhiioUiuit 824 

OrhitoUme, oeciurring with flint instru- 
ments, 824 
OrhitoUtes, 804-810 

— - shell of, 798; range of variation in, 

810 ; structure of Parlieria resemhling, 
817 ; deposits of, 1085 

— and Cyclvch/peus compared, 801 

— complnnaiat animal of, 807-809 

— iiciliaca, 806 note, 808 

— tenKhsitna, 808 
OrbiiUno, 820 

Orbuline shell, sandy isomorpli of, 815 
Orchidecey pollinium of, 722 
Orchids, mycropyle of, 723 
Orchin, pollen- tubes of, 723; seeds of, 
724 

Organised structure and living action, 
530 

Organs, 533 

‘ Organs of sense ’ in Cilurta, 775 }wte 
OriMtidee, nymph of, 1009 ; mouth-i)arts 
of, 1009; legs of, 1010; integument of, 
1010 ; auditory organ, 1011 ; reproduc- 
tive organs, 1011; supercoxal glands 
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of, 1011 ; trachese of, 1011 ; characters 
of, 1012 

Orienting small objects for scetionising, 
499 

Origanum oniteSy seeds of, 724 
Ornithorhyiic.huSy hair of, 1031 
Orohanche, seeds of, 724 
Orthopitera, eyes of, 987 ; aubeiinat of, 
988; wings of, 999 ; nymph of, 1009 
OrthoBCopic effect, 95 ; with Ramsden’s 
circles, 106 

— eye-piece, 376 

Orthosira Bickiei, sporangial frustule 
of, 595 

OscillatoTia, movement of, 547 
Oscillatoriacec^, 547 

— movements of, 433 
Oscnla of sponges, 856 

Osraic acid and fatty structures, 517 
OamundUy sporanges of, 676 
~ regalisy protlialLiuiu of, 679 note 
Ossein, of bone, 102:i 
Ostiole of conceptacle of corallines, 632 
Ostioles of Nauh'wfaeerc, 590 ; of Cijm- 
belleiTy 590 
Ostracoda, 960 
Ostrenceepy shell of, 923 
Ostrich, egg-shell of, 1101 
Otoliths compared with artificial concre- 
tions, 1100 

— of Mollusca, 941 
Ovarium of Folyzoa, 907 
Over -amplification, 88 
Over -corrected objective, 20 
Over-correction, 358-360 
Overton, on VolvoXy 556 note 
Ovipositor of OribatUhe, 1012 
Ovipositors of insects, 1002-1004 
Ovule o! Pliaiietogaras, 684 

— sus^xjusor of, 534 

— structure of, 684-685 ; development of, 
722 

Ovum of Hydra, 866 
Oxytricha, a phase in development of 
Triehoda, 780 
Oxyuris vermicularis, 944 
Oysters, shell of, 923 


P 

Pacinian corpuscles, 1053 
PalsBoiitology, use of microscojx in, 1083 
‘Palate ’ of Gastropoda, 919, 930; claBsi- 
ficatory value of, 932 ; preparation of, 
932 ; viewed with polariscope, 933 ; 
bibliography, 933 
Palese of grasses, silex in, 715 
Palisade-parenchyma of leaves, 716 
Fulin, stem of, 701 
Palmellay as gonid of lichen, 651 
— cruenia,, 558 

Palmellor.ecPy ] frond of, 558 
Fahnodkiyon, 559 ; zoospores of, 559 
Fahnoglwa inacrococca, life-history of, 
541, 542 

Fatpicornky antennae of, 988 
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Paludina^ infested Ijy Disfoma, <J4(j j 

Pancreas, 1047 

PaTidonna, 545 } 

— morum, generative process of, ‘i'h ; j 

ftwarra-spores of, 557 

, laticiferous tissue of, fifio 
Paper-cells, 440 ] 

Parabolic illuminator, HlO; speculum, 

33a; reflector (Sorb A), 1:184 
Paraboloid illiiminatof, 816 
Pajaffin, solvents for, 496 _ ^ 

— imbedding method, 496-508 

— for imbedding, melting I'wiut of, 500 

— mounting, sections, 501 

— cells, 446 

Paramecium, Cohn’s experiments on, 

748 ; contractile vesicles of, 776 
Paraphyses of Piicciaia, Oilfl ; of lichens, 

650 ; of mosses, 671 
Parasites, nourishment of, 582 
Parasitic Cmsiacta, 905 

- Fungi, 638 
Parietal utricle, 533 
Parker (T. J.), on Hydru, 863 
Parhefia, 817; a possible Stromato- 

jmroid, 617 note 
Parnasnia, seeds of, 724 
Parthenogenesis, 1007 note 

— in Saprokgnue, 640 

P ansi flora ccerulea, pollen-grains of, 721 
Passi florae, pollen-grains of, 721 
Paste-worm, 945 ^ ^ 

Pasteur’s solijtion for growing yeast, 646 
note', his experiments with Badena, 
660,661 

Patella, slmll structure, 928; palate of, 

pdh of rny of light through a compound 
microscope, 40 
Pathogenic bacteria, 658 
Pavement epithelium, 1044 
Pear, constitution of fruit, 693 
‘ Pearl oyster.’ See Mekagrim 
Pearls, i>2;l 

‘ P<5btLne’ in silkworms, 661 

Peccary, hair of, 1030 

J‘ect€n, prismatic layer m, 924 ; palhai 
eyes of, 940 ; fibres of adductor muscle, 
1050 

Pectinihranchiata,'yd'l 
Pectinidee, sub-nacreous layer m, 924 
Pedafion, 792 

Pedalionidfe, 792 _ • , 0.1 

Pedesis, 431 ; experiments m, 4s.- 

56(1; oi, 56^ 

Pediastrum, zoil spores, 567 ; micro- 
zoospores, 567 
— Ehrenhcrgii, 568 ^ ^ 

— grannlainm, 5C6-56B 

— periuiium, 568 

— tdras, 568 i * 'j 

PedicellaritB of ecliinids and asletiQ^ 

PedicelVmt, lophophore of, 999 
Pedicvlaris pahmiris, 723 

— sglvaiica, embryo of, 723 
Pedunculated cirripeds, 967 


petal of, 719; poll 


— van'iUiii!! in hliape of shell in, 797 ; 
kIicII c/I. 7911; varietal forms of, xu:> 

Penetrating jjower, 42,1 

— - m ohjeetives, K8 ; of objective, com- 

paiL'd witli illiimiiiatiiig power, 898 
Penetration, 8s. .so m;; 

Pniidlliuiii, fenilevifal.ioii by, 647 

— - ijloiii'HiiK 643 

(istrrii/s, skeletrei uf, 892 
Prititddiuii, wings of, loot* 

Peony, slarcli in cells of, 69 1 
' Pc[)p(‘rw{>i'ts,’ 6.^1 
Perception of depth, 94 
Perch, scales of, 

Perforated shells of Binf.li'iipodii, i)2tt 
Pei'fordtioiiof sliellin pDi'riwiiiiU'ni, 799, 

800 

Perianth, 718 

FrricJiliiiiii/diiiiii pridi'j-fum, 8.51 

Pcrif/ridVr.TTO. 771 

Perii]i>n}iii) uherriiinnii.l'H'i 

Pevigone of mosses, 679 

Periodic structures. 74 

Periostracura of inolhiscan shells, 922 ; 

of bracluopod shells, 92(i 
Peripatiis, tnvche<eof, 1011 
Peritlieces of lichens, 6.50 
Perauosporea, 638't)40 
iVroyyfiom, respiratory sac of, 91.5; cir- 
culation 01,915 

‘ Perspicillum,’ Woclderboni’s, 125 
Petals, 718 

Petrohia Idpuhim, eggs of, 1009 
Petrological microscope, Swifts, 1068 
Petrology : micro-spectroscope in, 1081 ; 

micro-chemistry in, 1082 
Pettenkofer's test, 517 
Pdxiiia, seeds of, 724 
Pcdza, iotnjtk-iomi of, 645 
Pfitzer, on reproductiau of diatoms, 594 
Fha‘ 0 (l(iria, 852 
Ph (f'ospurcce, 625-627 
I Phagocytes, 1937 note 

, Phdhdiia ventilahrinii,Kr^ 

P/i ttffiis, 647 

PH.vxF.noGA^iiA, woody structures, pre- 
paration of, 514 

— embryo-sac of, frce-cell formation in, 

-delation of, to Cryptogams, 682, 684 
and 'iofc ; structure of stems, tvc._, 68,1, 
700 ; structure of cells, 686-688 ; mter- 
rai'dialc lamelk, 68,8; intercellular 

snM'es,n8,8;ceIl.wallof,692;sclerogeu, 

(■>93; spiral cells in, 693; laticiferous 
tissue of, 695; mineral deposits m cells 
of 6% ■ woodv fibre in, 696 d seg., hbio- 
.s vascular bundles, 697 ; root, structure 
’ of, 706 ; epiderm of leaves, <Y!{uy 

flowers of, 718 ipolleii.grams of, 719, 

fertilisation of, 722; ovules of, ti-, 
Phaigwii' Sn P»,«r.wr..oi>A 
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PhilonthuH, aiitennse of, 988 
Phloem, 710 

— of Exogens, 697 
PholaSy shell of, 924 
Fhoronia, 9,10 

Phosphoreaceiice of sea, due to NocHlnca, 
765 

Phosphorus, as a mounting medium, 521 
Photographic microscope, Zeiss’s, 257, 
258 

Photometrical eq^uivalent of different 
apertures, 50 

Photo- micrograph through eye of Lam- 
vyris, 084 

Pnoto-mierography for micrometry, 277 ; 
projection eye -pieces for, 880 

— Campbell’s differential screw used in, 
165 

Phryganea, eye of, 983 
Phycocyanin in C'hroococ.cacp.(P^ 547 
Phyco-crythrin, 631 
Pliijconujces nitem, 641 
Phycopluein, 626 
Phylacluhemata, 009 
Phyllite, 1077 itoie 
Phyllopoda, 962 
PhyUosomata, skeleton of, 968 
Phymrnm album, development of, 635 
Physria parietina, 650 
Physma clMlaganum, 650 
Phytelephas, endosperm of seed of, 693 
Phytophthura hifestans, 639, 649 
Phyfopti, mouth-parts of, 1010 
PhytoptidfC, 1008; characters of, 1014 
Phytoptns, larva of, 1009 
Picric acid, 485 
Picro-cavmine, 489 
Piedmontite, 1095 
Pieridtr, scales of, 975 
Pigiiieiit-cells of cuttles, 94*2; of ver- 
tebrate skill, 1042; of fishes, 1043; of 
Crustacea, 1043 

Pigmentura nigrum, of eye, 1043 
Pike, scales of, 1028 
PileorJa'za, 710 
Pileus of AcpfabuJard), 563 
PiUdium gyram, !)50 
Pilulina jvffmj'iii, 812 
Pimpernel, petals of, 719 
Pines, pollen- grains, showers of, 722 note 
Pinna, structure of shell of, 919-922 ; 
prisms of shell of, in Ghhigerina ooze, 
1086 ; prisms of, in chalk, 1087 

— - nigrina, colour of shell of, 921 

PinnuJariu , 617 ' 

— dadyluH, 621 

— ywbilin, 621 
Pinm aimtdenslfi, 443 
Pipette, 351, 476 
Pisolitliic grains, 1084 
Pistil, 722 

Piteher-phiut, spiral fibre-cells of, G98 
Pith, arrangement of, 700, 762 
Pitted ducts of Phanerogams, 699 
Placoid scales, 1028 
Plagioclase felspar, 1080 
Plunar'ui, stomach of, 946 


POL 

PUmarue, 946; movement of, 945; ns- 
sion of, 947 ; ocelli of, 947 ; intracellular 
digestion in, 863 
Planarians. Bee Flanarite 

— allied to Cteyiophara, 883 
Plano-concave lens, 13 
Plano-convex lenses, IS, 15, 22, 37 
Plaivanrhulina, 824 

Plantago, ‘Plantain,' cyclosis in, 691 
Plants and animals, differences between, 
531 

PlanuliB, 868 

PlanHlaria hexas, in chalk, 1087 
j Plasinode in cells of Nitella, 579 note ; 
of ALihalinm, 634; of Myxomycctes, 
635 

Plasmodium of Protoray xa. aurantiaca, 
i 729 

Plastid, contrasted with cytode, 727 
Plastidules, flagellated, of Protomyxn, 
729 

Plates, calcareous, of Holoihurioidm, 
895 

; Pleochroism, 1078, 1098 
Pleocliroisni, variations of, 1080 
; Pleurosigma, 588, 617 
; — diffraction image of, 71 

— angidnium, 69-71; as test for defi- 
nition, 426 ; markings on, 51^, 593 

— formomm, as test for definition, 426 

— Spencerii, sporules of, 597 

Pliny, on cauterisation by focussing sun’s 
rays, 117; on sight, 118 
Phnma, 791, 792 
PUnnatfAla, collecting, 528 
‘ Plumed-moth,’ wings of, 999 
Plumule of Pieruhv, 975 
Plutarch, on myopy, 118 
Plufeii.fi larva of echinoids, 897-899 
Podocyrtis cothumaiu, 847 
- mitra, 847, 852 
— Schomhurgkii, 849, 852 
Podophrya quadripartita, 784; imma- 
ture form, 785 

— elongato, 785 
Podosplivnia, sporules of, 597 

Podura scale as test for high powers, 
389 

‘ Podura scales,’ 976, 979 
Pmluruhc, 979 
Pointer in eye-piece, 3bl 
Poisons, micro-chemistry of, 1103 
Polarisation tints, 1080 
Polariscope, condensers for use with. 
314; for examination of gastropod 
imlates, 933; crystals for use witli, 
1097; list of objects for, 1099 
Polarised light, rings and brushes of mine- 
rals under, 319,320; for insect work, 
423 ; use of, in micro- petrology, 10(>8 
Polariser, 318, 319; achromatic conver- 
gent for, 1070 note 

Polarising apparatus, 317-319 ; condenser 
for, 814; Swift's illuminating and, 319 
Polarising prism, substitution of opales- 
cent mirror for, 194 
‘ Polierschiefer,’ 617 
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Polishing ground sections, 511 

— seetiotis of hard substances, 50G 

— -slafco, 617 

- -stones, 508, 617 

Tolktci (waspi, with attached monld, 

042 

PoUen-chainbers of anthers, 720 
— grain and tube, 684 
--grains, 719; form of, 720; expen- 
ments with, 721 '• 

■" mass, of orchids, 722 

— tube, 721 , , . , 

— tubes^ traced through the stjue, m 
Pollinium of orcliids and asclepiads, 722 
PoUinoids of Floridece, 6:12 ; of lichens, 

650 

Polyaxial spicules, 859 

PohjeeUs Uvigalua^ 947 

PolifcUnidcs, 910 

Poiyajstina, 846, 851 

Poiycysf»«n, as test for. low powers, 

Sti9 ; inoimting, 481 
Poludesmulc^, 981 

‘ Po'lygastrica,’ Khreiibergs erroneous 
views on, 756 

PnhjgonuMi, pollen-grams of, r21 
Pohjtmrphina^i^'lQ 
PoJyomitmiua Argun, scales of, .f7<> 
Polyparics of zoophytes, 862 
Polypary of hydroids, 867 
Polypes, 863. See Hydrozou 
Polypide.of Po/i/zoti, 906 ; formation of 
buds from, 907 
Polypidom of zodphyte, 904 
Polypite, of hydroids, 867 
Pohjpodium, son of, 675 
Polyporun, 647 , 

Polystichum anguhur, apospovy m, 680 
Poli/sfomello, shell of, 797 
- /raticulnta, 827, 829 

- rrinpa, 827, 829 
Polythalamous Faraminifem, 790 
polutoma j/yeflnjlifO'history of, <59 
Polgtrema, 824; raotle of growth com- 
pared with Eozoijn, 838^ 

■— mhiinreuin, colour of, 799 
PoUjfrirhuut commiate, 670, 671 
pob/xonis lagurus, hair of, 981 ^ 

- -X hair of, as test for objectives, .-<89 , 
as test for definition, 426 

Pohjzoa, collecting, 527, 529; keeping 
aiivo, 528; ‘cell’ of, 904; structure 
of 904 ; gemnne of, 906 ; muscular 
avstem, 907 ; sexual reproduction 
907: ‘colonial nervous system, 
and no/c; fresh-water, lophophore of, 
909; epistome of, 909; classification 
of the group, 909; bibliography of, 
910; relation to Brachwyoda, 

‘ liver ' of, 1047 

Polyzoaries in coralline crag, KWO 
Folyzoary, 904 
Pond-stick, 526 

Poplar, pollen-grains of, 722 
Poppv, laticiferoiis tissue, GOn ; seed , 
723 

Porcellawa, 801-810 


I'orcdiaiioiis sh<>lls of l\ii-iiiinuit‘n'i. 

7', 10; <4 (hiAngtotht, !i2,s 
■ - and vitri.'ons PuroiiuiiiU'ni, difTcrcin v 
in, 799-sitl 

Poreupiiic, liair uf, 1030 
Pores of sposij^es. sr>i) 

Pdiplnjr'u tryclifigyue of, ti;l2 
Povjiliyrilir- ei vsial's, j-lass inclusions in, 

1074 

‘Portalile’ niieroscope, 24.5-247 ; Powell 
and Lciilitn-i’s, 2}i) ; Kdijssclet’s bino. 
euiiu', 2-45 ; Swift’s. •>}.', ; Halter’s, 24t’. ; 
Bauscli and Lonii/s, 217 
PoriHnnn, skeleloij of, 9tW 
Positive aberration, i-iiid luitc 

- - eye-piece, 43 

- - eye-pieces, .377, 37x 

Potash, Ciinslic, action on horny snb- 
stances, .517 
Potato-disease, 841) 

- stardi-grains of, 895 
- tubers, starch in, 894 

Powell (T.l, foriuidii for objective, 3-4 ^ 

Powell and I.eahnul’s hoinogenemis im- 
mersion objective, 3(1; ihiorite lenses, 

35; high-power binocular, 185; sub 
stage, IHi;, 19.5, 1911; their mic:rosco|ius, 

194, 2l«, “2.37; portable microscope, 
“245; rotating nose-pieces, 291 ; aelno- 
mtuic condenser, 301; acliromulic oil 
condenser, 302; apocbromalic con- 
denser, 30“2 ; dry acliroiinUic condenser, 

S09 ; chromatic oil condenser, 319 ; 
condenser for [xjiariscopo, 314 ; bull’s- 
eye, 333 ; vertical illmninator, 337 ; 
protecting ring for coarse adiustniont, 
3,5‘2 ; water-immersion objectives, SfVl, 
364; inch objective, for observation 
of cyclosis, 089 ; objectives for study 
of monads, 70“2 

Powell’s fa,! microscope, 155; fine mf- 
jiistraeirt applied to the st.igp, 155 

— lenses, 361 

— fine adjustment, 174 
Prasinowski and HartiiiK-k’s water-im- 

raeision objectives, 3(i“2 
Prawn, skeleton of, pigment of, 989 
Preparation of vegetable tissues, aU 
Presbvopy, 118 
Preservative media ol t-fi 

Priman' tissues of 1 (’rtf’hmtd, lOli 
Priiaoidial cells, ada, 536 

— utricle, 533 ; of dcsiiiids, 580 ; of Pha- 
nerogam cells, 688 _ 

_ chamber in Foniminfeid, <98, oi 

Orbifofifes’, 808 

< Prince’s feather, seed of, <-3 
Princifile of microscojnc vision, 43 
Ptiuciplps of microscopieal optics, 1 
P g iK-to. .™ sncrrtve l.r«ce,s „I 

Prism, roftsciioii)'!-. 8. 

(I8' Steplienson’s erecting, iw 

substitution of opalescent 
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Prism, Nicol’s, 318; Nicol’s analysing, -j 
for resolving striae, 381 ; Abraham's, 
401 

- refracting angle of, 9, 18 
Prismatic epithelium, 1044 

— layer in molluscan shells, 919-925 

— • layer of shells compared with enamel, 
920, 1025 

— shell -substances imitated, 1102 
Prisms, recomposition of light by, 18 
Prist is, tooth of, 1024 
Pritchard's doublets, 298 

— microscope with Continental fine ad- 
justment, 153 

Privet hawk-moth, eggs of, 1005 
Problems on refractive index, 5 
Procarp, of FI oriel ece, (532 
Projection eye-piece, 380 
Proinycele of Puccinia, 637 
Prosenchyiiiatous tissue, 696 
Protetis, red blond-corpuscle of, 1036 
Prothallinm of Sphapieicecr, 674 ; of 
ferns, 677; of Equiseteicece, 681; of 
Fhizoceirpaee, 681; of Lycopodiacecc, 
681 

Protococciis, as gonid of lichens, 651 

— phivialis, 543-547 ; life-history of, 
543; multiplication of, 544; zoospores 
of, 544 ; mobile and still forms of, 545- 
547 ; encysted, 551 

Profomyxa aumntiaca, 727-729 
Protoneme of Bcit racJtospennu7ii, 575 
Protophytes, 530, 651, 726 

— mounting, 518; mode of nourishment 
of, 532 ; movement by cilia and con- 
tracting vacuoles of, 535 

Protoplasm, 530 ; vital attributes of, 531 ; 
eontinuitv of, 588, 630; of Bhizupoda, 
733; of Xoc/j/Kcrr, 767 
Protoplasmic substance in Vertebrcita, 
1017 

Protozoa, 726-785 

— mode of nourishment of, 532 

‘ Pseudembryo ' of Antedouj 903 
Pseudo-navicellye, 751 
Pseudo-parenchyiiie of Fmipi, 633 
Pseudopodia of Protenni/xa, 728; of 
Vavipi/reda, 730; of Lielerkurlnna, 
731 ; of Fhizopoela, 733 ; of lieticu- 
h/r/'r;, 734 ; of 734 ; of Lohosa, 

734 ; of Gromia, 735 ; of Microejroniin, 
736; of .lr/ino^)/n7/s, 738 ; of Amwba, 
743; ol Arvelln, Ac., 746; in Amecha- 
pliase of monad, 757 ; of Eosoon, 841 ; 
of Globigeri/ut, 822; of ReuHoUnia, 
847 ; of eiuloderra cells in zoophytes, 
862 

Psc n do ra p h i de er , 599 
PseudobCO[>e, Wheatstone’s, 92 
Pseudoscopic effects, 95 
— ■ effect with Ramsden’s circles, 106 

— vision, 92 
Pseudo-scorpions, 1008 
Pscudo-stigmala of Orihoiida:, 1011, 

1012 

Pseudo-trachCcC, on fly's proboscis, 990 
note 


‘ Psorosperma,* 752 

Pieris, aori of, 675 ; indusium of, 675 

— serrulaia, apogajuy in, 680 
Pterocanium, 852 
FterodactyluSy bones of, 1092 
Pterophorus, winga of, 999 
Pteroptus, 1012 

Ptilota, 630 
Puccinia gramiitis, 637 
Puff-ball, 647 , 

Pulvilliof insects, 1001 ; cockroach, 1000 
note 

Pupa of NeiirojAera, circulation in, 994 

— stage of fly, 1007 
‘ Purple luver,’ 632 

Purpura, method of examination of egg- 
capsules of, 939 ; supplemental yolk of, 
938, 1007 

— lapillus, nidamentum of, 934 ; develop- 
ment of yolk-segments of, OS'? 

‘ Puaa-moth,' eggs of, 1005 
Pycnogonida, 957 ; related to ArarJinida, 
959 ftote 

Pyrola^ seeds of, 724 
Pyroxene, andesite, 1976 
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Quadrula symmrii'ica, 747 
Quartz -porphyries, 1072 
Quartzite, 1077 

j (^uckett (E.), on Martin's microscope, 
j 140; on production of raphides, 690; 
I on preparation of tracheae of insects, 
997 ; on minute structure of bone, 
1092 

‘Quills’ of porcupine, 1030 
Qainqueleyrnlum, 802 


1 Radials of Antedon, 901 
I Radiating crystallisation, 1097 

Radiation of light in diflereut media, 53- 
58 ; in air and balsam, 55-57 
lladioiaria, collecting, 529; fossilise^^ 
forms of, 846, 854 note\ central caji- 
sule of, 847 ; skeleto)! of, 848-854 ; zoii- 
xanthelhe in, 848 ; bibliography of, 853 
— colonies of, 848 ; distribution of, 853- 
854 ; mounting, 854 
Radiolarian, shells in ‘ ooze,’ 108(5 
Rainey, on presumed cause of cattle 
plague, 752 ; on nioleouhir eoalesceiK-e. 
1100 

Ralfs, on British desmids, 579 notv ; 
classification, 585; on Nifzschia and 
Bacillaria, 606 
Ramsden circles, 106 
Ramsden’s ‘ screw micrometer eye-pieec,’ 
272 ; [X>sitive eye-piece, 42, 378, 380 
liapliuh'ef, 599 

Raphides nf Plianerogams, 69fi; of plants 
and sponge-spicnles comiiared, 860 
Rays, scales of, 1028 
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Reagents, mode ol labelling bottles, 40i! 

Real image, 14 notr ^ formation of, 23, ‘24 

— object image, 875 
Recomposition of light by prisms, 18 
Red ant, integument of, 974 

— blood- corpuscles of VcUhrata, 1034; 
size of, in various Veriehnita, 1035; 
relative sizes of, iji various Vctielmhi^ 
1036 

— coral, 877 * 

— corpuscles, flow of, 1056 

‘ Red snow,' due to FahneUo 
558 

‘ Red spider,’ 1013 
Red spots in jfn/«-90ri«, 775 
Reflector, Sorby’s parabolic, 334 
Refritcted ray, 2 

Refracting angle of a prism, 9, 18 
Refraction, 57 

— angle of, 3 

— of liglit, laws of, 2, 3 

— by plane surface, 3, 4; by curved sur- 
face, 5 ; by prisms, 8, 0 ; by lenses, 10- 
25 

Refractive index, absolute, 2; of water, 

3 ; relative, 4, 5 ; of crowJi glass, 5 ; 
of flint glass, 5 ; of balsam, 77 ; of gum 
styrax, 5*21 ; of Canada balsam, 521 ; 
of monobromide of naplitbalin, 521 ; of 
phosphorus, 521 

— - of silicious coat of diatoms, 521 

— indices of air, of cedar oil, of water, GO 
Reichert’s loups, 38; bis lever fine ad- 
justment, 171; his microscopes, 20G, 
210, 2‘24, *241, 242, ‘2G4-2GG; liis objec- 
tives, 374, 375; bis tbermo-reguliUor, 
153 

Reindeer, hair of, 1030 
Reproduction in Actlnophrij^ 710;^ of 
Acfino^lAia'i'huv^ 741 ; of ClaOiruhna, 
742; of Euijhjphu, 71G; of sponges, 
857; of C(iii>pa7}>thirii(h(, 870; sexual, 
of A»///con, tin? ; agamic, of Eutunto- 
afrftro^ 963 ; agamic, of Aphides, Ac,, 
1(106 

Reproductive organs of AcuruK', Kdl 
,Rei'' 1 'IT,ks, kcuiue in bone of, 102‘J ; 
cement in teeth of, 10'2G ; plates in skin 
of, lO'ifi; epidermic appendages of, 
lO’iO; red blood corpuscles of, 1034, 
1035; inuack- fibre of, 1049; lnn,gs of, 
1063 

Rrsf'df?, seeds of. 724 
Residuary secondary spectrum, 3ti5 
Resins^ sulvorits for, 517 
Resolving ixiwcr of objeclives, 83, 42a 
— - of object-gla,sscs, 41 ; of lenses, 64 ; 
of objective and luinu'rieal aperture, 
75, ;hV3 

Resjuration of insects, fippartilus of, 224 
Respiratory organ of spiders, 1014 
IhAe }tnti‘Os/(in, 1042 
JS’eri'/mru, calcareous polyzrtU'ies of, 202 
liHinihirUi, 783 ; characters of, 7''’.:!: ox 
am pies of, 734-737 

Rofictilated ducts of Iflianerogams, (ii)S 
Retiniilus 988 


Hcvolving nose-piece, NcUini's. 2'.c> 

Rfzzi, on iiiv(‘iilion of wjiiipouuil mitro- 
seopn, 125 

Jiluihthl HOlhnU, Hl;5 

— 815 
Uhiihii'alitJuiK 847 

- - srrpfrKjH, 847 

Eliabdolitlis, in (.balk and limfsioiu', 

1(184 

Rbabdmn, 283 
Jil/iilxhiplfirrn , !)()',) 

sieiii of, 7(13 

Ehfopha.r nnhiihm, 815 
-- srtirp’iKrtis^ 815 
Rliiiuxeros, born of, lti:3;j 
Rhim-tirpftp, ('181 
Rhizoids of mosses, CG:) 

Rliizoine of ferns, (175 
RHtzoi'oju, 733-747 

protoplasm of. 5;R ; ectosiuc of, 534 ; 
•skeletons of, 725; sai'code of, 1018; 
pseudopod iai network of. 1(153 
PiJii::(ifiolf}nu, 614 
■ cyclosis ill, 5.87 
RVizohIuwu^ 874, 876 
Rhisnfn. 720, 791 

pollcii-gralns i>f, 722 
Rhfi<lfip.prn)trcp^ 574 
Ebodosi'cniiiii, 631 
i?/iodo,vpo;-rrf, 4)‘25 
Ithopahxaniiiio oruafion, 852 
Rhubarb, stellate rapliidcs of, tlUG; spiral 
duds of, (‘'22 

J{]n//H'li<ni('Uii}(P, shell struetiu'e of, 1127 
Ribbons of sections, 464, 462 
Ptibe.^, pollen-lubes of, 723 
Rice, sillcificd ejiidenn of, 715 
' Rice-pa]wr,' 687 
Rice- starch, 625 

Riddell's binocular inicroseoiw. 27 
Ring-cells, 446-4 18 

Rivalto (Giordano da', on invention of 
spectacles, 118 

Rkiihi/Uimr, honnogones of, .548 
Eoael). scales of, j(i‘28 
Tf'x-hcu fdlcdlti, cpiderm of, 7l4 
Eoek. ground-mass of, 1072: lluxion- 
slroct lire of, 1673 

- >('clIons, method of e.vamliiiug, 1681 
Rocks, iiiclboil of making r-eetious of, 
]ik;6-1ii 68; inctainorphism of. 1676 
Rodents, liair of, 103(> 

Rent of Plnmerogains, structure oi, 706 
rt snp 

Rout -cap. 716 
f7(i.v((h'(ni 728 

; Rose, glandular hairs of, TU ^ 

Russ i Andrew', on eorvcction of object 
’ L’lass, ; bis early forin of ticliro- 
miUic microscope, 15‘2; nii.vbanicul 
movements of llis stage, 153; liis mu: 
adjustment, 1.53, 173; on illmmualion 
of’ objects. 300; bis iUTOigcinent for 
ha-kiiig coarse adjustments^ :;52; bis 
aclu-iimalic ('bjcchYPS. 3i)b-a..>8; his 
lever of contact fur testing covers, 



1172 


INDEX 


ROS 

Ross's (Andrew) ‘ Lister ' microscope, 153 
Ross, nrodel, l‘.)7 

— and Co.’s inicroscopes, 19R, !i80-238 ; 
camera lucida, 285, 2H(i 

Ross-Jacksuii model, 109 
Ross-Wenhani’s radial microscope, 199 
RoB5-Zentnia3’er model, 198 
BotaJia, 824; iutei'iuediate skeleton of, 
625 

-- aspera^ in chalk, 1087 

— Beccoi'u, shell of, 797 

— Bchroetcrinna, 825 
Rotalian series, 823 
Eotaliincf, colour of shell, 799 
Rotaline shells-of Fomminifera, 797 

— shell, sandy isomorph of, 814 
Rotating disc of objectives, 290 
Botatoria, 753. See Rotif-rra 
Rotifer vidgam, 1S7 

Rotifera, collecting, 527 ; keeping alive, 
528; a food of Actiuaphrys,'i‘d^ de- 
scription of, 78(5-792 ; habitats of, 786 ; 
structure of, 787-790; niastax of, 787 ; 
Ivrka of, 787 ; contractile vesicle of, 
789; males of, 790; eggs of, 790; clas- 
sification of, 790, 791 ; desiccation of, 
791 ; bibliography of, 792 ; preparation 
and preservation of, 793, 794 ; wheel 
apparatus of, compared with velum of 
gastropods, 930, 939 ; winter eggs of, 
964 ; non-sex ual reproduction of, lOOC 
Rotten-stone, 617 
‘ Round worm,’ 944 

Rousselet’s binocular portable micro- 
scope, 245; Ins tank microscope, 268; 
his conipressoi'ium, 846 ; his live-box, 
346 ; his method of preparing rotifers, 
793 

Royston-Piggott constructs first aperture 
table, 80 
Jlttgosa, 877 

RumUi crntcegufK, eggs of, 1005 
Rush, stellate tissue in, 687 
Rutile in clastic rocks, 1975 ; a secondary 
mineral in slates, 1076 note 
Rj'der's microtome, 401 


S 

Sabellaria, tubes of, 948 
Sable, hair of, 1030 
Saccdmmiiuf in limestone, 1090 

— Carteri, 812 

— apherica, 812 
Sdcchtroniijces cereviaUe, 645 
Saccharotiujeeies, 645 ; zymotic action 

of, 645; endospores of, GlC 
Saccalahium qHitatum, spiral cells of, 
693 

Sachs, on Chara, 579 note 
Sago, starch-grains of, 695 
Salivary glands, 1047 
Salmon, Hcale.s of, 1028 

— disease, (540 

Salpat, diatoms ui stomach oL 614, 623 
Safpid(e, 911 


SCH 

Salpingceca, calyx of, 764 
Salt solution as a preseiwative medium, 
519 

Salter ( J.), on the ‘ teeth ’ of Echinus, 
800 

verhemca, spiral fibres in seeds 
of, 693 

: Sand-grains surrounded by silica, 1075 
i ‘ Sand stars.’ See Ophiuroidea 
I ‘ Sand- wasp,’ 974 r 
j Sandy isomorphs [Foraminif&ra], 814 
; — tests of Lituulida, 814 
. Santonine, crystallisation of, 1096 
i Sap-wood, 704 

i Srfprnlegnia, alliance with Achlya, 564 
' note 
— fenix, 640 
' Saprolegniie J 640 
I Saprophytic, Baderia, 658 
— fungi, 633, 642, 647 
Sarcocystids, 752 • 

Satcode, 530 note, 531 ; of Bhizopoday 
733 

Sarcolemma, 1049 
Sarcoptea scahiei, 1013 
Snrr.optidre, mandibles of, 1009; maxillte 
of, 1010; hairs of, 1010; legs of, 1010; 
characters of, 1013 
Sarcoptinic, 1013 
Sarcoapvridiay 749 
S(trgass}(ni baccifertim, 630 
Sarsia {Medusa of Syiicorgne), 869 
‘ Saw- Hies,’ ovipositor of, 1003 
■ Saxifraga, seeds of, 724 

umhrosa, parenchyme of, 688 
Saxifrage, cells of ])ollen-ehatnhers, 720 
ScaJariform ducts of ferns, 674; as modi- 
fied spiral ducts, 699 
‘ Scales,’ covering eihdermof leaves, 714 ; 
of EUeagnus, 714 

-of Lepidoptera, 975, 976; of Colfio- 
ptera, 975 ; of C urculio i nq)crialis, 975 ; 
of LyrcenidiE, 975, 977 ; of Pierida', 
975 ; as tests for objectives, 976; 
of insects, markings of, 976; of 
Thgsannra,dn on wing of Lepido- 
piera, 999 ; of fishes, 1026 ; of reiJtiles, 
1026, 1029 

Scallops. See Pecten 
Scarab(ci, antennne of, 988 
‘ Scarfskiu,’ 1041 

Scdtophaga siercoraria, eggs of, 1005 
Sccnedesmna, megazoiispores of, 566 
Schists, 1077 

Schizogenous spaces in Phanerogams, 
68H 

Schizvmgcvtt-s, Gal-CGl 
Schizonema, 602, 617 
— GreviJUi, (518 

: — gelatinous sheath of, 588, 617 
Schizvne.meie, character of, 617 
Schnetzler, on movement of Oscillatorin, 
548 

. Schott (Dr.) and the improvement of 
object-glasses, 32 

Schriider on binocular vision, 105 ; his 
camera lucida, 285 
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SCH 

Schultz’s method of maocrating vejre- 
table tissues, 700 

Schultze (Prof, ^^ax), oil identitv i.,{ 
‘ sarcode ' and ‘ protoplasm,’ oiJO ucAc ; 
on cyclobis in Diatomarece^ 587 ; uii 
afRiiity of Carpenteria^ 828 
Schulze {Prof, P, E.), on soft parts of 
EupUctella, 8G0 note 
Schwendeuer, on lichens, 648 
ticirtopoda^ 791, 792 '* 

Scissora, spring, 457 
Sclerenchyme of ferns, (174 
Sclcrogen, 698 

Sclerotesin Fuiuji^ 636 ; of \f i/x(jinycfif>i 
036 ’ 

ScMlopendrium, indusiuin of, 675; snri 
of, 675 ; sporanges of, (i7(» 

Scorpions, 957, 1(X)8 
Screw-collar adjustment, 35 m 
Scrophularia, seeds uf, 724 
‘Scyphis^oma ' of C'/yoncrt, 875 
Scytonenia, as goiiid of liclien, 651 
Sci/toneniacece, 548 ; hormo^onos of, 548 
Sci/tosiphun, conjugation of, 627 
Sea-anemoue. See Actinia 
Sea- anemones, intracellular digestion in, 
H03 

Sea-fans, 877. See Gofyottiip 
‘ Sea-jellies,’ 8.53 
Sealing-wax varnish, 44 I 
‘ Sea-mats,’ 908. See Flmtm and 
brunrpord 

Searcher eye- pieces, 378 
‘ Sea-slugs.’ See Doriv, EoUh 
‘Sea-urchin,’ 884. See Echiniif; 
Sea-weeds, 6'25-()32 

— coiilinuity of protoplasm in, 538, fioO 

— red, G30 

Secondary spectrum, 19, 31 ; overcome 
by Abbe’s objectives, 36.5 
Section lifters, 477 ; cover-glass as, 478 

— mounting, 477, 501, 506 

Sections, ribbons of, 464, 469 ; of hard 
substances, .5tl(5; of bones, 506, 510; 
of coral, 50ll, 510 ; of enamel, 500 ; of 
fossils, 506; of shells, 506; of teeth, 
• 506, 510 ; of hard and soft substances 

together, 510 ; of Plianerogsin tissues, 
699 

pollen-grains of, 721; seeds of, 
724 

Seeds, 6 85, 723 

Segmentation of Gastrojwla egg, 935 ; 

of annelid body, 948 
Seiler’s solution for cleaning slides. 43Sl 
Sehif/iiudla, archegone of, homology of, 
6H.5 

i^fhgineUtnr, 682 
Selenite ])lates, 318 
~ blue and red, 319 

— stage, 319 

— with mica film, 319 

Selligue’s achromatic microscope, 148, 
150; objectives, 354 

Semi-apochroinalic objectives, 3.5 ; of 
• Leitz, 374; of Reichert, 374 ; of Swift, 
375 


1^73 


•^'''eprrnrinti, seeds oi, 7: 
Seneca, on uiiignifving by 
Stmse, organs of, in 
Sensory iieivcs, 1053 


■ org.ins ,1 

Sepals, 718 


'f sponges, 850 


er, lbs 
940 


-Vyoo, pigment -colls, 942 
Sviduhi, (,f_ 1140 
‘Sepmstaiiv’.if cnltle-iidi, m 
■>-* ; omtiitions of, 1102 ’ 
Septa ill sliell of Fonne.bo'hy,- 
804 


lUctui’o (O', 
’1, 79(t, 8 o;{, 


Si'fialti, 

907 


ipresniiKd nevsTins system in, 


Serous moniln-ano, 1041, loj-i 
Serpuln, tubes of, 948 
-SV/'/'feor/(d/, imteiime . 4 . ;i.s 7 
Srrinhirm cai,rvss'uiu^ >'71 
Srrl/dnriidit^ gonozoMds uf. m 7 (}- z,,;;. 
_ pliytic stage of, 877 
Ifessile cirripeds, 967 
Seta ()l JTtiiiiOjitf I'is, 953 
‘ Sewage fungns,’ 653 
Sexual fructifiealioii uf V'ty/fbm/jfyO-s- 

.540 i .f t 

~~ generation of Vi.ilvo-i'. 555 
Shadbolt, on stnictiirc of A/achnoidinnix 
61-2 ’ 


Shadbolt’s turn-table, 151 
Shadow ('fleets, 61 
Shark, dentine of, 1023 
Sharks, scales uf, 1028 
Sheep -rot, 945 

Shell, bivalve, of Osiyiin-'l,i, ‘.mo 
-calcareous, of 733; of 

^Tirroyroniin, 736 

- silicious, of Dirfuoi ijJn. Co'.hiiudla, 
773 


^ of Foraminifi'm, 796-80] ; of Luiiiel 
hbranchidid, of Biuchiaiioda, 
919 

Shellac ceinent, protc'ction against, cedar 
oil, 444 

‘ Slieil-fisli,’ 919. Sec Molhoicn 

Shells of nacreous layer of, 

919, 922, 923, 924 ; pi i:,nwtic layer of, 
919, 920, 921 ; colour of, 921 ; an ex- 
cretory product, 922; sub-niu-reous 
layer of, 923, 924 

— of Br(tchwpv(l(ty 925; periostracuin 
of, 926 ; perforations of, 926 

— of Gafflriipoda, structure of, 928 

— of Cirripi'dia, 968 

‘ Shield’ of C(7irth/, 773 

Shrimp, concretionary spheroids in skin 
of, 1100 

Shrimps, skeleton of, 969 

Side retlcctor. 333 

■- lever, short, fine a«ljustmcnt, 174 
— Swift’s vertical fine adjustment, 
173 . , 

Siehold, on agamic reproduction m bees, 
1006 

Sieve-plates, 710 

Sieve-tubes, 710; in Exogens, 69 1 

SitiiUariiC, 682. 1084 

Si'iene, seeds of, 724 
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SIL 

Silex in Eqid^eiace(B^ 680 ; in epiderm of 
grasses, 715 

Silk glands of spiders, 1015 
‘ Silk-weeds,’ 569 
‘ Silkworm,’ eggs of, 1005 
Silkworm diseases, 645, 661 
Silpha, antemiEe of, 988 
Simple magnifier, 37 

— miovoseope, 248 
Sines, law of, :> 

Siphonareci't 562-564; Munier-Chaiies 
on fossil forms of, 564 
Siphonostomata, 965 note 
Siricidce, ovipositor of, 1003 
Sirodot, on alternation of generations in 
Batracho&peymumf 575 
Skate, muscle fibre, 1049 
Skeleton, dermal, of Vertcbrata, 1026 ; 
fossilised, 1090 

— fibrous, of sponges, 857 

— silicious, of HeUozoa^ 734; of liadio- 
laria, 846 

— of sponges, 855 ; of zoophytes, 862 ; 
of Eehnoidea^ 884; of AsteroideUi 
891;of OphiiiroideayH^l'tOl Ci'innidea^ 
892; of fio/of/iknofdea,894; of-dJi^e- 
f/o//, 901 ; of Vertebmta, structure of, 
1020 

Skill, 1041 ; pigment-cells in, 1042 ; capil- 
laries in, 1062 
Skip- jack, antennae of, 987 
Slac^k, on the costae of FinnuLaria^ 617 
Slack’s optical illusion, 428 
Slide-forceps, 453 
Slides, glass for, 438 
Slides for cultures, 340, 311 
• — Seiler’s solution for cleansing, 439 
Sliding-plate of objectives, 290 
Sloths, fossil, teeth of, 1024 
Slug. See Umax 
Sing’s eye, 911 
Slugs, Bofifi'va in, 787 
Smell, organ of, in insects, 1000 
Smith’s Cassegrain ian microscope, 145 
146 

Smith (H. L.), on Tolies' binocular eye 
piece, 101; his vertical illnminatov 
336 ; on classification of diatoms, 599 
Smith (James 1, his microscope, 1.15; on 
use of buirs-eye with high powers, 
381 ; his achruuiatic lenses, 3.56 ; bis 
separating lenses, 360; liia mounting 
iiistruuiciit, 4.54 

Smith (T. F.), on markings of diatoms, 
593 

Smith {W,j, on cyclosis in Dudomarcic., 
587 ; on species of diatoms, 600 note ; 
on habits of diatoms, 619 
Smith (W. H.),on structure of frustules, 
590 note', on movements of diatoms, 
602 

Snail, 930; eye of, 941. See Helix 
— muscle of odontophore, 1050 
Snake, lung of, 1063 
Snaixiragon, seed of, 723 
Snell’s ‘ Law of Sines,’ 49 
Snow, crystals of, 1095 


SPH 

1 Snowberry, parencliyme of fruit of, 688 
1 Snowdrop, pollen- grain a of, 722 
Soda, caustic, action on horny substances, 

, 517 

; Soemmering’s simple camera, 278 
I Sole, scales of, 1026, 1027, 1028 
] Solen, prismatic layer in, 924 
i Solid cones of light for minute observa- 
! tiou, 419 
i — eye-pieces, 378 ' 

’ — image, 95 

— objects, delineation of, 88; correct 
appreciation of, 88 

— vision aird oblique illumination, 61 
Sollas, on sponges, 855 note ; on the ex- 
tensions of the perivisceral cavity in 
Polqzoa, 927 

Sorby (H. C.), on microscopic structure 
of crystals, 1066 
Sorby’ s parabolic reflector, 834 
Sorby-Browuiiig’s mici’o-spedroscope, 
323 

Soredes of lichens, 649 
Sori of ferns, 675 

Bound-producing apparatus of crickets, 
999 

Spdtanpidinm, 610 
Spatangus, spines of, 889 
‘ Spawn ’ of mushroom, 647 
Spectacles, invention of, 118 
Spectra, diflraction, 67 

— artificial, 324 
Spectral, ocular, Zeiss’s, 327 
Spectro-niicrometer, bright-line, 82.5 
Spectroscope in micro-chemical opera- 
tions, 1103 

Spectroscopic tost, 324 
: Spectrum, 19; irrationality of, 19 

— binocular, microscoi>e‘, 327 

— map, 325 

j — natural, 324 

. — of dark lines, 323 ; of bright lines, 32:) 

! Speculum, parabolic, 333 ; Lieberkuhu's, 
j 331-336; in Smitli’s illuminator) 336 
Spencer Lens Company’s Microscopes, 
211, 215 

i Speimathec^ of Gomtimhe, 1012; of* 
TgrogUjphuhe, 1912 

Spermatia of ,638; of lichens, 659 

Sperm-cells of Thullophi/tcs, 536; of 
Volrox, 55.5 ; of ferns, 678 ; of sponges, 
8.57; of Hgdra,bi){\’, of Folgsoa,W~ 
Spemiogones of Fnccinin, 638 ; of 
lichens, 6.51 
Spha cel (trio, 626 
Sphocelc, 626 

Splucrio in caterpillars, 645 
Epluerophd niuinlina. 570-572 
Splucrozasma, rows of cells in, 583 
SplKcrozoum ovadinun'e, 85:3 
SphagnficefP, 673 
SpliuijiiKin, leaf of, 673 
Sphenoggne fiperiosa, winged seed of, 724 
Spherical aberration, 14, 15, 31, 299, :'591, 
300, 387 

diminished by Iluyghens’ objective, 

42 
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SPH 

Spheroidal concretions of carbonate of ' ^ 
Time, 1100 

Sphingifhp,^ antenn* of, 

SphinXy eye of, 987 ; anteiune of, flS8 
~ liyusiri, eggs of, lOOo 
Spicules of alcyoiiariaiis, 880 

— Of sponges, 837 ; their names, 830-800 
- silicious, of sponges, 837 

— calcareous, of sjxuiges, 837 
Spiders, 1008, 1011-1016; mieroscoph; 

objects furnished by, 101 1 ; spinning : 
apparatus, 1015 
Spindle fibres, SHB 
Bpir\nerets of spiders, 1015 
Sphiiy lobster, metamorphosis, 980 
Spiracles of insects, 995, 990 
Spiral ceils in Flianerogains, 695 ; mode 
of preparation of, 091 

— crystallisation, 1096 

— focussing arrangement for projecLion- 
leiis, 300 

-- vessels of Phanerogams, 098 ; obser- 
vation of, in pitu, 719 ; of plants com- 
pared Tvitb tracheie of insects, 995 
Spinfen<he^ perforation in shells of, 

m 

Spiriirrina mstmia, shell of, 917 
dUiM, 819 

-- - sandy isomorph of, 814 
SpiriUnni, movement of, 433 ; granular 
spheres of, 600 note 

— iindula, 659 

— I'oJidana, inovcment of, 652,653, 650 
Spirit, dilute, as a preservative medium, 

518 

Spirochce.fe, 653 

Sp'uwji/ro, 549, 556 ', -attacked by Vaiaiitj- 
reUa, 730 

tSpirohiHif a varietal form of Ihuieropfis, 
803 

SpirolocuUno, H02 
5pfrnf(),029 

— shells of, bearing Protomiixa, 727 
SpirKUno, movement of, 548 
Splachnum, sporange of, 669 

Splenic fever due to BnciUm anthmeis. 

. 056,061 

Sponge-apicules, 857-860 

— mounting, 481 

— in CarpeiiierKf, 822; in mud of Le- 
vant, 1085 

Sponges, 855-862 ; skeleton of, striiotiu'e 
of, 855, 856; reproduction of, 857; 
habitat of, h 61; preparation of, 861; 
bibliography of, 802 note 

— fossil, 1989 
Spoil S(tl 
Sponpolithis oaciilurk. 620 
Spongy parenchyma of leaves, 716 
Spontaneous generation, 701 
Sporange of t'iinfji, 6'>3; of 

cctes, 6:-l(>; of Jlfnre/mntm, 665. 668; 
of mosses, 671 ; of Sphafiiniccii'^ 673 ; 
of ferns, 675 ; of Eijin^etaiw, 680 
Sporangia of Lijcopudiueiye in coal, 1084 
S^wangiophorcs of Mitivi'ini, 619 
Spore, use of the term, 537 >iofr 


(,f X(.^b,r, 549 ; If;,., . i. 

M, iiOn; (,f Prn,>(v-punt‘\ m 

; of nil l^^(s. (i'() ; tif 

lcrn», rielliiici I'nr Mmlvinu 

fO-n-i-i, ; 

1:0-1, 1 ^ i;m|. of (iSg ; tif 

grng;,m;,s. 751 ; Moms /Jn/Zf/ny, 

r)i ; Mj ii, 

-- 9i6-j>,n kin-).; <541 «-Z-' 

- rc;i!ng,..f ( lo,i:.j,honirnr.:,ri 

Sp-*Hilst,i f Purrinin 

Spfinie:irii>-i’ .i.sr,„„;,,r/- ,s, 611 

Sjiiirogi,iic i,{ musses. 

SpiinplKir.'-, ..f OOC,; r.f 

(i;;9; of .1. se- -n, v, 

BiKirtjpbyie in ferns, (isi) 

,Sporn;;-/n, 74'.i-752 

Sporuh's of :,97; of ]‘}riir»- 

'*97 ; of P(}i!tiiijj}ir)ii(i , 597 
Spot-lens, ;!16 
Spring-clip. 15:! 

— ]>ress, 4.5:i 

• - scissors, 457 
‘ Spring-tails,' 979. Sec 
Squid, 942 

Squirrel, hair of, Hr-O 
Stag-beetle, anlenme of, 9:s9 
Stage, liorse'>hoe, Nelson's, 179, 223: of 
the inicrosc'Oiic, 175-1.34; ijUalities 
needful in a, 177 ; eoiiceiUi'ic, rotatory 
motion of, 179; in ibe ‘ (.’mitmeiitwi ' 
iiKKlel, 259; graduated rota-rv for ^l^c 
with apertoineto)', O'.la 
-- att;K'Iiable, sinqde form, l«ii : Swift's. 
180 ; Allen’s (Baker's.', 1H1 ; Keiclicrt's, 
183; Bausch and lamibS, 18!!, IM; 
llayall's, 1«3 ; Zeiss's, l.S:l ; Beck's, 1^4 
— forcep?, ;WS 

— -micrometer, 270, •274, 288, 290 
-moist, :.-fl 

. — plates '340 

— ihermoslatie, 344-346 

— Tnvreirs, 176 ; lVatson’s,177 ; Zeiss s, 
179 ; Tolless 204 

— -vice, ;->;39 

'Staggers’ of sheep, due to fVHnni-v, 
944 

Stahl, on movement of desinids, .581 

Staining, 4sS 

-- regressive. 491 

— Borli'i'iOi 514-516 

-llagena.516 

Stains, iiif'i'u-i'iiaiti, 488. 489 

— for unfixed tisstics, 4 h9 

- for fixed tissues, 490, 491 

— luic'lcar, 491-494 

— plasma, 494, 495 

Ativins. solutions ('f, methylen bine, 48< 

■ Bismarck brown, 439; Congo red, a.s - ; 
inetlivl-green, 489; neutral red, 48.1; 
aleoholic borax-caiuimu*, WO; ahnn- 
C'ocliiueal. JiHl ; earmalmn WO; lueauu- 
hnn, WO. aleohohc oocdnneal. 4-B, 

lrcivhanualuKylin,49-2;'KeniS(hwar:=. 
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492; saftanin, 403; acid-fuchsin, 494; 
basic-fuchsin, 404; Lyons blue, 494; 
picric acid, 404 ; water-blue, 494 ; 
thionin, 494 
Stanbope lens, 37 
Staahoscope, 38 
Staphylinus, on term te of, 968 
Star-auise, tissue o£ testa of, G92 ; testa 
of seeds of, 725 

Starch, tests for, 517 ; formation of, 694 

— grains, 531, 535 ; mode of growth, 
694; hilnin of, 695; in CoiiJio, 695; in 
potato, 695 ; in wheat, 695 ; in rice, 
695 

‘Star -fish,’ 891. Sec Astcroidm 
Statospore of Frotumi/xn, 728 
Staurastnim, binary division of, 582; 
form of cell, 585 

— dejectumy 568 
iSfrt«rcjnr;w, 617 

‘Stauros’ of Ac^/nn'?/^/ic.s, 616 
Stcenstrup on alternation of generations, 
877 

Stein, on affinities of VoIcojc^ 551 note ; 
on contractile vacuoles of Volvox, 552 
note; on Fhigelhita, 764; on Nodi- 
Inca, 769 on Adnetina, ISnfwte 
Steinheil’s loups, 38 ; his combination of 
lenses, 38 ; his aplaiiatic lonp, 249 ; his 
loup for tank work, 268 ; his formula 
for combination of lenses, 316; his 
triple lon].»s, 378 
Sfellnrin, seeds of, 724 

— w^dia, petals of, 719 

Stem of mosses, 669; of Bnjacetei 673; 
of Sphagnaccic, 673; structure of, in 
Phanerogams, 700; of Phanerogams, 
development of, 709; treatment of, for 
examination of their structure, 711 
Slemmata of insects, 9M6 ; of spiders, 
1014 

Stenfar, collecting, 527 ; contractile 
vesicle of, 774 ; imjiressionahle organs 
of, 775 ; conjugation of, 782 
Stephanovervs, collecting, 527 ; in con- 
fiuieraent, 528 

SfejihanaUttiis spinescenn, 847 

— nodom, 847 

StephonosplKPro ])lit.virfUs, amoeboid 
phase of, 557 note 

Stephenson, on FlcunmiynHf mujulafnm, 
70 ; on ‘ intercostal points,’ 73 

— his suggestion on homogeneous im- 
mersion, 28 

— ' on Coscinodisrnu, 609 
Stephenson’s stereosi'opic binocular, 100; 

its erecting arrirngemeiit, 101, 102; as 
a dissecting microscojie, ‘248, 450 ; his 
tank microscope, '2()7 
Stereornuton mnndosK^, 650 
Stereoscope, 91 ; Brewster’s modification 
of, 91 _ 

Stereoscopic binocular, Wenham’g, 98; 
for study of opa<iue objects, 103-105 

— eye-piece, Tolles’s, 101 ; Abbe’s, 102 

— vision, 9(K07 
Sterigraata of Puccinhif 637 


8UP 

Sterile cells of Volvox^ 555 
Stichopus Kefersteinii, 895 
Stick-net for marine jvork, 529 
Stickleback, parasite of, 966 ; circulation 
in tail of, 1057 
Stigmata of insects, 995, 996 
* Stinging hairs ’ of nettle, 714 
Stings of insects, 1002, 1003 
Stipe of diatoms, 588; of Licmojdtora, 
604 ; of Gonipk(inema^ 616 
Stolon of Foranurdfetn, 796; of Eo^oon, 
839 ; of Laqunctilu, 904 ; of ascidians, 
914 

Stomach, follicles of, 1047 
Stomates, 715 

— of Marchantia, 666 
Stomopneudes tmriolaris, spines of, 888 
Stone-cavities in crystals, 1073 
Stone-mite, eggs of, 1009 

Stones of fruit, preparing sections of, 
699 • 

— of stone fruit, constitution of, 693 
Stone-wort, 576 

Stony corals, resembled by poljv-oaries, 
904 

I Stop, introduction of, 37 ; in the eye- 
piece, 42; use of, 312, 316 
‘Straight extinction,’ 1079 
Strawberry, parenchyme of fruit, 688 
Sheptoco uliis pitlrhcrriinus,mi 
Striated muscle, 1048 ; size of fibres in 
different groups, 1049 
StrialcUu u)iipunct<itu, 598 
Striafflhne, characters of, 607 
‘Strobila’ of Cyanea, 875 
Stnnnatopord, doubtful character of, 
842 

Slromatoporoids, 817 note 
Strop}tO)nenid(Cj perforations in shells of, 
927 

Stylodi/ctija gracilis, >^51 
Subevous layer of bark, 708 
Sub-nacreous layer in moiUiscan sheik, 

Sub-stage, 184-191, 262; Nelson’s fine 
adjustment to, 185; Powell and Lea- 
land's, 186; Karop’s fine adjustment 
lo, 187 ; 'IVatson’s, 187; Baker’s, 188; 
centring nose-piece used as, ‘230 
' Bub-stage condenser,’ Nelson on, 7‘2 
note] compound, 134 

— illumination, 298-316 
- simplest form of, 313 

Succulent plants, stomates in, 716 
Sucker on legs of Sarroptidir, 101ft 
Suckers on fool of Dytisens, 1001; of 
CurcuU<inid<c, lOO'i 
Sudoria [Frofozoa), 783-785 

— (Cci/sfnccfO, 965, 966 

‘ Sugar-louse,' 977. Bee Lcpinvia 
Sulphuric acid, as a test, 517 
‘ Sun-aniinalcule,’ 737 
‘ Sundew,’ glands of, 714 
Sunk-cells, 44i) 

Super -amplification, 33 
SuiX'r-slagy, see attachable mechanical 
stage, 180 
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Supplemental yolk in Puipwm, 938, 9o9, h> 

XOOT , f -nn. T 

ISurirella, 588, eon3Ugatiou ot u J9 , U 
zygo8i)oreB of, 599 ; movemeutsi ; Tf> 
Irustuk of, 606 
. - Hsenfltfl, cyeloHis in, 587 
- 621 

— constricta, 606 

— n’atkula, 6‘il 

— plicatih 621 

Sulpenscrol ovule of Phanerogams,..! - 

SutUlUjieofdebJmcla, -M 

Swarm-sporea, D36 i meaning of tei . 
SSTiiof^; o£ Pamlonmt, ao7 , of . 

Imrt, 627; of ClathruUna, tH\ pre- 
sumed, of Pelontyxa, 745 
Sweat-glanda, 1042 

ooH 283; portable microscope, -4o, 
condenser, 862, 305 ; condenser for 
314 ; mierospectroseope, 

microscope, 1068 

Symbiosis in lichens, OaO 

Simhiotes iriinlis, hairs of, 1010 

sLhioticalg* uiradiolanans,bl8 

Sviupathetie nerves, lUni 
Synalissa xijinphoreu.l^^^^ 

Synci-ijptdf 645 

i;i/nf?{fnr, 60C 

objects, I' .g „:ediuin, 519 

519 


TdniiijXKhl. <h.>ict.-;Uia!i "I, lUj 
I'/i X'-.lif'iiiPhi . Itil;! 

Ti!/ic,0)'v':ins fC ill iiisiTts, 9 !i;ij pii'n 

Tc.'ih, (ii'i-idciticatimi nf, 512 

- b.-Mliq/d, Hino 

--iii iiiiiatc of HiJO; of Lih-.r,j\ 

I'lf <i;,i(i : of 

0:;ii 

- I'll I'iiciiiif.'ii Ilf, 1028 and m-fe 

- <ii' c!!i) ; Ilf (phiufh fir, ><)■}; 

u'i i H'2:* 

-•- i:.f .'■li ihiijit, i’iiJlesJoii on enauii'l in, 
1 ' 2 S; (,t hli’ihiif'K!, Tomes mi emuiiel 
ill, 928 

Tctli-iii ni/'t>6 rcjihi Ijiifntii, lOOH 
-- w/iifw-s, liiii8 

TcgUiiienlary :\p|ieiidii,L'< s of im.i'cts, !)74 
Tek'v.-opc, P>ii)kor'» (n-i’.iinaii, 1 P) _ 
TcteiitospoiT pcncratioii ol i’ncciwfo, 


1004 , . 

rabelhn-ia 

Table of nmuerical api m 

for microscopists, ,098-40-, 

1060 , , 

■ of ascidians, 91 ( . , , . 

Tadpole’s Uil, epithebnm of, 

Tank niicroscoix’s, -60 

Tannin, test for, el ( ,, i -i 

Tapetal cells m fern anOreiid, Oil 

‘ Tape-worm,' 943 


Ttmiifninivc, i-ilect <'1, various 
mim.uU, 701 
TeniV’n, 1019 

Tentacle of X'ic/ib'c", 7i'i6, 7Vi8 
‘IVntaclcs’ of DroAf-,vi, 714 ; ol Sncfunn, 
7h7; of iii/iIm.Ol'd; of aimrlids, '.149 
Truth rxiiiuibf, ovipositor of, 1W>8 
TrfcMh, tubes of, 948; gills of, 949 
— c.(n^(:Vlb'gu^ 948 
Ttithfufuh fm/fi-i/rt, shell of, '.)-27 
Tf-rehxitxbr, shells ot, 925, 9-'i> 

Xn'jXiHfir tiiii-sieii, 608 
Ttrpwm^, chariw-ter of, 607 
Tertian- tints m msta lime bodies, IDi 

Tessellated epithelmm, 1044 

Test of GromiO; 735; oi diTcffti, t 
of l)if!Jugi(i, 746 
Testa of seeds, 725 

Abbe’s method, 884-38 1 
Test plate. •bbbos, 'o8i 
Tests sandy, of 

7 Gfl: iiiu-lensof, I'Od 

TefmiiiyrffUOlO j 

in/i-Wio, 789 

Te4ularla»formofshell,-'8 

-senes 823 

- SS'"; 

Thallopiytes,aa6^3 

Thallophytic tsfie, I* ^ 


■ phytic,' 6'ii; 

Thallusof 

026; of ■ I 873 

.- mViisrfh') 3'-'’ 



1178 


THE 


INDEX 


TJNQ 


‘ Theca ’ of mosaebi, 071 I 

TJtecaphor<tyB&S \ 

Theeata, 808, 870 
— zoi [phytic stage of, 877 
Themio-regulator, Reicheit’s, 458 ] 

Thermostatic stage, Dallioger's, 344- j 
S46 ^ j 

Thoma's (Jung) microtome, 461-469 
Thompson ( J. V augli an ) , on pentacrin oicl 
larva of 901 on Co'Hpediaf 

907 

Thomson (Wyville), on development of 
Antedon, 903 

Thread-cells of CiJiata, 773 ; of Hydra, 
864 ; of Zoantharia, 878, 879 ; of pla- 
narians, 947 
‘ Thread- worm,' 941 
Tlrreads of spiders’ webs, 1015 
Thiraminina papUhtfn, 815 
Thwaites, on conjugation of Eintliemia, 
599 ; of Mdosira, 560 
Thymnura, scales of, 977 
Ticks, 1008. SeeAcan'jm 
TineidiP, wings of, 999 
Tinoporus baculatiis, 824 
Tipiila, spirax-le of, 976 ; eye of, 98^ ; 
antenna? of, 988 

Tolies’ binocular eye-piece, 101 ; his lue- 
chanical stage, '^201 ; his imiiicrsion 
ohiectives, 302, 304; his apertometer, 
390 

Tomes (Charles^, on teeth, 1025 
Toniopteris oniaciforinis, 952, 953 ; de- 
velopment of, 954 
— quadricorrua, 954 
‘ Tongue’ of Gadrojwda. See Palate 
‘ Tortoiseshell butterfly,’ eggs of, 1005 
Tonilei cerei'i>iue, 04.5 
Total reflexion, 6', 7 
Tourmaline, pleochroism in, 1078 
Tow-iiet, 528 

Tow-nets of ChaUenger Expedition, 529 
710 fe 

Trocheie of insects, 994 ; of Ararnia, 
1011 

Tracheidcs of ferns, 674 ; of conifers, 098, 
703 

Trachelomo)i(i>f, 545 
TradeHcaiifia riryiniea, cyclosis in 
hairs of, 091 

Trayulufi javoiiirits, red blood-corpuscle 
of', 1035 

Trematodefi, 945 

Tricei'a i i u at , 5!S!S, 613 

•— as test for illumination, 415, 416 

— 593, 613 

Ji}){hri((t){77i, as test for medium 
poivers, 389 

.Trichocysts of Cdiatn, IVi 
Trichoda lyiici’KN, crawling of, 774; re- 
production of, 780, 7^1 
TWf7(or7iii(7 gro} 7 dif)flIa, a phase in de- 
velopment of V(‘rtice!l(i, 780 
Trichogyne of Cuh'orhfpfe, 575 
- of Fhriihue, 632 ; in lichens, 650 
Tridiovyinpba, 774 
Trichophoi’c of FhoitlfCPy 632 


Trichopkrya, a phase in development of 
Siictoria, 785 

Ti'igonia, prismatic Ifcyer in, 924 
Tnloculiiift, 802 
Triple-backed objectives, ,301 
Triplet, Holland’s, 37 
Triplex front to objectives, 370 
Tripoli stone, 617 
Ti'ochus zizijpliinm, xialatc of, 931 
Tro 7 nMdiida'., 100^, 1009; legs of, 1010; 
hairs of, 1010 ; eyes of, 1011 ; tracheae of, 
1011 ; characters of, 1042 
Tromhidiutn, maxillae of, 1010 ;larvK of, 
1013 

— hoJosericuvi, 1013 
Tropbi of Foiifei'a, 788 
Truncatnlbm resra, colour of, 799 
‘ Tube-cells,’ cemet:its for, 442 
Tube-length, English and Continental, 

158, 159 

Tuberculosis, bacillus of, 661 jntethods of 
staining, 515, 516 

Tnhifex )'iviiloru77i, gregarine of, 751 
Tuhlporn, 877 

Tuhiilaida, gonozudids of, 809 

— iudivisa, 869 

Tubuli in t\U77imuUtes, 827 ; of dentine, 
1024 

TubuUpora,m^ 

Tulip, rajfliides of, 690 
Tully’s (Lister’s) acliromatic microscope, 
149 ; his live-box, 345 ; his trijilet, 354 ; 
his achromatic objective, 354 
‘Tunic’ of 911 

Tl'nicata, 90 j, 911-918; zoological xmsi- 
tion of, 911; bibliography of, 918; 
‘liver’ of, 1047 
Tuf'leJIaria, 946,947 

— larVcC of, collecting, 529 
Turbinoid shell of Fvra77ii)ufei-(i, 797 
Turbo, shell structure of, 928 
Turkey-stone, use of, 508 ; constituents of, 

617 ' 

Turn-table, Shadbolt’s, 451; Gnftitb s, 
451 

Turpentine, uses of, 444, 518 
Turroll's mechanical stage, 176 
Twin lainelke in leucite, 1078 
TyJe/ichus friftri, 94-5 
Tympanum of cricket, 999 
Tyrayhjphi, nymph of, 1009; legs of, 

'1010 

! Tyroghjph'uSr, rej^roductive organa of, 
i 1012 ; chai'tu'tcrs of, 1013 


U 

Vhdhrix, conjugation of, 557 
f;?urt,560, 561 
TJh'arecr, 559-501 
Umbelliferous x>lant», seeds of, 724 
V 7 nh()nuht vrrrnevan, 906 
Under-corre(‘te(l objective, 20, 21 
Under-correction, 355-360 
Unger, on the zoospores of Vuin-Jirria, 
i 563 
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Unicellular plants, uSJi 

Ifnio, pearls in, m ; gloL'liulia oi, 

— occidf.ns, {orraati«ii o( shell in, 925 
Uniowulff, nacreous layer of, 92;5 
Unit (standard) for microscopy, HiO 
XJredimct^ (33G-tja8; aUenialion of gt-ne- 
rations in, GiJfi 
Uredodorm of PHC'ci>iW, 

Uiedofipores of Puccwk,mH 
Urinary calculi and ^molecular cnaks- 
eenceilW^ 

Urine, micro-chemioal exammatiou, 
Vtochordata, 911 
UrowKfa, trachea) of, WU 
‘ Urticating organs,’ See Tliread-cclls 

Uncffrt, 5115 


tisi-, ;;:)7 ; fill- (‘Xiimiii)iti''n of iivosU, 
itiT ; I'll- fwo-uiiiiiiig ‘apM’tiiiv,’ :;:1 n 
1 I.y,. ;i,s7 

Vii, ..f Sill 

of. 13;! 


(• cavity of P(ihfy<'t, 


Vacuoles hi vcgetahle cell, 534 1 ; 

~ contractile, ui protopliytes, .)35; of vi 
VolvOT, m 
of Adinophr!jH,1%'i 
Valine of mosses, 671 , , , 

ya!fwnc)'i«, habitat, C.kO; mode of dc^ - 

Tnonstration of cyclosis, 689,690 

V<(lvuU>ia, shell of, )98 
n mp<jvelhu T29, 730 

- ^ gouiffhweiMfiH, 729 ^ 

Variatimi! range of, in .Uf ronn/H!, 849 

VarkVs live-box, ;U(i ^ 

Varnish, test for, 443; asphaltc,41a 
Varnishes, 442-445 ; sealuig-ivax m alco- 
hol, 444 ; red, 445 ; white, 44o , various 
colours, 445 pi-,-, 

'Vascular Cryptogams, Imhs ^Mth Ph‘^' 

nerogams, C82 

Vascular papilhe of slan, 10 4^ 

Vaucherk-, 502, 563 
- Hoiifera in, 7^7 

‘Vegetable ivory,’ endosperm of, G, o _ 
Vegetable substance, preparation of, oU , 

, gum-inibcdding lor, iil4; bleaclung of, 

514 

Veins of vertebrates, 10.9) ^ ^ 

Velum, in gastroixxl larva, 

Veiiit'c turpentine cement, for gboeim 
mounts, 444 i 

of, BOO 

p7>ri»CHU. seeds of, 724 
Vertehmta, 1017-1063; ’ 

teeth of, 1023; dermal J 

14)26; blood of, 1034: red blood-cot- 
iuscle^ 1034; white blnod-corpusclcs, 
1036; fibrous tissue-s 1 638 ; skm, mu- 
causaud serous puf 

tributiou of ciliated cpilhehu , i 
It, 1045; cartilage, 1046; g auds o . 
1047; muscle, 1U4S; nervous tn-suo, 
1051; circulation. 1054; respuatiou, 
1003 


Vine, -i/r- (,!' dutU ft. ivt;) 

I'ti.iiii Ini 'ilur, jiii'ilcii Uibcs of, 724 

Viohu, tclU <,{ ^tollcu-cUaiuhcT. T20 
Virginian spiilci’-wnd, cvclosi.s in, OOl 
; Virtnnl itiii\'/o, 1 [ xftr, 21 , -j",, ;!7(; 

Yisif)!). (lc|>i]i fii, •ss, «;), int; stereoscopic, 

; sii ■ 

^ Visual iuigle, 27 

Vitrea ( sp.i 
. Vitreous cells ■ avilivopfid eye i, Osi) 

-- cji|)tical c<nn)>nuin]s, .SI 
— stielis of f(ii'(iiuinlfn'ii,lW 
‘Vitlie’df Li‘'iiiuidii,m>', (it)4 ; of seeds 
of umlellifcrs, 72) 

Vocal cords, structure, of, 1040 
V ogaivs changing uosi'-picee, 294 
Vok'AUU; ashes and dust, inicroscopiclLl 
exaiiiluatioii of, lOTi) 

Vuhrjf iiirir^ ,750-557 

Ufiicw associated with 767 

— vegetahlc nature of, 57(1 amec^ 
hiforiii phase of. 776; Kofi/cm in, 787 

— aun'ifs, cellulose in, 7,72; starch in, 

-<)l!.,h<d(,r, 550-777 ; Hagcllate affinities 
of, 771 neh' ; contractile vacuoles in, 
5.72: endcX'hromeof,,7.52; development 
and reproductive cells of, 574-5))ti 
VoriicellfK foot-staUf of, 773; cnnliac- 
tlon of foot-stalk, 774, 775; fission oi, 
7TT ; eucysli'iPiit of, 

^ ; of, ; g»^n\^ui]>iu‘ous leproduction oi, 

)( 782; conjugation of, 782 

.-- wircfwtonn', 77‘-! 


Wuldhcmk o((.sfrrths, sfell of, 926 
VVak’s model, 224; h)s hinb, 214, 
coarse adjnshneiit, 226; Ins tine ad- 
justment, 226 ^ 

IValltlower, poUon-giWS ot, 

vwheres 747; on ;/:<(* 7<(,'..- - ■ 

-'L phm for sectioning a number r 

baivl objects, 56^ mdc 

puseles, 1634 
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WAH 

Warmth, mode o! applying, ior cyclosis, 
692 

Wasps, wings of, 998, 999 ; sting of, 1003 
Water, refractive index of, 3, 7 

— distilled, for mounting FrotopJajti^s, 
518 

— milfoil, collecting, 527 
Water-angle, oO 
Water-bath, 452 

Water- boatman, wings of, 1000 
‘ Water-Heas,’ 959, JHi‘2 
Water-globnles in oil, 429, 430 
Water-immersion objectives, 302; Zeiss’s, 
370 

Water-lily, leaf-structure of, 717 ; cells 
of pollen-chambers, 720 
‘ Water-mites,’ 1013 
‘ Water-net,' or Htjdrodicttjoii, 565 
Watcr-of-Ayr stone, 508 
Water-scorpion, 995. See 2^fpa 
‘Water- snail.’ See Llmmfitu 
Water-vascular system of !frp»ir/,913 
Watson's microscopes, 199-202, 218, 224, 
284, 237 ; coarse adjustment, 161, 202 ; 
fine adjustment, 102, 172, 174, 175; 
mechanical stage, 177 ; sub- stage, 187 ; 
nose-piece, 292 ; condensers, 303, 304 ; 
objectives, 375 ; eve- pieces, 379 
Wavellite in Mifa, 924 
Web of spiders, 1015 
Weber's annular cells, 350 
Webster condenser, 308 
WcisuiaiLii, on development of Diptcra^ 
1007 

Weuham, on binocular vision, 105; on 
cyclosis of ValUs)\e7'ia, 090 
Wenham’s suggestion of homogeneous 
immersion, 29 ; his stereoscopic bino- 
cular, 98, 99 ; his prism, 98; his para- 
boloid, 31G-317 ; his achromatic objec- 
tive with single front, 361 ; his dujdex 
front objective, 362 
West, on Ch(rt(/(rir(e, 6U >uitt! 
‘Whalebone,’ 1033 
Wheat, stai'oh-graiiis of, 695 
W^heatstoiie’s .stereoscope, 91 ; his pseudo- 
scope, 92 

‘Wheel-animalcules,' 753, 786. .Vec 
Rotu'F.r.\ 

Whccl-like plates of Chirofhda, 896 
‘Wheels’ of 

Whelk, Bee Bacciwon 
‘ White ant,’ ciliate parasite of, 774 
Wlute blood- corpuscles of VeHchniia, 
1036; flow of, 1956 

— fibrous tissue, 1038-1041 

— of egg, as a preservative medium, 519 
Wliitney’s directions for examination of 

frog’s circulation, 1060 
Wild clary, spiral fibres of, 693 
Williamson ( W. C.), on Voh'o-c, 556 nutr ; 
on structure of ftsli-scales, 1027 ; on 
structure of coal-plants, 1084 
Willow-herb, emission of pollea-tubes, 
722 

Wing of A(jri(ni, circulation in, 994 
Winged seeds, 724 


ZOO 

I Wings of insects, 998-1000; of Ptero- 
] phorm, 999; venation of, in Neuro- 
ptera, 998 

I Wodderboni, on Galileo’s invention of 
‘ compound microseope, 121, 125 
Wodderborn’s ‘ perspicillum,’ 125 
i Wollaston’s doublets, 86, 158 ; his camera 
! lucida, 278 

; Wood, arrangement of, 700, 702 ; concen- 
tric rings of, 70I>; fossilised, 705, 1083 
i tVooden slides for opaque objects, 450 
I Woody fibre, 696 
i — tissue of ferns, 674 
i Working eyc-pieccs, 378 
I Worms, 943-956 


X 

Xylem of Exogens, 697, 698, 710 
Xylol-balsam as a preservativi* medium, 
‘518,521 


Y 

Y^east, 646; fermentation due to, 646 
Y^ellow ctdls, in .Icfinhc, 848; in radio- 
larians, 848 

— fibrous tissue, 1039, 1040 
Yolk-bag of voung fish, circulation on, 
1057 

Yucca, epiderm of, 712; guard-cells ol 
stoinates in, 715, 716 


Z 

Zanai-iVDiia, swurm-sporos of, 627 
Zca Affu'.v, epiderm of, 712; slomates of, 
715 

Zeiss's oil -immersion objectives, 29; his 
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Bioxam’s Chemistry, Inorganic and Organic; 

With Experiments. Edited by John Millar Thomson, F.R.S., Professor 
of CKemistry in King’s College, London; and Arthur G. Bloxam Con- 
sulting Chemist and Chartered Patent Agcrtt. Xinth Edition. With 2S4 
Illustrations. 8vo. i8j. net. ^ 

CHEMICAL NEWS . — “Deserving of theTulI confidence of teachers and students.” 

NA TURE,-^'' The boot will hold its place as a good ten-booL and a handy wort of reference,” 


The Elements of Chemistry. 

By M. M. Pattison Muir, Prelector in Chemistry, Cains College Cam- 
liridge. With Engravings. lOr. 6d. net. ^ ^ 


CHEMICAL NBWS.-^* A scholarly and readable account of the principles of the science out 

forward iii loj^l order and in a most characteristic ttijinner The smdeot ought to obtain a 

first-rate kni^wledge of the subject, and to gain a very mterestin* insight into the phrio.sophy of the 


A Course of Practical Chemistry for the use 
of Public Schools. 

By A. 'Bekksford Ryley, M.A. Oxon., Assistant Master, Malvern College. 
J IHojrtrations. Interleaved. Fcap. ^to. 4r. 6rf. net 


Qualitative Analysis and Practical Chemistry. 

Adapted for Use in the Laboratories ot Colleges and Schook By Frank 
CtoWKS, I). Sc. Lond., Emeritus Professor of Clicmistry in the University 
PollegCi Kottingham, ^^ghth Edition. With 102 Engravings and frontis- 
piece. Post 8vo. 7J. net. 

CHEMICAL NEWS.--" Merits almost unqualified rccomraendatiou.’' 

NATIJRE . — *' Hiis well-lttiown matfua! very thoroughly fulfils the aim whict ls set forth in 
tiie pl^e trustworthy and pi'actjcal methods of qualiucive analysis in tfce hands of 

the student/' 

EDUCATIONAL The author adopts such a thoroughly sinyile and inlelli,gible 

mannw of csbbpsiox sciaotific tertiLs that a beginner, without much aid from a teacaer, could under- 
'^and the sitM^U We can confidently recommend this useful book to schoiM and colleges and 
also to stadact, for whom it is intended." 
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Quantitative Chemical Analysis, 

Adapted for Use in the Laboratories of Colleges and Schools. By Frank 
Clowbs, D.Sc. Lond.» Emeritus Professor of Chemistry in the University 
College, Nottingham ; and J. Bernard Colkman, Assoc, R.C. Sci. Dublin, 
Professor of CheMUstry* South-West London Polytechnic. Eighth Edition. 
"^With 133 Engravings. PostSvo. lor. 6rf. net. 

CHEMICAL NEWS. We feel it our sgreeable duty give dJH w^m racommenda- 

tioo, both for what h cootains and for what it^norss. . , . A truly adauraWe book. 

PRACTICAL r^>JC^^Jf.-“AftwworVine through, this book whh proper th* student 

need fear no ordinary exanunation. . . - We have Tong regarded tltt book as second to none of its 
kind." 

BY THE SAME AUTHOKS. 

Elementary Practical Chemistry and QualK 
tative Analysis. 

For O^anised Science Schools and Schools generally. With 95 fengravings. 

Part 1 . — General Chemistry, Fifth Edition. 2r. net. 

Part II.— Analytical Chemistry. Sixth Edition. 3r. dtf. Ret. 

SCHOOL GOf^ERNMENT CHRONICLE.— R sound course of efementa^ instruction is 
provided, on n good constriictivc plan, develMod by methods which are rejnwrably direct, 
and effectual. . ? - In its present form the work should yet find wider fields of usefumess. 


Valentin’s Practical Chemistry, Qualitative 
and Quantitative Analysis. 

By Dr. W. R. HoDGKINSON, F.R.S.E., Professor of Chemistry and Physics 
in the Ordnance Goll^, Woolwich. Tenth Edition. With 95 Engravings 
and Map of Spectra. 8vo. loj. net. 

CHEMICAL NEWS.— *^ One of the few elementary treatises to be lecommended for a student’s 
book-shelves.” 

CHEMICAL TRADE JOURNAL .— book justly enjoys an unequalled eminence 
among books aa qualitative analysis." 


Introduction to Chemical Analysis. 

By Hugh C. H. Candy, B.A,, B.Sc., F.I.C., Lecturer on Chemistry in the 
Londen Ho^tal, Analyst to the London Hospit^ll. Crowa 8vo. 3f. 6 d. oel. 


A Manual of Chemistry, Theoretical and 
Practical. ^ 

By William A. Tilden, D.Sc., F,R.S., Professor of Chemistry in the 
Royal College of Science, London 5 Examiner in Chemistry to the Depart- 
ment of Sdence and Art. With 2 Plates and 143 Woodcuts. Crown 8vo. lo;. 

BRITISH MEDICAL /£>£//? A Professor Tilden k to be c«ig«tu!ated, cot only on 
faavtn^ preserved an old fovourilc from bebg lest, but in addition on having Written a very clear am 
acientuic text-book.” 4 


Jy & A> Churchill s lacience List, 


Chemistry Carbon Compounds ; or, Organic 
Chemistry, 

B}rHENRYWArTS,F.R.SMrevised'by WlLU^M^ D g, F R 

Profe^r orCh«n«try m the'Royal College of Science, South Kensington 
Second EdiUorL With Engravings. Crown 8vo. lor. ^ 


A System of Inorganic Chemistry. 

By Sir WttLIAM Ramsay, K.C.E., Ph.D., F.R S., Professor of Chemistry 
in University College, London. With Engravings. 8vo. 15;. 


CHEMICAL Afterac^efiii examination we must declare ourselves well satisfied 

with this wort ^ We consider i1 especially adapted for that numerous class of readers who need 
something superior to the cuirent cram-books." 


Elementary Systematic Chemistry; 

For the Use of Schools and Colleges. By Sir William Ramsay, K.C.B., 
]’h.D., F‘K.S., Professor of Chemistry in University Collie, London. 
With Engravings. Crown 8vq. 4^. 6d ; Interleaved for Notes, 5J. 6ti 


A System of Instruction in Chemical Analysis. 

By Rbmigius Fresenics, late Professor of Chemistry and Director of the 
Cliemicat Laboratory at Wiesbaden, 

Qualitative, Translated from the Fifteenth German Edition, and 
cdit^ by Charles E. Groves, F.R.S, Tenth Edition. With 46 
Engravings and Plate of Spectrum Analysis. 8 vo. 15^. 

Quantitative, Seventh English Edition. 

VoL 1 . Translated by Arthur Vacher. With 106 Engravings. 
Svo, 15/. 

Vol. n. Translated by Chas, E. Groves, F.R.S. With 143 
Engravings. Svo, 2cu, 


Practical ChemisTry. 

' Bv T. Camfbbll Brown, U.Sc., PtofesSor oT Chemistry in Victom Univer- 
sity, and Univehity College, Liverpool. Qualitative Exercises and Analytical 
Tables for Students. Fifth Edition. Svo. 2s. net. 


organic Chemistry. 


ttw FriWARi) Franklaxd, K.C.B., D.C.L,, LL.D., F.R.S., and 

fL^IS M,A„ Ph.D„ F.LC, F.R.S., Professor of Cheimst^ m 

di^^venity <Sr jUiodwn. With tmmerous Engravngs and Coloutwi Plate 
of Spectra. Svo. 24r. 
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The Chemistry of the Terpenes/ • 

By F. Heusi^r, Ph.D., -Bona Univetsity. translated and enlarged, by 
F. J. Pond, Ph.D,, Penr^ylvania ^te College. 8vo. 17 j. net 

PHARMACEVTICAL JOURiiAL.—*' The work should ]prove kidispeoseble to those who 
de^ to keep abreast of modem chemical researches on the essential oils.” 


The Analyst’s Laboratory Cotnpariion : 

A Collection of Tables and Data for .Qieiuists and Stddents; By Alfred 
E. Johnson, B.Sc. Lond., A, R.C.Sc. 1 ., DC, Third Edition, enlarged. 
Crown 8vo. 6^. hd. net. 

ANALYST .— This admirable and handy little voltune coatains all the tables usually-required 
by andysts. Alti^ethcr^ the book is of such a useful and lime-saving nature that no busy analyst 
can afford to be without It,” 

•fOURNAL OB STATE MEDICINE .— is anexceedinglyusefulbandbook, practically 
indispensable in every laboratory." 

Researches on the Affinities of the Elements 
and on the Causes of the Chemical 
Similarity or Dissimilarity of Elements 
and Compounds. 

By Geoffrey Martin, B,Sc, Loud. With Hiustrations and Tables. 
8vo. i6l net. 


A Simple Method of Water Analysis. 

Especially designed lor the Use of Medical Ofi&cers of Health. By John C, 
Thresh, M.D. Vic., D.Sc, Lend,, D.P.H. Camb., Examiner in State 
Medicine, University of London, Medical Officer of Health for the County 
of Essex. Sixth Edition. Fcap. 8vo. ns. (td, net. 

BY THE SAME AUTHOR. 

The Examination of Waters and Water Supplies. 

With 19 Plates and ii Figures in the text Svo. 141. net. 


By John C. Thresh, M.D,, and Arthur E. Porter, M.D., M.A, Camh., 
Medici Officer of Health, Borough and Rural District of Reigate, late Chief 
Sanitary Inspector, City of Leeds. 

Preservatives in Food and Fqod Examination. 

With ustradons. Svo, 14.^, net 


Foods and their Adulteration. 

Origin, Manufacture, and Composition of Food Products; Description of 
Common Adulterations, Food Standards, and National Food Laws and 
Regulations. By Harvey W, Wiley, M.D., Ph.D. With ii Coloured 
I^ates and 86 other Illustrations. 2U. net 


The Organic Analysis of Potable Waters. 

By J. A. Blair, M.B., C.M., D.Sc. Edin., L.RtC.P. Loud: Second 
Edition. Crown Svo. 3^.61/. 


dif A. Churchill' Science } / 

A Systematic Handbook of Volumetric . i. 

Oi, the Quantitative Estimation of Chemical ^ ' 

to Liquids, Solids and Gases. Adapted to ■ > ’ ' “ 

Research, Pathological Chemistry, Pharmacy 

Chemistry, Photography, &c ao 7 fo, iha ValUiL 'liK.'.'. ■' 

Commerce, ^culture, and the Am. Bv Fk 

F.C.S-, Pubhg Analyst for the County of Xodolk. Nhih vJ-,',-!’ ' 

1 21 Engravings. 20^. net. ‘''^'>111.0,1^,;. 

ANALYST.—" Throughout, one is struck with the author'i fcmarl<v> ■ 
processes of all kinds being described in their projxir place and in Mi h t*’ ' ' '. -1 :t' 

lucid stvie. The work has long been one of the most constant conmaVi^nts " "■ ■ 

every class, and the new edition fully maintains the reputation ot the nutL ^ '• ' 

in every respect. ' cxcein-nre ,.f work 


Commercial Organic Analysis. 


A Treatise on the Propertms, Proximate Analytical Examinations, and Modck 
of Asa^ng the various Organic Chemicals and Products empbyerl in th 
Arts, Manufactures, Medicines, &c. With Concise Methods for the Deiec 
tion and Determination of their Impurities, Adulterations, and Products of 
Decomposition. By Alfred H. Allen, F.I.C,, F.C.S., Public Analvst 
for the West Riding of Yorlcshire, &c. 


Vol. I. —Alcohols, Neutral Alcoholic Derivatives, &c,, Ethers, Vege- 
table Acids, Starch and its Isomers, Sugars, &c. Third Edition. 
With Illustrations. 8vo. i8j. 


Vol. II. Part I. Fixed Oils and Fats, Glycerin, Nitroglycerin, Dyna- 
mites and Smokeless Powders, Wool -Fats, Degras, &c. With 
Illustrations. Third Edition. 8vo, 14;, 

Vol. II.— Part 11 , Hydrocarbons, Petroleum and Coal-Tar Products, 
Asphalt, Phenols and Creosotes. Third Edition. 8vo. 14J. 

VoL IL— Part III. Acid Derivatives of Phenols, Aromatic Acids, 
Essential Oils, Terpenes, Camphors, Balsams, Resins, &c. Third 
Editicm. 8vo. 20J, 


Vol. III. — Part I. Tannins, Dyes and Colouring Matters, Writing 
Inks. Third Edition. 8vo. i8r. 

Vol. III.— Part II. Amines and Ammonium Bases, Hydrazine and its 
Derivatives, Bases from Tar, Antipyretics, (tc,, Vegetable Alka- 
loids, Opium, Tea, Coffee, Cocoa, Kola, ifcc. Second Edition. 
8vo. i&f. 

Vol. III.— Part III, Vegetable Alkaloids (concluded), Non -Basic 
Vegetable Bitter Principles, Animal Bases, Animal Acids, Cyanogen 
and its Derivatives, &c. Second Edition. 8vo. i6j. 

VoL IV., completing the work. — The Proteids and Albuminous Prin- 
ciples, Proteoids or Albuminoids. Second Edition, 8vo. i8r. 

CNEM/ST AND DEUGGfST.-" It is dUTioiU to conceive of a book which could be more 
useful to chemists of all sorts than this.” 

LANCET.-" Hr. Allen has earned thtthanks of all chemists, and of all who are inlettsted in 
Chemistry for his valuable, clear, and accurate book.” 

j4Av4iK.S‘7.-“The work is areal advance in the science of Practical Cheiiiistry, which docs 
credit to hs author Id enrery respect." 
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Manual of Chemical Technology. 0 

By Rudolf Wagner, Ph.DM Profesior of Chemical Technology at the 
University of WUrtsburg. Translated and Edited by Sir Wm. Crookes, 
F»R.S., &<xa the Thirteenth Enlarged Gennan Edition as remodelled by 
Dr. Ferdinand Fischer. Second English Edition. With 596 Engravings. 
Royal 8vo. 32J. 

Sections, 

Tecbnolf^ of Fuel— Metallurgy— Chemical Manufacturing Industry— The 
Organic Chemical Manufoctures — Glass, Earthenware, Cement and Mortar — 
Articles of Food uid Conramptitm^Chemical Technoli^ of Fibres— Miscellaneous 
0 )^;anO'Chemical Arts and Manufactures. 


Chemical Technology ; 

Or, Chemistry in its Application to Arts arid Manufactures, ^ited by 

Charles Edward Groves,. F.R.S., William Thorp, B.Sc.,*and W. J. 

Dibdin, F.LC. 

Vol. I.— Furl and ns Applications. By E. J. Mills, D.Sc., 
F.R.S., and F. J. Rowan, C.E. With 7 Plates (3 Coloured) and 
6')<5 Ei^avings. Royal 8vo, 301. 

Vol. II.— Lighting. Fats and Oils, by W. Y. Dentj Stearine 
Industry, by T. McArthur ; Candle Manu^ture, by L. Field 
and. F. A. Field; The Petroleum Industry and Lamps, by 
Boverton Redwood ; Miners’ Safety Lamps, by B. Redwood 
and D. A. LOUIS. With 358 Engravings. Royal 8vo. 20 j. 

Vol. III.— Gas Lighting. By Charles Hunt. With Two Plates 
and 392 Engravings. Royal 8vo. i8r. 

Vol. rv.— Electric Lighting. By A. G. Cooke, M.A., A.M.I.E.E. 
Photometry. By W, J. Dibdin, F.LC, F.C.S. With 10 
Plates and 181 Engravings. Royal $vo. 20r. 


A Handbook of Physics and Chemistry, 

Adapted to the Requirements of the First Examination of the English Con- 
joint Medical Boaird, and for general use. By H. E. CORBiN, B.Sc, I^nd. ; 
and A. M. Stewart, B.Sc. Lend. Third Edition. With 164 Illustrations.^ 
Crown 8vo. 6j. 6rf. net. 

7 ’.— "An excellent course of physics and chemistry. . . . 

We can strongly recommend it" 

PRACTICAL TEACHER.^** We are muefa pleased with the hook, and ve recommehd it to 
the carcAi] consideration iK>t only of the studenu above named (medical students), but also of the 
general Student desirous of obtaining a good sound elementary knowledge of the main principles of 
pjbysics and chemisuy without wading uirougb separate manuals on the various biauches of the two 
sciences.” 


A Treatise on Physics. 

Vol. I. Dynamics and Properties of Matter. By Andrew Gray, LL.D., 
F.R.S., Professor of Natural Philosophy in the University of Gla^ow. With 
350 Illustrations. 8vo. i^r. 

NA 7 ’t/^£‘.~"The reader will find the bo^ a storefaoase of general infoimatlim. . . . The book 
should be found in every physical library, aitd u sure to be fteqaently consulted.” 

ATHENjEUM.—^' \ very comprefaeosive treatite on droamica in the broadest sense of the 
w^, iuchidbg stadci, hydxodytiamks, elastikdty, aik! Il^lanty, with discussions of measures and 
instnimenti. The treaDueat is very businessiike, and goes ditecuy to the heart of the various matters 
considered. . , . Clear and trustworthy infonnatkMi L given, and Intimate acquaintance is shown 
with the highest modern auHmtities.” 
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An Introduction to Physical Measurements. 

By F. With Appendices on Absolnte Elccmcl Melcu.c ' 

■ raent, &c. Translated from the Seventh Ctmaii Edition by Thomas 

Uukbinson W^ER B A.,B.Sc, and Hpnkv Richardson’ rIZ“ 
F.I.C., F.C.S. Tnitd Edition. Wuh 91 Engravings. 8 vo. 12s, 6d. 


A Manual of Botany. 

By;. Reynolds Green, Sc.D., M.A., F.R.S., Professoc of Botany to the 
Pharmaceutical Society. 2 vols. Crown Svo. 

Vol I.- Morphology AND Anatomy. Third Edition. With 778 

Engravings. 75. 6r/. 

Vol. H.—Classification and Physiology. Second Edition. With 
466 Engravings. loj, 

NATVRB,^" A book which no student ought to neglect.” 

Vmvk^SITY CORRESPONDENT,^" Especially suited to the 5 eneral student The 

illustratiens un numerous and highly satisfactory." , 


An Intfoduction to Vegetable Physiology. 

By J. Reynolds Green, SaD., M.A., F.R.S., late Professor of Botany to 
the Pharmaceutical Society. Second Edition. With 184 Illustrations. Svo. 
lor. 6<if. net. 

NA TVRE „ — " It is a mauer for gratification that the task of providing such a treatise should 
have i^en intO'Sudl good hands as those of Professor Green, ^ whom, as might have been expected, 
the su^ect-matter has been skilfully bandied and admirably illustrated. By wisely avtnding exces- 
sive detail, and by duly cmphasisii^ from d^ercot points ol view the various matters of special im- 
portance. the author haa succeeded in {Hodudng a really excellent stedent’s book, whilst the genera] 
reader tntl find the principal tonnes of cunent [^ysiological interest presented in a lucid and interest- 
ing manner." 

JOURNAL QF BOTANY.^" l\&s hook will be heartily welcomed by botanists, , . . The 
method aitopted is excellent." 


Plant Anatomy and Handbook of Micro-Technic, 
from the Standpoint of the Develop- 
ment and Functions of the Tissues. 

* By William Chase Stevens, Professor of Botany in the University of 
Kansas. With 136 Illustrations. Svo. lor. 6/. net 
THE JVj4TC^i7^Z/5r.— "The clear type, and mimero^ excellent figures in this b«k pro- 
duce a BOOd imprtssioo it firet glanoe, and a close txamicatioa serves to streagthm rath^ than 
dimbunit. ... It is one of the Best treatises we have seen for a long time, and both teacher ano 
student find it a us^al book." 


The Microscope and Its Revelations. 

By William B. Carpenter, C.B., M.D., LL.D., F.R.S, Edu^ by 
Rev. W. H. DallinGER, LL.D., F.R.S. Eighth Edition. With 23 Pktes 
airf more than 800 Figures in the Text. Svo. cloth, 28 j. ; halTcalf, 32J. 

*,♦ The work is also issued in two volumes, sold separately 

VoL I.— The Microscope AND ITS Accessories. Cloth, i 4 l 
: VoL li,— T he Microscope; ITS Revelations. Cloth, 14J. 

i exposition of knowledge and ^eory re- 
e text is to be found in tbc former dditwi^ there 
■ " ? of the book. It is well 


KNOWLEDGE^--'* The pnsent vobme mv« a 
gini^ the mtCFoaoope : and althot^h « the t — -- . 

are many new aad rewritten portion* which add to the value and lu W o,^ that will be 

nrbtad, the ilbstiatioiis are Surefully prepared and well displayed, and the book is one 
found bvilt^le as 1 text-book to all microsa^ts. 
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The Student’s Guide to Systematic Botany, 

Including the Classification of Plants and Descriptive BoVany. By Robert 
Bentley, F.L.S., M.R.C.S., late Emeritus Professor of Botany in King’s 
College, and :o the Pharmaceutical Society. With 357 Engravings. Fcp. 
8vo. 3^, 6rf. 


The Microtomist’s Vade-Mecum : 

A Handbook of the Methods of Microscopic Anatomy. By Arthur Bollbs 
Lee. Sixth Edition. 8va 15^. net, 

BRITISH MEDICAL /0£/iPJV'^i.~“lTidispensable to all laboratories whtre normal and 
morbid tissues are examined microscojacaDy." . 

LANCET,—^^ It gives the most recent information, precise directions, and the most approwd 
modes. The author has tried everything, and" gives the reader the benefit of his large experience. ” 


Guide to the Science of Photo-Micrography. 

By Edward C. Bousfield, L.R.C.P. Lond. Second Edition; With 34 
Engravings and Glass-print Frontispiece. 8vo. 65. 

BRITISH MEDICAL The book is of a thoroughly practical character, and 

abounds in details necessary for the work.” 

BRITISH JOURNAL OF PHOTOGRAPHY,— strongly recommaided to all who 
purpose devoting themselves to this department of phott^rapby.” 


Methods and Formulse used in the Prepara- 
tion of Animal and Vegetable Tissues 
for Microscopical Examination, includ- 
ing the Stain of Bacteria. 

By Peter Wyatt Squire, F.L.S., F.C.S. Crown 8vo. 3^. 6<f. 


The Microscopical Examination of Foods and 
Drugs. 

A Practical Introduction to the Methods adopted in the Miaoscopical Exami- 
nation of Foods and Drugs in the Entire, Crushed, and Powdered States. 
Designed for the use of Analysts, Pharmacists, and Students training for ihose 
Professions. By Henry G. Greenish, F.I.C., F.L.S., Professor of 
Pharmaceutics to the Pharmaceutical Society of Great Britain, Author of 
“ An IntroductioD to the Study of Materia Medica.’’ With 168 Illustrations, 
lor. 6 d. net. 

PHARMACEUTICAL JOURNAL.-'^ The work it as well .planned and practical as it is 
unique ; no pharmacist, pharmaceutical student, or public analy^ can afford^ to be without and 
the author is cordially congratulated uptm the completion of a difficult and praiseworthy enterprise. 

JOURNAL OF STATE MEDICINE,- an exc^lwt work, well iUtwtrated and up 
to date, and should prove of real value to the profesaiooal analy^ in hb d«ly work.” 

BY THE SAME AUTHOR AND EUG£NE COLLIN. 

An Anatomical Atlas of Vegetable Powders^ 

Designed as an Aid to the Microscopic Analysis of Powdered Foods and 
Drugs. With 138 Illustrations. 12s, 6 d, net. 
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A Guide to the Microscopical Examinaii r 
Drinking Water, with a„ Appenau 

Microscopical Examination of Air. 

By Sir John D. Macdonald, M,D.,,F.U.S., hA-I'ri-ifcssorofX- v-a;:- ; 
Army Medical School. Second Edition. With 2, LiOwraphic !"an./ 

taining Eimires. Svo, js, 6 (L 


Quarterly Journal of Microscopical Science. 

Edited by Professor Sir E. Rav Lankester, K.C.H.^ M,A., LLD., 
with the Co-operation of Adam Sedgwick, M.A., F.R.S,. Svdnev 
H iCKSONp M.A., F.R.S., and E. A. Minchin, M. A. Published occnsiniiailv. 
tor. net. Back Numbers still in print, loj. net each. 


Manual of Hygiene. 

. By VV. H. Hamer, M.D., D.P.IL, F.K.C.P.*, Lecuuer^on Public Health, 
St. Bartholomew’s Hospital, Assistant Medical Officer of Health of the 
Administrative County of London. With 93 Illustrations. I2j. 6 d. net. 

JOURNAL OF STATE Ar£Z?/C/.V£.— “_Tliis_ is a well-written manual, which leaves un- 
touched no subject of any importance in connecilon with hygiene. The book is illustrated, and the 
t>*pe ustd is dear. Dr. Hamer knows what the candidate for a Public Health Diploma requires, and 
has succeeded in producing a work which can be strongly recommended to the attention of all who 
are in any capacity interested in the administration of Public Health affairs.” 


A Handbook of Hygiene and Sanitary Science. 

By Geo. Wilson, M.A., M.D., LL.D., D.P.H. Cmnb., Medical Officer of 
Health for Mid- Warwickshire. Eighth Edition. With Engravings. i2j. 


The Theory & Practice of Hygiene, (Notter and Firth.) 

By Lieut-Col. R. H. Firth, F.R.C.S., R.A.M.C., Officer in Charge of the 
School of Army Sanitation, Aldershot, late Professor of Hygiene in the Royal 
Army Medical College. Third Edition. With 22 Plates and 193 other Illustra- 
tions. Royal8vo.2ij.net. 

PUBLIC HEALTH.—" 'VhK best tevt-bewk of Hygiene in the English language. . . . The 
arrangement of the book Is excellent, and, full as it is of matter, the matter has been so put as to be 
easily grasped and assimilated." * 

TIMES. — " An ew^’clopsdic treatise. . , . Cannot fail to take rank as the chief authority upon 
most of the questioos with which it deals." 

BY THE SAME AUTHOR. 

Military Hygiene. 

A Manual of Sanitation for Soldiers. With 40 Illustrations. Crown 8vo. 
y. 6 (f, net. 

Lessons on Elementary Hygiene and Sanita- 
tion, with special .reference to the 
Tropics. 

By W. T. ProUT, C.M.G,, M.B., C.M.(Edm.), Hon, Lecturer School of 
Tropical Malicine, Liverpool ; late Principal Medical Officer, Sierra Leone ; 
Member of Legislative Council ; Medical Officer of llcallh, City of Freetown, 
^C. With 60 Illustrations. 8vo. 2 S. 6 <f. net. 
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A Treatise oil Hygiene and Putni^ Healthi 

By Sir Thomas Stev^n’scn, M.D., F.R.C.P., Lectarer on Chemistry and on 
Medical Jurisprudence at Guy’s Ht^pital, OflScml Analyst to the Home Office ; 
and Sir Shirley F. Murphy, Medicid Officer of H^th of the Administrative 
County of London {]?ditors). In Three Volumes. Royal 8vo. With many 
Engraving, Maps, Plates, &c. 

Vol. L— Air, by Dr. Notter."^ Warming and Ventilation, by W. N. 
Shaw, F.R.S. Metwrology, by G. J. Symons, F.R.S. Influence 
of Climate on Health, by Dr. Theodore^Uliams, Water, by Sir T. 
Stevenson. Influence of Soil on Health, by Dr, Monckton. Copeman. 
Food,, by Dr. Sidney Martin. Inspection of Meat, by Dr. E. W. 
Hope. Clothing, by Dr. Poore. Physical Education, by Sir F. 
Treves, Bart., iCc.V.O. Baths, by Dr. Hale White. The Dwell* 

, ing, by Gordon Smith, F.R.I.B.A., and Keith D. Young, F.R.I.B.A. 
Hospital Hygiene, by Sir H. G. Howse, M.S. The Disposal of 
Refose, by Dr. Corfield and Dr. L.- Parites. Offensive and Noxious 
Businesses, by Dr. Hime. Slaughter-Houses, by Dr. E.^W. ’Hope. 
With 9 Plates and 1 86 Engravings. Royal 8vo. 28 j, 

Vol. IL — The Pathology and Etiology of Infectious Diseases, by Dr. E. 
Klein, F.R.S. The Natural History and Prevention of Infectious 
Diseases, by T. W. Thompson. yY»cdnation, by Dr. McVail. 
Marine Hygiene, by Dr. H. E. Armfetrong. Military Hygiene, by 
Dr. J. L. Nottcr. Disposal of the Dead, ^ Sir T. Spencer Wells, 
Bart., and F. W. Lowndes, M.R.C.S. Vital Statistics, by Dr. 
Ransome. Duties of the Medical Officer of Health, by Dr. Alfred 
Ashby. With 45 Plates ^d 54 Engravings. Royal 8vo. 32;. 

Vol. III. — The Law relating to the Public Health in England and 
Wales, Scotland and Ireland. Royal Svo. aor. 

Each of the articles in Vol. III. is by a gentleman of recc^ised legal 
ability, officially engaged in the administration of the law of that part of the 
United Kingdom to which his article relates, though for departmental reasons 
the names of the writers do not appear. 


Subjective Sensations of Sight and Sound, 
Abiotrophy, and other Lectures. 

By Sir Wm. R. Gowers, M.D., F.R.C.P,, F.R.Su, Physician to the National 
Hospital for the Paralysed and Epileptic. With Illustrations, Or. net. 


Diet and Food, 

Considered in Relation to Strength and Power of Endurance, Training and 
Athletics. By Alexander Haig, M.A., M.D., F.R.C.P., Physician 
to the Metropolitan Hospital and the Royal Hospital for Children and 
Women. Sixth Edition. Crown Svo. 2J. net. 


Alcohol Tables, 

Giving for all Specific Gwvities, from 1*0000 to 0*7938, the Percentages of 
Absolute Alcohol, by Weight and by Volume, and of Proof Spirit. By Otto 
Hbhner, F.C.S., ^blic Analyst for the Isle of Wight and the Boroughs of 
Derby and Ryde. Royal Svo. jr. td. 


'3 


■ & A: Ckurchili’s Scum List. 


Butter, its . Apaiysis and Adulterations. 


Special^ treating of tlie Delection and Determination of Forri™ Fite 
Otto Hehner, F.C.S,, and Arthur Angelt 
to the County of Southampton. 

8vo. 3J. 6^. 
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1 t:.,/ 7 '-’ Analyst 
Second Edition. With Engravings, l‘ost 


A Text- Book of ^Bacteriology. 

By G. M. Sternberg, M.D., LL.D., Surgeon-General U.S, Armv, Second 
Edition. Illustrated by 9 Ileliotype and Chtomo-llthographic Plates and tgS 
Engravings in the Text. Syo. 26 j, ^ 
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/'/r.i4CiVV/CVA'£yr.-r- Ttmtxxlies all recent progress, 
coloured plates and reproduclions of photographs.” 

MEDICAL JOURWAL.-''T\it. author has srsirprl nn ■ , • . 

thoroughly op to date, and to render it a thoroughly reliable guide to the studen? and’praom^UM ol 


A Manual of Bacteriology. 

Clinical and Applied By Richard T. Hewlett, M.D., FRCP D P H 
Professor of General Pathol(^ and Bacteriology in King^s College’ London' 
Third Edition. With 24 Plates and 72 Illustrations in the Text. Post 8vo' 
ioa (id. net. 


FRACTITfO!V£R.~- We havere^ the bool; with great interest throughout, and ha.-e found 
the sty le so concise and clear that the task of reading is rendered a pleasant one. . . , Vervearefid in 
deductions and accurate in descriptions. ' ^ 

LANCET. — “ Of great \'alue to the student. An accurate and safe guide. ” 

MEDICA I JOURNAL.— " \n eminently practical TOiume of the highest value in 
the laboratory. ® 

‘'Clearly written . . . abundantly illustrated.'' 


'^An Introduction to the Bacteriological Exami- 
nation of Water. 

ByW. H. Horrocks, M.B., B.Sc. Lonri., Assistant Professor of Military 

Hygiene in the Staff Medical College ; Major, Royal Army Medical Corps. 

With five Lithr^raphic Plates. 8vo. io.f. (id. 

LA^C KT. — “ Dr. Horrocks has made a very valuable contribution to our knowledge, not only of 
water bacteria in general, but aUo of pathogenic bacteria wliich gain access to water supplies in 
particuhir. His views ss to the most efheient' methods of conducting the bacteriological examination 
of water are basietl on practical researches.” 


A Manual of Dental Anatomy, Human and 
Comparative. 

By Charles S. Tomes, F.R.S. Sixth Edition. With 286 Engravings. 
I2J. (id. net. 
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The Labyrinth of Animals, includiipig AtammalS, 
Birds, Reptiles, and Amphib^ns. 

By Albert A. Gray, M.D. (Glas.)i F.R.S.E., Surgeon for Diseases of the 
Ear to the Victoria Infirmary, Glasgow. Vol. I. With 31 Stereo^opic 
Plates. 2is. net (including Stereoscope). Vol, II. With 45 Stereo^pic^ 
Plates. 25r. net. 


The Comparative Anatomy of the Domesticated 
Animals. 

By A. Chauveau, M.D., LL.D., Inspcctor-General of Veterinary ^hools 
in France ; Professor at the Museum of Natural History, P^s j and 
S. Arloing, Director of the Lyons Veterinary School ; Translated and Edited 
by George Fleming, late Principal Veterinary 'Surgeon to the British 
Army. Second Edition. With 585 Engravings. 8vo, 31^. 


The Cell as the Unit of Life, 

And other Lectures delivered at the Royal Institution, London, 1899-1902. 
An Introduction to Biology. By Allan Macfadyen, M.D., B.Sc., 
Fullerian Professor of Physiology, Royal Institution, lx)ndon, and Head of 
the Bacteriological Department, Lister Institute of Preventive Medicine, 
London. Edited by R. Tanner Hewlett, M.D., F.R.C.P., l^fessor of 
General Pathology and Bacteriology, King’s College, London. With Portrait 
of the Author, and other Illustrations. 8vo. jj. 6^. net. 

/OURyAL OF N y'GIEyF.—*"Tht Lectures are well worth reading.” 

WESTMINSTER GAZETTE -— the volume under notice the reader will find a lucid 
■description of the structure and working of the cell, couched- in a form which may be readily com* 
prehcuded of the general. The descriptions of the production of antitoxins Is very interesting.” 

GLASGOW HERALD . — “As an introduction to the study of biology nothing better could be 
<lesired. ” 


The Functional Inertia of Living Matter. 

A Contribution to the Physiological Theory of Life- By D. Fraser Harris, 
M.D., C,M., B.Sc.Lond., F.K.S.F.., Lecturer on Physiology and Normal 
Histology in the University of St. Andrews. With 12 Illustrations. f 8vo. 
5f. net. ^ 

THE SCOTS M AN bjok reveals a vast deal of elaborate and painstakin.; research and 

experiment. ... It is bound to attract the attention of all up-to-date biolo>ri‘ta.” 


Contributions to the Knowledge of Rhabdo- 
pleura and Amphioxus. 

By ProfeMOr Sir E. Ray Lankester, K.C.B., M.A., LL.D., F.R.S., late 
Linacre Professor of Human and Comparative Anatomy in the University of 
Oxford. With 10 Plates. Royal 410. 5^ net. 


Practical Lessons in Elementary Biology, 

For Junior Students. By pEYTON T. B. Beale, F.R.C.S. , Demonstrator of 
Physiology and Lecturer on tilenientary Biolr^ in King’s College, London, 
and Assistant Surgeon to the Hospital. Crown Svo. 6t/. 








